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DESCRIPTION

FIELD OF INVENTION

[0001] Polypeptides comprising at least one carboxy-terminal peptide (CTP) of chorionic gonadotrophin attached to the
carboxy terminus of a coagulation factor and polynucleotides encoding the same are disclosed. Pharmaceutical
compositions comprising the polypeptides and polynucleotides of the invention, methods of producing the same, and
medical uses thereof, are also disclosed.

BACKGROUND OF THE INVENTION

[0002] The development of coagulation factor replacement therapy has transformed the lives of many individuals with
hemophilia. Hemophilia is a group of hereditary genetic disorders that impair the body's ability to control blood clotting or
coagulation. Patients with hemophilia do not produce adequate amounts of Factor VIII or Factor IX proteins, which are
necessary for effective blood clotting. In severe hemophiliacs even a minor injury can result in blood loss that continues for
days or weeks, and complete healing may not occur, leading to the potential for debilitating permanent damage to joints
and other organs, and premature death.

[0003] One type of hemophilia, Hemophilia B, is an X-linked bleeding disorder caused by a mutation in the Factor IX (FIX)
gene, resulting in a deficiency of the procoagulant activity of FIX. Hemophilia B patients have spontaneous soft tissue
hemorrhages and recurrent hemarthroses that often lead to a crippling arthopathy. Current treatment for these patients
includes an intravenous administration of recombinant FIX. However issues of cost and relatively rapid clearance of FIX
from the circulation make developing a long-acting FIX a challenging task.

[0004] Commercial availability of FVIII and FIX has lead to improved control of life-threatening bleedings episodes. Many
patients receive prophylactic therapy, which reduces the risk of bleeding and its associated complications. However, a
significant proportion of patients (10-30%) develop inhibitory antibodies to exogenously administered FVIII and FIX.
Administration of FVlla, which is a bypassing product, can induce homeostasis and provide an effective treatment for
patients with inhibitory Abs.

[0005] Recombinant FVlla (NovoSeven®) is commercially available and was approved in 1996 for treatment of bleeding
episodes in hemophilia patients with inhibitors. However, rFVlla is rapidly cleared with a terminal half-life of 2.5 hours. As a
result, patients generally require multiple, frequent infusions (2-3 doses given in 2-3 hour intervals) to achieve adequate
homeostasis following a mild to moderate bleed. Consequently, there is much interest in developing a long-acting form of
FVIla that would prolong the duration of haemostatic activity following a single dose and allow much less frequent dosing.
A long-acting FVlla would also increase the feasibility of long-term prophylactic therapy.

[0006] Various technologies are being developed for prolonging the half-life of FVIlla. However, the challenge is to
achieve a prolonged half-life of this protein while preserving its biological activity and ensuring that the modifications do
not induce significant immunogenicity.

[0007] Fares et al, (1992) PNAS 89: 4304-4308, describes fusing 1 or 2 copies of C-terminal peptide (CTP) of the
chorionic gonadotropin B-subunit (CGp) to Follitropin B subunit. Fares et al. noted that the approached described therein
"requires that the active site is not at the carboxyl end of the molecule”. Fares et al. is silent with respect to CTP-modified
coagulation factors.

[0008] Fares et al., (2010) Endocrinology 151(9):4410-4412, describes fusing carboxyl-terminal peptide (CTP) of human
chorionic gonadotropin (hCG)-B-subunit to a growth hormone in structural patterns that includes attaching CTP units to
the N-terminus of the growth hormone. Fares et al. is silent with respect to CTP-modified coagulation factors.

[0009] Fares et al, (2011) International J. Cell Bio. 9(11): 2021-2027, describes fusing CTPs to erythropoietin in
structural patterns that includes attaching carboxyl-terminal peptides (CTPs) of human chorionic gonadotropin (-subunit
units to the coding sequence for erythopeoitin (EPO). For example, Fares et al. describes a CTP-modified EPO having
one CTP attached to the N-terminal end of EPO and two CTPs attached to the C-terrninal end of EPO. Fares et al. is silent
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with respect to CTP-modified coagulation factors.

[0010] WO 93/06844 describes "tandem extension with the carboxy terminal peptide (CTP) of human chorionic
gonadotropin”. For example, WO 93/06844 describes enhancement of biological stability of follicle-stimulating hormone
(FSH) containing the two unit CTP C-terminal extension of its B-subunit. WO 93/06844 is silent with respect to CTP-
modified coagulation factors.

[0011] Konterman (2011) Current Opinion in Biotechnology 22(6):868-876, provides a review of methods for extending
serum half-life of protein therapeutics. Konterman lists methods including PEGylation, N-glycosylation, fusion of albumin to
a target protein, and fusion of the Fc portion of an antibody to a target protein. Konterman does not disclose attachment of
carboxy-terminal peptides (CTPs) to a protein or peptide of interest.

[0012] United States Patent Application No. 2010/0317585 relates to a genus of modified coagulation factors which are
modified by the presence of one to five gonadotropin CTPs attached to the C-terminus.

SUMMARY OF THE INVENTION

[0013] The invention provides a chorionic gonadotropin carboxy terminal peptide (CTP)-modified coagulation factor
consisting of a coagulation factor and three CTPs attached to the carboxy terminus of said coagulation factor, wherein
said CTP-modified coagulation factor is:

a CTP-modified Factor IX (FIX) polypeptide consisting of the amino acid sequence of SEQ ID NO: 31 or of amino acids
47-545 of SEQ ID NO: 31;

a CTP-modified Factor VII (FVII) polypeptide consisting of the amino acid sequence of SEQ ID NO: 25 or of amino acids
39-528 of SEQ ID NO: 25; or

a CTP-modified activated Factor Vlla (FVlla) consisting of the amino acid sequence of amino acids 39-528 of SEQ ID NO:
25.

[0014] In one embodiment, at least one CTP is glycosylated.

[0015] In another embodiment, CTP-modified coagulation factor is a CTP-modified FIX polypeptide consisting of the
amino acid sequence of SEQ ID NO: 31 or of amino acids 47-545 of SEQ ID NO: 31.

[0016] In another embodiment, the CTP-modified coagulation factor is a CTP-modified FVII polypeptide consisting of the
amino acid sequence of SEQ ID NO: 25 or of amino acids 39-528 of SEQ ID NO: 25, or wherein the CTP-modified
coagulation factor is a CTP-modified FVlla consisting of the amino acid sequence of amino acids 39-528 of SEQ ID NO:
25.

[0017] In another embodiment, the invention provides a polynucleotide encoding the CTP-modified coagulation factor. In
another embodiment, the nucleic acid sequence of said polynucleotide is as set forth in SEQ ID NO: 30. In another
embodment, the nucleic acid sequence of said polynucleotide is as set forth in SEQ ID NO: 24.

[0018] In one embodiment, the invention provides a pharmaceutical composition comprising the CTP-modified
coagulation factor, or the polynucleotide, and a pharmaceutically acceptable carrier.

[0019] In another embodiment, the invention provides the CTP-modified coagulation factor or the pharmaceutical
composition, for use as a medicament.

[0020] In another embodiment, the invention provides the CTP-modified coagulation factor or the pharmaceutical
composition, for use in preventing or treating a blood clotting or a coagulation disorder in a subject. In an embodiment, the

blood clotting or coagulation disorder is hemophilia.

[0021] In another embodiment, the invention provides the CTP-modified coagulation factor or the pharmaceutical
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composition, for use in preventing or treating a blood clotting or coagulation disorder in a subject by subcutaneous
administration.

[0022] In another embodinet of the invention, the subject is a child.

[0023] In one embodiment, the invention provides a method of extending the biological half-life of a coagulation factor,
the method comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides (CTPs) to the
carboxy terminus of a FIX polypeptide, or comprising the step of attaching three chorionic gonadotrophin carboxy terminal
peptides (CTPs) to the carboxy terminus of a FVII or FVlla polypeptide, thereby producing a CTP-modified coagulation
factor in which the coagulation factor has an extended biological half-life.

[0024] In another embodiment, the invention provides a method of improving the area under the curve (AUC) of a
coagulation factor, the method comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides
(CTPs) to the carboxy terminus of a FIX polypeptide, or comprising the step of attaching three chorionic gonadotrophin
carboxy terminal peptides (CTPs) to the carboxy terminus of a FVII or FVlla polypeptide, thereby producing a CTP-
modified coagulation factor in which the coagulation factor has an improved area under the curve (AUC).

[0025] In another embodiment, the invention provides a method of reducing the dosing frequency of a coagulation factor,
the method comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides (CTPs) to the
carboxy terminus of a FIX polypeptide, or comprising the step of attaching three chorionic gonadotrophin carboxy terminal
peptides (CTPs) to the carboxy terminus of a FVII or FVlla polypeptide, thereby producing a CTP-modified coagulation
factor in which the coagulation factor has a reduced dosing frequency.

[0026] In another embodiment, the invention provides a method of reducing the clearance rate of a coagulation factor,
the method comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides (CTPs) to the
carboxy terminus of a FIX polypeptide, or comprising the step of attaching three chorionic gonadotrophin carboxy terminal
peptides (CTPs) to the carboxy terminus of a FVII or FVlla polypeptide in which the coagulation factor has a reduced
clearance rate.

[0027] In another embodiment, the invention provides a method of producing the CTP-modified coagulation factor
comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides (CTPs) to the carboxy terminus
of a FIX polypeptide, or comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides (CTPs)
to the carboxy terminus of a FVII or a FVlla polypeptide, thereby producing the CTP-modified coagulation factor.

[0028] Other features and advantages of the present invention will become apparent from the following detailed
description examples and figures. It should be understood, however, that the detailed description and the specific
examples while indicating preferred embodiments of the invention are given by way of illustration only, since various
changes and modifications within the scope of the invention will become apparent to those skilled in the art from this
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

Figure 1A. Shows a bar graph showing harvests limited, diluted, transfected, and selected cells with FIX-CTP and FIX-
CTP-CTP variants in the presence of 5ug/ml of Vitamin K3. The level of FIX was quantified using Human FIX ELISA kit
(Affinity Biologicals; Cat. No. FIX-AG RUO), and the calculated protein concentration (pg/ml) is the average of two
independent runs. Figure 1B shows SDS-PAGE gel micrographs of FIX Ab recognition Micrograph A depicts recognition of
anti-FIX antibody in Western-blot; Micrograph B depicts recognition of anti-y carboxylation antibody in Western-blot. Lane
1 in A-B was loaded with a sample containing recombinant FIX Lane 2 in A-B was loaded with a sample containing FIX-
CTP harvets. Lane 3 in A-B was loaded with a sample containing FIX-(CTP); harvest.

Figure 2. Shows a graph showing FIX-CTP and FIX-(CTP)2 harvests comparative chromogenic activity (measured by a

the ECsp. concentration) compared to rhFIX (American Diagnostics).

Figure 3. Shows a graph showing PK profile of rhFIX, harvest of FIX-CTP-CTP, and harvest of FIX-CTP.
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Figure 4. Shows a bar graph showing harvests of FIX-CTP and FIX-CTP-CTP harvests and FIX-CTP-CTP purified protein
FIX antigen level as determined using Human FIX ELISA kit (Affinity Biologicals; cat. No. FIX-AG RUO). The calculated
protein concentration (ug/ml) is the average of two independent runs.

Figure 5. Shows SDS-PAGE gel micrographs of FIX Ab recognition. Micrograph A depicts a coomassie blue staining;
Micrograph B depicts recognition of anti-FIX antibody in Western-blot; Micrograph C depicts recognition of anti-y
carboxylation antibody in Western-blot. Lane 1 in A-C was loaded with a sample containing FIX-(CTP),. Lane 2 in A-C was

loaded with a sample containing unbound FIX-(CTP),. Lane 3 in A-C was loaded with a sample containing a concentrated
elution of FIX-(CTP)s.

Figure 6. Shows a graph showing FIX-(CTP)2 chromogenic activity (sample concentration/O.D.) compared to human

normal pool plasma and rhFIX (American Diagnostics).

Figure 7. Shows a graph showing the PK profile of purified FIX-CTP-CTP, rhFIX, harvest of FIX-CTP-CTP, and harvest of
FIX-CTP.

Figure 8. Shows an anti-CTP and anti-gamma carboxylation antibodies Western blots of FIX fused to three, four or five
CTPs. FIX-CTP3, FIX-CTP4, and FIX-CTP5 harvests were loaded on 12% Tris-Glycine gel using Precision plus dual color

protein marker (Bio-Rad). The SDS-PAGE analysis was performed by Western immuno-blot using anti-CTP polyclonal Ab
(Adar Biotech Production) or anti-Gla Ab (American Diagnostica).

Figure 9. Shows a coomassie blue detection of FIX-CTP3, FIX-CTP,4, and FIX-CTPs. After a purification process utilizing
Jacalin column (immunoaffinity purification of glycosylated proteins), FIX-CTP3, FIX-CTPy4, and FIX-CTPg5 were loaded on

12% Tris-Glycine gel using Precision Plus Dual Color Protein Marker (Bio-Rad). The SDS-PAGE was stained by
Coomassie blue dye for sample detection.

Figure 10. Shows FIX Chromogenic activity. A comparative assessment of the in vitro potency of fully purified (HA column)
FIX-CTP3 FIX-CTP4 and FIX-CTPg versus human pool normal plasma was performed using a commercially available

chromogenic activity test kit, BIOPHEN (Hyphen BioMed 221802). All samples were serially diluted and the potency was
assessed by comparing a dose response curve to a reference preparation consisting of normal human plasma.

Figure 11. Shows the comparative pharacokinetic (PK) profile of FIX-CTP3 FIX-CTP4 and FIX-CTPs. FIX concentration in

plasma samples were quantified using human FIX Elisa kits (Affinity Biologicals). Pharmacokinetic profile was calculated
and is the mean of 3 animals at each time point. Terminal half lives were calculated using PK Solutions 2.0 software.

Figure 12. Shows the FIX-CTP3 SDS-PAGE analysis - Coomassie SDS-PAGE. FIX-CTP3 y-carboxylated enriched protein,

rhFIX and rFIXa (activated FIX) were loaded on 12% Tris-Glycine gel using Precision Plus Dual Color Protein Marker (Bio-
Rad). The SDS-PAGE Coomassie analysis was performed by staining the gel with Commasie blue reagent (800 ng of
protein) (Figure 12A). A Western immunoblot was performed using 100 ng of protein with anti-human FIX polyclonal Ab
(Figure 12B), anti-human gamma carboxylation monoclonal antibody (American Diagnostics Cat #499, 3570) (Figure
12C), anti-FIX propeptide polyclonal Ab (Figure 12D), and anti-CTP polyclonal Ab (Figure 12E).

Figure 13: Shows the FIX-CTP3 chromogenic activity. A comparative assessment of the in vitro potency of FIX-CTP3
harvest and FIX-CTP3 y-carboxylated enriched protein, versus human pool normal plasma was performed using a
commercially available chromogenic activity test kit, BIOPHEN (Hyphen BioMed 221802). FIX-CTP3 harvest and protein

were serially diluted, and the potency was assessed by comparing a dose-response curve to a reference preparation
consisting of normal human plasma.

Figure 14: Shows the comparative clotting time. An in vitro aPTT (activated Partial Thrombin Time Assay) was performed
comparing the clotting activity of FIX-CTP3 to BeneFIX. The proteins were serially diluted and spiked into human FIX-

depleted plasma, and the clotting time was evaluated.

Figure 15. Shows FIX-CTP3 comparative PK profile. FIX concentration was quantitated using human FIX ELISA kits

(Affinity Biologicals; Cat. # FIX-AG RUO). The pharmacokinetic profile was calculated for each protein and is the mean of
3 animals at each time point.

Figure 16. Shows the activity profile parameters. In parallel to PK sampling, FIX-deficient animals administered with either
BeneFIX® or FIX-CTPj3, citrated plasma samples, were evaluated for their clotting activity by aPTT assay, which was
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translated to % activity. The % activity at each collection point was calculated as the current clotting time/clotting time of
normal pool mice plasma*100.

Figure 17. Shows a first challenge bleeding parameters. FIX-deficient mice were administered a single intravenous
injection of 100 IU/Kg of BeneFIX® or rFIX-CTP3. The tail vein was slightly clipped 48 hours post-dosing and tail vein

bleeding time (TVBT) and bleeding intensity (hemoglobin OD) were evaluated. A second bleeding challenge was
performed 15 minutes after reaching homeostasis, and the same parameters were measured.

Figure 18. Shows a second challenge bleeding parameters. Once the first bleeding described in the legend to Figure 19
was spontaneously or manually stopped, a second bleeding challenge was performed 15 minutes following the first one,
and the time and bleeding intensity were re-measured.

Figure 19. Shows a diagram illustrating the rFVII-CTP construct (A), rFVII-CTP-CTP construct (B), rFIX-CTP construct
(C), and rFIX-CTP-CTP construct (D).

Figure 20A. Shows a bar graph showing harvests limited diluted clone transfected and selected cells with FVII-CTP
variants in the presence of 5ug/ml of Vitamin K3. The level of FVII was quantified using FVII ELISA (AssayPro).

Figure 20B. Shows a bar graph showing harvests of limited diluted transfected and selected cells with FVII-CTP variants
in the presence of 5ug of Vitamin K3.activity. FVII activity was quantified using FVII chromogenic activity assay (AssayPro).

Figure 20C. Shows a bar graph showing harvests of limited diluted transfected and selected cells with FVII-CTP variants
in the presence of 5ug of Vitamin K3. The specific activity of FVII was calculated for each version by dividing the activity
value by the harvest FVII concentration.

Figure 20D. Shows a graph showing PK profile of FVII, FVII-CTP-CTP, and FVII-CTP harvests.

Figure 21. Shows western blots of FVII fused to three, four and five CTPs, detected using anti-FVII, anti-CTP, and anti-
gamma carboxylation antibodies. FVII-CTP3, FVII-CTP,4, and FVII-CTP5 harvests were loaded on 12% Tris -Glycine gel

(expedeon) using Precision plus dual color protein marker (Bio-Rad). The SDS-PAGE analysis was performed by Western
immunoblot using anti-FVII Ab, anti-CTP polyclonal Ab (Adar Biotech Production) or anti-Gla Ab (American Diagnostica).

Figure 22. Shows the FVII Activity - Chromogenic activity. Acomparative assessment of the in vitro potency of HA purified
(highly gamma carboxylated fraction) FVII-CTP3, FVII-CTP,4, and FVII-CTP5 versus normal human pool plasma was

performed using a commercially available chromogenic activity test kit, BIOPHEN (Hyphen BioMed 221304). All samples
were serially diluted and the potency was assessed by comparing a dose response curve to a reference preparation
consisting of normal human plasma.

Figure 23. Shows a first comparative pharmacokinetic (PK) profile-FVII 3, 4 and 5 CTPs. FVII-CTP3, FVII-CTP4, and FVII-
CTP5 (Group A, B and C, respectively) were administered in a single intravenous injection to Sprague Dawley rats (six rats

per treatment) in a dose of 250 pg/kg body weight. Blood samples were drawn retro-orbitally from 3 rats alternately at
0.083,0.5 2,5, 8, 24, 48, 72 and 96 hours post dosing. Citrated plasma (0.38%) was prepared immediately after sampling
and stored at -20°C until analysis. FVII-CTP5 demonstrated a superior profile as compared to the two other versions.

Figure 24. Shows a second comparative PK profile-FVII 3, 4 and 5 CTPs. FVII-CTP3, FVII-CTPy4, and FVII-CTP;5 following

FVII selection and the HA purification process (Group A, B and C, respectively) were administered in a single intravenous
injection to Sprague Dawley rats (three rats per substance) in a dose of 29.45 pg/kg body weight. Blood samples were
drawn retro-orbital at 0.083, 0.5 2, 8, 24, 48, and 72 hours post-dosing. Citrated plasma (0.38%) was prepared
immediately after sampling and stored at -20°C until analysis.

Figure 25. Shows a schematic diagram of FVII-CTP3 purification process. Batch 31 was produced for the PK/PD study.

Batch 38 was produced for the survival study.

Figure 26. Shows an SDS -PAGE and Western blot of Final FVII and FVlla. 10 pyg (Batch 31) or 5 pug (Batch 38) were
loaded in each lane of Coomassie stained SDS-PAGE. 1 pg protein was loaded in each lane of Western blot. 1. FVII-CTP3

polypeptide; 2. Heavy chain, including 3x CTP; 3. Light Chain. All three antibodies detect FVII. FVIla heavy chain was
detected by a-CTP, and light chain is detected with both a-FVII and a-Gla.

Figure 27. Shows that FVII-CTP3 chromogenic activity is enhanced as a result of purification on ceramic hydroxyapatite

(HA) column. A comparative assessment of the in vitro potency of FVII-CTP3 harvest, in-process fractions, and purified
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FVII-CTP3 versus human pool normal plasma was performed using a commercially available chromogenic activity test kit,
BIOPHEN (Hyphen BioMed 221304). FVII-CTP3 harvest and protein were serially diluted and the potency was assessed

by comparing a dose-response curve to a reference preparation of normal human plasma.

Figure 28. Shows the PK profile of FVIla-CTP3 vs. NovoSeven® in FVIl-deficient mice. FVIla-CTP3 was produced
following FVII selection, HA purification process and activation. FVIla-CTP3 or NovoSeven® was administered in a single

intravenous injection to FVIII-/- hemophilic mice. Blood samples were drawn retro-orbitally at 0.083, 0.5 2, 8, 24, 48, and
72 hours post-dosing. Citrated plasma (0.38%) was prepared immediately after sampling and stored at -20°C until
analysis, and a PK profile was established based on FVlla clotting activity using a STACLOT commercial kit.

Figure 29. Shows that FVIla-CTP3 was produced following FVII selection, HA purification process and activation. FVlla-
CTP3 or NovoSeven® was administered in a single intravenous injection to FVIII-/- hemophilic mice. Blood samples were

drawn retro-orbitally at 0.083, 0.5 2, 8, 24, 48, and 72 hours post-dosing. Citrated plasma (0.38%) was prepared
immediately after sampling and stored at -20°C until analysis. Thrombin generation parameters were evaluated during the
PK experiment, and parameters including maximal amount to peak, amount of thrombin to time point and rate of thrombin
generation were evaluated.

Figure 30. Shows hemophilic mice survival curves post tail vain transection (TVT). TVT was performed (A) 15 min, (B) 24
hours or (C) 48 hours post administration. Mice Survival was observed for 24 hours after TVT and recorded every single
hour for the first 12 hours, and after 24 hours. Figure 33D summarizes mouse survival as recorded 24 hours post TVT.
Control group data (vehicle) is the sum of the 3 experiments with 5 mice/experiment.

Figure 31. Shows FVII - 3- CTP and FVII- 5 CTP immune-blots. A) blotted for GLA. B) blotted for FVlla. C) blotted for
CTP.

Figure 32. Shows a comparative PK profile-FVII 3 & 5 CTP- from select and HA column purification (FVIIS vs. FVII HA).
Figure 33. Shows a comparative PK profile-FVII 3 & 5 CTP-The second study (IV vs. SC).

Figure 34. Shows hemophilic mice survival curves post tail vain transection (TVT). TVT was performed 12 hours post SC
administration. Mice Survival was observed for 24 hours after TVT and recorded every single hour for the first 12 hours,
and after 24 hours.

Figure 35. Shows the PK profile of MOD-5014 vs. NovoSeven® following IV or SC administration. A) shows IV
administration; B) shows SC administration.

Figure 36. Shows the PK profile of MOD-5014 (Clone 61 #75, #81) vs. NovoSeven® following single SC administration.

DETAILED DESCRIPTION OF THE INVENTION

[0030] In one embodiment, the present invention provides long-acting coagulation factors and methods of producing and
using same. The long-acting coagulation factors comprise three carboxy terminal peptides (CTPs, also referred to as CTP
units) of human Chorionic Gonadotropin (hCG). In another embodiment, CTP acts as a protectant against the degradation
of a coagulation factor. In another embodiment, CTP extends the C,,5x of a coagulation factor. In another embodiment,

CTP extends the T gx Of a coagulation factor. In another embodiment, CTP extends the circulatory half-life of a

coagulation factor. It is disclosed that the CTPs enhance the potency of the coagulation factors.

[0031] In another embodiment, the invention provides a method of extending the biological half-life of a coagulation
factor, comprising the step of attaching three CTPs to the carboxy terminus of the coagulation factor, thereby extending
the biological half-life of the coagulation factor. In another embodiment, the present invention provides a method for
extending the circulatory half-life of a coagulation factor. In another embodiment, the present invention provides a method
for increasing the half-life of a coagulation factor. In another embodiment, the present invention provides a method for
extending the half-life of a coagulation factor.

[0032] Coagulation Factor VII (FVIl) is a 444 amino acid glycoprotein (50KDa) secreted by hepatocytes into the
bloodstream as an inactive pro-enzyme. Upon tissue injury and exposure to circulating blood, FVII forms a complex with
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Tissue Factor (TF) which is a true receptor protein to FVII and is expressed by various cells localized in the deeper layers
of the vessel wall. The formation of this FVII-TF complex leads to activation of FVII. Activated FVII (FVlla) initiates the
extrinsic coagulation pathway by activating Factor 1X and Factor X.

[0033] FVII belong to a group of Vitamin K-dependent glycoproteins associated with the coagulation system. Besides
FVII, this group consists of Factor IX, Factor X, Protein C and prothrombin. These proteins have similar domain
organizations and are synthesized as precursors with an N-terminal propeptide followed by a mature amino acid
sequence. The propeptide contains a docking site for gammacarboxylase which converts glutamic acids (Glu) into gamma
carboxy glutamic acids (Gla). This domain is followed by two epidermal growth factor-like (EGF) domains, a connecting
region (CR) and a C-terminal serine protease domain. Prior to secretion, FVII propeptide is cleaved forming a 406 amino
acid single chain zymogen FVII glycoprotein. After secretion, the protein can be activated into a disulfide-linked two chain
heterodimer, FVlla, by cleavage in the CR. The plasma concentration of FVII is 10 nM and approximately 1% circulates in
the active form in healthy individuals.

[0034] Factor IX (FIX) is a 415 Amino acid (55KDa) glycoprotein; it belongs to a group of vitamin K dependent
glycoproteins associated with the coagulation system. FIX has a similar domain organization as factor FVII, Factor X,
Protein C and prothrombin that are synthesized as precursors with an N-terminal propeptide followed by a mature amino
acid sequence.

[0035] FIX is secreted as a single chain molecule that undergoes complex post-transcriptional modifications, many of
which are critical to its biochemical and pharmacokinetic properties. Among all the post-transcriptional modifications, 12
glutamic acid residues near the amino terminus of FIX that are gamma carboxylated by the vitamin K-dependent gamma
carboxylase are the most crucial ones. Carboxylation is required for the interaction of FIX with the phospholipid surfaces
and for optimal FIX activity. The amino terminus propeptide serves as a recognition site for the gamma carboxylase and
thus, following gamma carboxylation, it is cleaved off by the Golgi apparatus serine protease known as Paired basic Amino
acid Cleave Enzyme (PACE/Furin). Four additional post-transcriptional modifications might occur at the Golgi apparatus:
sulfation of tyrosine 155, phosphorylation of serine 158, O-glycosylation on Ser 63 and on 61 and finally, N-glycosylation
on Asn 157 and 16, but were shown not to be necessary for proper activity of FIX.

[0036] FIX circulates in the plasma (average concentration of 5 pg/ml) as a single chain inactive zymogen. Upon
proteolytic cleavage at two peptide bonds: Arg 145 and Arg 180 by either one or two physiological activators, FVila-TF
complex or FIXa, the activation peptide is removed, converting FIX to a fully active enzyme consisting of a light and heavy
chain held together by a single disulfide bond. The N-terminal light chain contains the non-catalytic gamma
carboxyglutamic acid (Gla) and two epidermal growth factor-like domains, while the C-terminal heavy chain contains the
trypsin-like catalytic domain of the molecule. FIXa alone is characterized by poor catalytic activity. However when
complexed with FVIII, its proteolytic activity increase by 4-5 orders of magnitude towards its natural substrate FX.

[0037] In another embodiment, provided herein is a method of extending the biological half-life of or improving the area
under the curve (AUC) of a coagulation factor, comprising the step of attaching threeCTPs to the carboxy terminus of the
coagulation factor, thereby extending the biological half-life or improving the AUC of the coagulation factor. In another
embodiment, provided herein is a method of extending the biological half-life or a method of improving the area under the
curve (AUC) of FIX, comprising the step of attaching three CTPs to the carboxy terminus of the FIX, thereby extending the
biological half-life or improving the AUC of the FIX. In another embodiment, provided herein is a method of extending the
biological half-life or a method of improving the area under the curve (AUC) of FVII or FVlla, comprising the step of
attaching three CTPs to the carboxy terminus of FVII or FVlla, thereby extending the biological half-life or improving the
AUC of FVII or FVlla.

[0038] In another embodiment, the present invention provides a method of extending the biological half-life of a Factor IX
(FIX) polypeptide, comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides (CTPs) to the
carboxy terminus of said FIX polypeptide, thereby extending the biological half-life of said FIX polypeptide. In another
embodiment, the present invention further provides a method of extending the biological half-life of a Factor Vlla (FVlla)
polypeptide, comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides (CTPs) to the
carboxy terminus of said FVlla polypeptide, thereby extending the biological half-life of said FVIla polypeptide.

[0039] In another embodiment, the present invention provides a method of improving the area under the curve (AUC) of
a Factor IX (FIX) polypeptide, comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides
(CTPs) to the carboxy terminus of said FIX polypeptide, thereby improving the AUC of said FIX polypeptide. In another
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embodiment, the present invention provides a method of improving the area under the curve (AUC) of a Factor Vlla
(FVlla) polypeptide, comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides (CTPs) to
the carboxy terminus of said FVlla polypeptide, thereby improving the AUC of said FVlla polypeptide.

[0040] In another embodiment, a coagulation factor of the invention is a protein. In another embodiment, a coagulation
factor of the invention is a peptide. In another embodiment, a coagulation factor of the invention is a polypeptide. In
another embodiment, the coagulation factor is an enzyme. It is disclosed that the coagulation factor is a serine protease. It
is disclosed that the coagulation factor is a glycoprotein. It is disclosed that the coagulation factor is a transglutaminase. It
is disclosed that the coagulation factor is an inactive zymogen.

[0041] In an embodiment, the coagulation factor is Factor Vlla (FVIIa). In another embodiment, the coagulation factor is
Factor VII (FVIl). In another embodiment, the coagulation factor is Factor IX (FIX). In another embodiment, the
coagulation factor is Factor IXa (F1Xa).

[0042] In one embodiment of the invention, the coagulation factor is a glycoprotein.lt is disclosed that the coagulation
factor is a vitamin K-dependent glycoprotein.

[0043] In another embodiment of the invention, the coagulation factor is a recombinant protein. In another embodiment of
the invention, the coagulation factor is a recombinant glycoprotein. In another embodiment, the coagulation factor
comprises a signal peptide.

[0044] In another embodiment of the invention, the coagulation factor comprises three CTP repeats attached to the C-
terminus and no CTPs attached to the N-terminus..

[0045] In one embodiment, the present invention provides a CTP-modified Factor IX (FIX) polypeptide consisting of a FIX
polypeptide and three gonadotropin carboxy terminal peptides (CTPs) attached to the carboxy terminus of said CTP-
modified FIX polypeptide.

[0046] In another embodiment, the present invention further provides a CTP-modified Factor Vlla (FVlla) polypeptide
consisting of a FVlla polypeptide and three gonadotropin carboxy terminal peptides (CTPs) attached to the carboxy
terminus of said FVlla.

[0047] In another embodiment, the coagulation factor is synthesized as a precursor with an N-terminal propeptide. In
another embodiment, the coagulation factor as used herein is in an inactive pro-enzyme form. In another embodiment, the
coagulation factor is produced in hepatocytes. In another embodiment, the coagulation factor comprises a docking site for
gammacarboxylase which converts glutamic acids (Glu) into gamma carboxy glutamic acids (Gla). In another
embodiment, the coagulation factor as used herein is a commercially available coagulation factor.

[0048] In one embodiment, the nucleic acid sequence encoding Factor VII comprises the following nucleic acid sequence:
ctegaggacatgatcteccaggecctcaggetectetgecttctgctigggettcagggctgcetggctgeagteticgtaacecaggag
gaagcecacggegtectgeaceggegeeggegegecaacgegttectggageagetacggeegggeteectggagagggagtae
aaggageagcagtgctecttcgaggaggeccgggagatceticaaggacgeggagageacgaagetgtictggatttcttacagtgat
geggaccagtgtgcetcaagtecatgecagaatgggggctectgcaaggaccagetecagtectatatetgertetgeetecctgectte
gagggceggaactgigagacgeacaaggatgaccagetgatotgtgtgaacgagaacggeggctgtgageagtactgeagigacea
cacgggeaccaagegetectgteggtgecacgaggggtactetetgetggeagacggagtgtectgeacacccacagtigaatatee
atgtggaaaaatacctatictagaaaaaagaaatgecageaaaccecaaggecgaattgtgapoppcaaggtgteccecaaagppg
agtgtccatggoaggtectptigttepteaatggageteagttgtgtggggggaccetgatcaacaccatetgggipgptetecgeggec
cactgtttcgacaaaatcaagaactggaggaacctgatcgeggtoctggecpageacgacctcagegageacgacggggatgagea
gagceggegggtgacgeaggtcatcatccecageacgtacgteccgggeaccaccaaccacgacatcgegetgetecgectgeac
cageeegtggtectcacigaccitgtggtgeccetctgeetgeecgaacggacgiictelgagaggacgctggcettegtacgeticte
attggtcageggetggooccagetgctggacegtggegeeacggecctggageteatggteeteaacgtgecceggetgatgacee
aggactgectgeageagteacggaaggtgggagacteccecaaatatcacggagtacatgttctgtgecggctacicggatggcagea
aggactcctgcaaggggeacagtggaggeccacatgecacceactaccggggcacgtgatacetgacgggcatcgtcagetggeg
ceagggetgegeaacegtggeccactitggoototacaccagggtcteccagtacatcgagtggctocaaaagetcatgegetcaga

gecacgeccaggagtcetectgegageeccatttecetgaggatgeggeege (SEQ D NO: 11).
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[0049] In another embodiment, the amino acid sequence of Factor VII comprises the following amino acid sequence:
MVSQALRLLCLLLGLQGCLAAVFVTQEEAHGVLHRRRRANAFLEELRPGSLERECKE

EQCSFEEAREIFKDAERTKLFWISYSDGDQCASSPCONGGSCKDQLQS Y ICFCLPAFE
GRNCETHKDDQLICVNENGGCEQYCSDHTGTKRSCRCHEGYSLLADGVSCTPTVEY
PCGKIPILEKRNASKPQGRIVGGKVCPKGECPWQVLLLYVNGAQLCGGTLINTIWVVS
AAHCFDKIKNWRNLIAVLGEHDLSEHDGDEQSRRVAQVIIPSTY VPGTTNHDIALLRL
HQPVVLTDHVVPLCLPERTFSERTLAFVRFESLVSGWGQLLDRGATALELMVLNVPRL
MTQDCLQQSRKVGDSPNITEYMFCAGY SDGSKDSCKGDSGGPHATHYRGTWYLTGI
VSWGQGCATVGHFGVYTRVSQYIEWLQKLMRSEPRPGVLLRAPFP (SEQ ID NO: 9).

[0050] In another embodiment, the amino acid sequence of Factor VII comprises the following amino acid sequence:
MVSQAILRLLCLLLGLQGCLAAVFVTQEEAHGVL.HRRRRANAFLEELRPGSLERECKE

EQCSFEEAREIFKDAERTKLFWISYSDGDOQCASSPCQNGGSCKDQLQSYICFCLPAFE
GRNCETHKDBQLICVNENGGCEQYCSDHTGTKRSCRCHEGY SLLADGVSCTPTVEY
PCGKIPILEKRNASKPQGRIVGGK VCPKGECPWQVLLLVNGAQLCGGTLINTIWVVS
AAHCFDKIKNWRNLIAVLGEHDLSEHDGDEQSRRVAQVHIPSTY VPGTTNHDIALLRL
HQPYVLTDHYVPLCLPERTFSERTLAFVREFSLYSGWGQLLDRGATALELMVLNVPRL
MTQODCLQQSRKVGDSPNITEYMFCAGY SDGSKDSCKGDSGGPHATHYRGTWYLTGL
VSWGQGCATVGHFGVYTRVSQYIEWLQKLMRSEPRPGVLLRAPFP*GCGR (SEQ ID
NO: 10).

[0051] It is disclosed that the nucleic acid sequence encoding Factor VII-CTP (attached to the carboxy terminus)

comprises the following nucleic acid sequence:
ctegaggacatggrcteceaggecetcaggetcetetgectictgetigggcticagggetgectggetgeagicticgraacccaggag

gaageceeacggegtectgeaccggegeeggegegecaacgegtteetggaggagetocgaccggactceetggagagggagtec
aaggaggagcagtgctecticgaggaggecegggagatettcaaggacgeggagaggacgaagetgttetggatttettacagtgat
ggggaccagtgtecetcaagtecatgecagaatggggectectgeaaggaccagetecagtectatatetgettetgectecetgectte
gagggecggaacigigagacgeacaaggatgaccagetgatctgrgtgaacgagaacggeggctgtgageagtactgeagigacea
cacgggeaccaagegctectgteggtgecacgaggggtacteictgetggeagacggggtatectgeacacccacagttgaatatee
atgtggaaaaatacctatictagaaaaaagaaatgecageaaaccecaaggecgaattgtggepggocaaggigteccccaaagegg
agtgtceatggeaggteetgttgttggtgaatggageteagtigtgteggeggaccetgatcaacaccatetgggtggtetcegeggee
cactgtttcgacaaaatcaagaactggaggaacctgategeggtoctggocgagcacgaccteagegageacgacggggatgagea
gagecggcggatgocgcaggtcatcatccccageacgtacgtecegggeaccaccaaccacgacatcgegetgeteegectgeac
cagecegtggtectcacigaceargtggtgeccctetgectgeccgaacggacgticictgagaggacgetggecttegtgegeticte
attggtcageggetggggccagetgetggaccgtgpegecacggecetggageteatggtectcaacgtgececggetgatgacee
aggactgcetgeageagtcacggaaggtgggagactececaaatatcacggagtacatgttctgtgecgactacteggatggeagea
aggacteetgeangggggacagtggaggeccacatgecacceactaccggggeacgiggrace
tgaccggeatcgtgagetgegocecaggactpegceaccgtggeccacttcggegtotacaccagggtateccagtacatcgagteg
ctgcagaaactgatgagaagcgageccagacccggegtgetgetgagageccccticeccageageagetecaaggecectecece
tagcetgeecageectageagactgectgggeccagegacaceeccateetgeeccagtgaggateegeggecge  (SEQ  ID
NO: 12).

[0052] It is disclosed that the amino acid sequence of Factor VII-CTP (attached to the carboxy terminus) comprises the

following amino acid sequence:
MVSQALRLLCLLLGLQGCLAAVFVTQEEAHGVLHRRRRANAFLEELRPGSLERECKE

EQCSFEEAREIFKDAERTKLFWISYSDGDQCASSPCQNGGSCKDQLQSYICFCLPAFE
GRNCETHKDDQLICYVNENGGCEQYCSDHTGTKRSCRCHEGYSLLADGVSCTPTVEY
POGKIPTT EKRNASKPOGR IVOGK VOPKGECPWOVET TUNGAOI CCGOITIINTIWVVR
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AAHCFDKIKNWRNLIAVLGEHDLSEHDGDEQSRRVAQVIPSTYVPGTTNHDIALLRL
HQPVVLTDHVVPLCLPERTFSERTLAFVRFSLVSGWGQLLDRGATALELMVLNYVPRL
MTQDCLQQSRKVGDSPNITEYMFCAGY SDGSKDSCKGDSGGPHATHYRGTW YLTGI
VSWGQGCATVGHFGVYTRVSQYIEWLQKLMRSEPRPGVLLRAPFPSSSSKAPPPSLPS
PSRLPGPSDTPILPQ* (SEQ ID NO: 13).

[0053] It is disclosed that the nucleic acid sequence encoding Factor VII-CTP-CTP (attached to the carboxy terminus)

comprises the following nucleic acid sequence:
ctegaggacatgpteteccaggcecteaggctcetotgcetictgetiggeceticagggetecctggetgcagicticgtaacceaggag

gaagcccacggegtectgeaccggegeeggegegecaacgegttectggaggagetoegoccggecteectggagagggagtec
aaggaggagcagtgctccttcgaggaggccegggagatcticaaggacgeggagaggacgaagetgttctggatttcttacagtgat
gggpaccagtgtgectcaagtecatgecagaatgggegctectgeaaggaccagetecagectatatetgettetgecteeetgectte
gaggeccggaactgtgagacgeacaaggatgaccagetgatctgtgtgaacgagaacggeggetgtgageagtactgcagtgacca
cacgggeaccaagegcteetgteggtpecacgaggggtacictetgetggcagacggggatatcctgeacacceacagttgaatatee
atgtggaaaaatacctattctagaaaaaagaaatgccageaaaccccaaggecgaattgtggeooacaaggtgtgecccaaagggg
agtgtccatggcaggtectgtigttggigaatggagcetcagiigtotgggoopaccetgatcaacaccateigggtegtctcegeggcee
cactgtttcgacaaaatcaagaactggaggaacctgategeggtactggecgageacgacctcagegageacgacggggatgagea
gageeggeggatgocgeaggtcateatccccageacgtacgteccgggeaccaccaaccacgacategegetgetecgectgeac
cagcecgtggtecteactgaceatgtggtaccectetgectgeccgaacggacgtictctgagagacgctggecttegtacgettete
attggtcageggctgggaccagetgetggaccgiggegecacggecciggagetcarggicctcaacgtgeccoggetgatgacee
aggactgectgcageagtcacggaaggtgegagactccecaaatatcacggagacatgtictgtgceggetactcggatggeagea
aggactcetgeaagggggacagtggaggeccacatgeeacecactaccggggeacgtggtacetgaceggeategteagetggeg
ccaggeetgegecacegigggecacticggegtgtacaccagggtateccagtacatcgagtggetgcagaaactgatgagaageg
ageccagacecggegtgetgetgagageccecettceccageageagetccaaggeecctceceetageetgeccageectageaga
ctgeetgggecctecgacacaccaatectgecacagageagetectictaaggecectecteeateectgecateccecteecggetge

caggceeectetgacacecctatectgecteagtgatgaaggtetggatcegegeecge (SEQ ID NO: 14),

[0054] It is disclosed that the amino acid sequence of Factor VII-CTP-CTP (attached to the carboxy terminus) comprises

the following amino acid sequence:
MVYSQALRLLCLLLGLQGCLAAVFVTQEEAHGVLHRRRRANAFLEELRPGSLERECKE

EQCSFEEAREIFKDAERTKLFWISYSDGDQCASSPCONGGSCKDQLQSY ICFCLPAFE
GRNCETHKDDQLICYNENGGCEQYCSDHTGTKRSCRCHEGYSLLADGVSCTPTVEY
PCGKIPILEKRNASKPQGRIVGGKVCPKGECPWQVLLLYNGAQLCGGTLINTIWVVS
AAHCFDKIKNWRNLIAYLGEHDLSEHDGDEQSRRVAQVIIPSTY VPGTTNHDIALLRL
HOPVVLTDHV VPLCLPERTESERTLAFVRFSLVSGWGQLLDRGATALELMVLNVPRL
MTODCLQQSRKVGDSPNITEYMFCAGY SDGSKDSCKGDSGGPHATHYRGTWYLTGI

VSWGQGCATVGHFGVYTRVSQYIEWLQKLMRSEPRPGVLLRAPFPSSSSKAPPPSLPS
PSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPILPQ** (SEQ ID NO: 15).

[0055] In another embodiment, the nucleic acid sequence encoding Factor VII-CTP-CTP-CTP (attached to the carboxy

terminus) comprises the following nucleic acid sequence:
ctegaggacatggteteecaggeccteaggeteetetpecttetgettgggeticagggetgcctggetgeagtcttcgtaacccaggag

gaageecacggegtectgeaccggegeeggegegecaacgegttectggaggagetgcggccggactocctggagagggagtge
aaggaggagcagtgciccticgaggaggcecgggagatetticaaggacgepgagaggacgaagetgitetggatttcttacagtgat
gggogaccagtgtgcctcaagtecatgecagaatgggggctectgcaaggaceagetccagtectatatctgetictgectcectgectte
gagggecggaactgtgagacgeacaaggatgaccagetgatetgtgtgaacgagaacggeggetgtgageagtactgeagtgacea
cacgggeaccaagegctecigtoggiaccacgaggggtactetctgetggcagacgpggigtectgeacacecacagttgaatatee

atgtggaaaaatacctatictagaaaaaagaaatgecageaaaceccaaggecgaattgtggeaoocaaggtgtgccccaaagggy



agtgtccatggcaggtectgtigttggtgaatggageteagtigtgtggggegacectgatcaacaccatetgggtggtetecgeggee
cactgtttcgacaaaatcaagaactggaggaacctgatcgeggtectgggegageacgaccicagegageacgacggggatgagea
gageeggegggtgacgcaggtcatcatecccageacgtacgtecegggeaccaccaaccacgacategegetgeteegectgeac
cageccgtggtectcactgaccatgtggtacceetetgeetgeccgaacggacgtictctgagaggacgetggecttegtgogettete
attggtcageggctgggoccagetgetgpacogigpegecacggcectggagetcatggtecteaacgtgeeccggctpatgacce
aggactgectgeageagtcacggaaggtggoagactceecaaatatcacggagtacatgttctgtgccgactactcggatggeagea
aggactectgeaagggggacagtggaggcecacatgecacecactaccggggeacgtggtacctgaccggeatcgigagetgggg
ccagggetgegecacegigggecacticggegtgtacaccaggatetcccagtacatcgagtggetgcagaaactgatgagaageg
ageccagacceggegtgetgetgagageceecticeccageageagetccaaggececteeccctageetgeecageectageaga
ctgectgggeccagtgacaccectatectgecteagtecagetccageaaggececaccecctagectgecttctecttcteggetgect
ggeeccagegatactccaattctgecceagtectccageagtaaggeteeccctecatetctgecatcceccageagactgeeaggec

cttctgatacacccatceteccacagtgatgaggateegeggeegettaattaa (SEQ ID NO: 24).
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[0056] In another embodiment, the amino acid sequence of Factor VII-CTP-CTP-CTP (attached to the carboxy terminus)

comprises the following amino acid sequence:
MVSQALRLLCLLLGLQGCLAAVFVTQEEAHGVLHRRRRANAFLEELRPGSLERECKE

EQCSFEEAREIFKDAERTKLFWISYSDGDQCASSPCONGGSCKDQLOQSYICFCLPAFE
GRNCETHKDDQLICYNENGGCEQYCSDHTGTKRSCRCHEGYSLLADGVSCTPTVEY
PCGKIPILEKRNASKPQGRIVGGKVCPKGECPWQVLLLVNGAQLCGGTLINTIWVVS
AAHCFDKIKNWRNLIAVLGEHDLSEHDGDEQSRRVAQVIIPSTY VPGTTNHDIALLRL
HQPVVLTDHVVPLCLPERTFSERTLAFVRFSLVSGWGQLLDRGATALELMVLNVPRL
MTQDCLQQSRKVGDSPNITEYMFCAGYSDGSKDSCKGDSGGPHATHYRGTWYLTGI
VSWGQGCATVGHFGVYTRVSQYIEWLQKLMRSEPRPGVLLRAPFPSSSSKAPPPSLPS

PSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGP
SDTPILPQ** (SEQ ID NO: 25).

[0057] It is disclosed that, the nucleic acid sequence encoding Factor VII-(CTP), (attached to the carboxy terminus)

comprises the following nucleic acid sequence:
ctegaggacatggtcteccaggeecteaggetcetetgecttetgettgggeticagggetgectggetgeagtettegtaacccaggag

gaagcecacggegteetgeaccggegecggegegeecaacgegttectggaggagetgcgaccgggctecctggagagggagtee
aaggaggagcagtgetecttegaggaggeecgggagateticaaggacgeggagaggacgaagetgttetggatttcttacagtgat
gggpaccagtgtgcctcaagtocatgecagaatggggctectgeaaggaccagetecagtectatatetgettetgectecetgectte
gagggecggaactgigagacgeacaaggatgaccagetgatetgiglgaacgagaacggeggctgigageagtactgeagtgacea
cacgggeaccaagegeteetgteggtoccaegaggggtactetctgctggcagacgggatatectgeacaceceacagttgaatatee
atgtggaaaaatacctattctagaaaaaagaaatgecageaaaceccaaggecgaattgtggoggocaaggtgtgccecaaagggy
agtetccatggcaggtcetgattgttoatoaatggagctcagtigtatgg aggoacectgatcaacaccatetgggtgstctecgeggec
cactgtttcgacaaaatcaagaactggaggaacctgatcgeggtgctggocgageacgacctcagegageacgacggggatgagea
gageegpegggtggcgeaggteatcatccecageacgtacgteccgggeaccaccaaccacgacatcgegetgetocgectgeac
cageeegtggicetcactgaccatgiggtgeccotetgectgecegaacggangtictetgagaggacgetggecttegtacgettete
attggteagegectgggaccagetgetggacegtggegecacggecetggageteatggtecteaacgtgeccoggetgatgacee
aggactgectgeageagtcacggaaggtgggagactceccaaatatcacggagtacatgttctgtgecggctacteggatggeagea
aggactcctgeaagggooacagtggagacecacatgccacccactaccggggeacgtggtacetgaccggeategtgagctggegs
ccaggectgegecacegtgggecacttcggegtgtacaccagggtateccagtacatcgagtgactgcagaaactgatgagaageg
agcecagacceggegtgetgetgagagecceeticeccageageageteecaaggeecetececetageetgeceagecotageaga
ctgeetgggeccagtgacaccectatcetgeetcagtecagetccageaaggecccaccecetageetgecticteetteteggetgeet
ggceccagegatactccaatictgecceagtectecageagtaaggetececctecatetetgecatcecceageagactgecaggec

cttctgatacacceatecteccacagtgatgaggatecge (SEQ ID NO: 26).

[0058] It is disclosed that, the amino acid sequence of Factor VII-(CTP)4 (attached to the carboxy terminus) comprises



the following amino acid sequence:
LEDMVSQALRLLCLLLGLQGCLAAVFVTQEEAHGVLHRRRRANAFLEELRPGSLERE

CKEEQCSFEEAREIFKDAERTKLFWISYSDGDQCASSPCQNGGSCKDQLQSYICFCLP
AFEGRNCETHKDDQLICVNENGGCEQYCSDHTGTKRSCRCHEGY SLLADGVYSCTPT
VEYPCGKIPILEKRNASKPOQGRIVGGKVCPKGECPWQVLLLVNGAQLCGGTLINTIW
VVSAAHCFDKIKNWRNLIAVLGEHDLSEHDGDEQSRRVAQVIIPSTYVPGTTNHDIAL
LRLHQPVVLTDHVVPLCLPERTESERTLAFVRFSLVSGWGQLLDRGATALELMVLNV
PRLMTQDCLQQSRKVGDSPNITEYMFCAGY SDGSKDSCKGDSGGPHATHYRGTWYL
TGIVSWGQGCATVGHFGVYTRVSQYIEWLQKELMRSEPRPGYLLRAPFPSSSSKAPPPS

LPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLP
GPSDTPILPQ**G (SEQ ID NO: 27).
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[0059] It is disclosed that, the nucleic acid sequence encoding Factor VII-(CTP)s (attached to the carboxy terminus)

comprises the following nucleic acid sequence:
ctegaggacatggteteccaggeccteaggetectetgecttetgettggacticagggetgectggetgeagtettcgtaacecaggag

gaagccecacggegteetgeaccggegecggegegecaacgegticetggaggagetgeggecgggcteectggagagggagtec
aaggaggagcagtgetecticgaggaggeccgggagateticaaggacgegpagaggacgaagetgttctggatttcttacagtgat
ggggaccagtgtgectcaagtecatgecagaatggaeectectgecaaggaccagetecagtectatatetgettetgeetcectgectte
gagggoeggaactgigagacgeacaaggatgaccagetgatetgtgtgaacgagaacggegactgtgageagtactgeagtgacea
cacgggeaccaagegeteetgteggtoccacgagggetactetetgetggeagacggggtetectgeacacccacagttgaatatee
atgtggaaaaatacctattctagaaaaaagaaatgecageaaaccecaaggecgaattgtoggosgcaagotatoceecaaagggy
agtgtecatggcaggteetgttgttgatoaatggagcteagttgtgtygogogaceetgateaacacecatetggatagteteegeggee
cactgtttcgacaaaatcaagaactggaggaacctgatcgeggtectggecgageacgaccicagegageacgacggggatgagea
gagecggcgggtgecgcaggteatcatccccageacgtacgteccgggeaccaccaaccacgacatcgegetgctecgectgeac
cagceegtggtecticactgaccatgtggtaceceictgectgeecgaacggacgtictetgagaggacgetggecticgtgegetice
attggicageggotggggccagetgetggaccgtggegecacggecctiggageteatggtecteaacgtgecceggetgatgacce
aggactgectgeageagtcacggaaggtgggagactccccaaatatcacggagtacatgttctgtaccgactacteggatggeagea
aggactcctgeaagggggacagtggaggeecacatgecacceactaccggggeacgtggtacetgaceggeategtgagetgggg
ccagggctgegecaccgtgggccactteggegtgtacaccagggtgteccagtacatcgagtggctgcagaaactgatgagaageg
agcccagacceggegrgetgetgagageececttccccageageagetccaaggeecctececctagectgeccagecctageaga
ctgectgggeccetctgacaceccetatectgeetcagtecagetectetaaggeiccaccaceticectgectageecticaagactgeca
ggccetagegatacaceaattetgeeccagtectecageageaaggcetoecceacetagectgeetteteeatcaaggetgeetggee
catccgataceccaattitgcctcagageagetctageaaggcaceteceeceagietgecetctecaageagacteectggeectica
gacactceaatcetcccacagtectetagetctaaagetecaceteccagectgeccageectagtagactecccggacetictgatace

cecatettgecceagtgatgaggateege (SEQ ID NO: 28).

[0060] It is disclosed that, the amino acid sequence of Factor VII-(CTP)5 (attached to the carboxy terminus) comprises

the following amino acid sequence:
LEDMVSQALRLLCLLLGLQGCLAAVFVTQEEAHGVLHRRRRANAFLEELRPGSLERE

CKEEQCSFEEAREIFKDAERTKLEFWISY SDGDQCASSPCONGGSCKDQLQSYICFCLP
AFEGRNCETHKDDQLICVNENGGCEQYCSDHTGTKRSCRCHEGY SLLADGVSCTPT
VEYPCGKIPILEKRNASKPQGRIVGGKVCPKGECPWQVLLLVNGAQLCGGTLINTIW
VVSAAHCFDKIKNWRNLIAVLGEHDLSEHDGDEQSRRVAQVIIPSTY VPGTTNHDIAL
LRLHQPVVLTDHVVPLCLPERTESERTLAFVRESLVSGWGQLLDRGATALELMVLNV
PRLMTQDCLQQSRKVGDSPNITEYMECAGY SDGSKDSCKGDSGGPHATHYRGTWYL

TGIVSWGQGCATVGHEGVYTRVSQYIEWLQKLMRSEPRPGVLLRAPFPSSSSKAPPPS
LPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLP
GPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPIL
PQ*+GS (SEQ ID NO: 29).
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[0061] In another embodiment, the nucleic acid sequence encoding Factor IX comprises the following nucleic acid

sequence:
gegatcgeeatgeagegegtgaacatgatcatggeagaatcaccaggecteatcaceattgecttttaggatatetactcagtgetgaat

gtacagtttttcttgatcatgaaaacgccaacaaaatictgaatcggecaaagaggtataaticaggtaaattggaagagtttgticaaggg
aacctigagagagaatgtatgeaaganaagtgtagtittgaagaageacgagaagtitttgaaaacactgasagaacaactgaattttgg
aageagtatgttgatggagatcagtgtgagtecaatecatgittanatggeggeagttgeaaggatgacattaattectat gaatgttggtg
teectttgpatttpaaggaaagaactgteaattagatgtaacatgtaacattaagaatggcagatgegageagtittptaanaatagtact
ataacaaggtgetttgctectgtactgaggpatatcgacttgeagaaaaccagaagtectgtgaaccageagtgecatttccatgtggaa
gagtitetgtitcacaaactictaagetcaccegtgctgagactgtititcetgatgtogactatgtaaatictactgaagelgaaaccattttg
gataacatcactcaaagcacccaatcatttaatgacttcactcgagtegttggtggagaagatgccaaaccaggteaattcecttggeag

gttgttttgaatggtaaagttgatgcattetgtggaggcictatcgtiaatgaaaaatggattgtaactgetgeecactgtgttgaaactggtg
ttaaaattacagtigtcgeaggtgaacataatattgaggagacagaacatacagageaaaagegaaatgtgattcgaattattectcacca
caactacaatgcagetattaataagtacaaccatgacattgeccttetggaactggacgaacecttagtgetaaacagetacgttacacet
atttpcattgetgacaag gaatacacgaacatcttcctcaaatttggatctggctatgtaagigpctggggangagicticcacaaaggga
gatcagetttagttctceagtaccttagagttceacttgttgaccgagecacatgtettcgatctacaaagttcaccatetataacaacatgtt
ctgtgctggettccatgaaggaggtagagattcatgtcaaggagatagtgeggoaccccatgttactgaagtggaagggaccagtttet
taactggaattattagctggggtgaagagtgtecaatgaaaggcaaatatggaatatataccaaggtateccggtatgtcaactggattaa
geagdadacaaageteacttgaacgeggecee (SEQ ID NO: 16).

[0062] In another embodiment, the amino acid sequence of Factor |X comprises the following amino acid sequence:

MQRVYNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSGKLEEFVQG
NLERECMEEKCSFEEAREVFENTERTTEFWKQY VDGDQCESNPCLNGGSCKDDINSY
ECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCSCTEGYRLAENQKSCE
PAVPFPCGRVSVSQTSKLTRAETVFPDVDYVNSTEAETILDNITQSTQSFNDFTRVVG
GEDAKPGQFPWQVVLNGKVDAFCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIE
ETEHTEQKRNVIRIIPHHNYNAAINKYNHDIALLELDEPLVENSYVTPICIADKEYTNIF
LKFGSGYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKFITYNNMFCAGFHE
GGRDSCQGDSGGPHYVTEVEGTSFLTGHSWGEECAMKGKYGIYTKVSRYVNWIKEKT
KLT* (SEQ ID NO: 17).

[0063] It is disclosed that the nucleic acid sequence encoding Factor IX-CTP (attached to the carboxy terminus)

comprises the following nucleic acid sequence:
gegategecatgeagegegtoaacatgateatggeagaatcaceaggecteateaccatetgeettitaggatatetactcagtgetgaa

tgtacagtitttctigatcatgaaaacgecaacaaaatictgaatcggecaaagaggtataattcaggtaaatiggaagagtttettcaagg
gaaccitgagagagaatgtatggaagaaaagtgtagittigaagaagcacgagaagttittgaaaacactgaaagaacaactgaattttg
gaaglagtatgttgatggagatcagtgtgagtccaatecatgtitasatggeggeagttecaaggatgacattaattectatgaatgtg ot
gteectttggatttgaaggaaagaactgtgaattagatgtaacatgtaacattaagaatggeagatgegageagttttgtaaaaatagtgct
gataacagggtgstttgctectgtactgagggatatc gacttgeagaaaaccagaagtectgtgaaccageagtgecatttecatgtggn
agagtitetgtitcacaaacttctaagetcaccegtgotgagactgtttticetgatgtggactatgtaaatictactgaagetgaaaccatttt
ggataacatcactcaaageacccaatcatttaatgacticactegagttgttggtggagaagatgecaaaccaggicaaticecttggea

gettottttgaatggtaaagtigatgcatictgiggagoctetategttaatgaaaaalggattgtaactgetgeccactgtgtigaaactggt
gttagaattacagttgtcgeaggtgaacataatattgageagacagaacatacagageaaaagegaaatgtgattegaattattcetcac

cacaactacaatgeagetattaataagtacaaccatgacattgecctictggaactggacgaaccettagtgetaaacagetacgttacac
ctatttgcattgetgacaaggaatacacgaacatettectcaaatttggatetggctatgraagtggetggggaagagicticcacaaagg

gagatcagctttagttcticagtacettagagttccacttgttgaccgageeacatgtettcgatctacaaagttcaceatctataacaacatg
tretgtgctgglticcatgaaggaggtagagattcatgtcaaggagatagtgggooaceccatgttactgaagtggaagggaccagtit

cttaactggaattattagetggogtgaagagtgtgeaatgaaaggeasatatggaatatataccaaggtatcccggtatgtcaactggatt

aagganaasacaaageteactagetecageageaaggecectceceegagectgecctecceaageaggetgectgggecctecga
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€ACACCAAICCIZCCacagigalgaaggIciggalccgeggccge (duY W NUL 151,

[0064] It is also disclosed that the amino acid sequence of Factor IX-CTP (attached to the carboxy terminus) comprises

the following amino acid sequence:
MOQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSGKLEEFVQG

NLERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESNPCLNGGSCKDDINSY
ECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCSCTEGYRLAENQKSCE
PAVPFPCGRVSVSQTSKLTRAETVFPDVDYVNSTEAETILDNITQSTQSENDFTRVVG
GEDAKPGQFPWQVVLNGKVDAFCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIE
ETEHTEQKRNVIRIIPHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEY TNIF
LKFGSGYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKFTIYNNMFCAGFHE
GGRDSCQGDSGGPHVTEVEGTSFLTGHSWGEECAMKGKYGIYTKVSRY VNWIKEKT
KLTSSSSKAPPPSLPSPSRLPGPSDTPILPQ** (SEQ ID NO: 19).

[0065] It is disclosed that the nucleic acid sequence encoding Factor IX-CTP-CTP (attached to the carboxy terminus)

comprises the following nucleic acid sequence:
gegategecatgeagegegtgaacatgatcatggeagaatcaccaggecteatcaccatetgecttttaggatatctacteagtgetgaa

tgtacagtttttcttgatcatgaasacgecaacaaaatictgaateggecaaagaggtataattcaggtasatiggaagagtitgticaagg

gaaccttgagagagaatgtatggaagaaaagtetagttttpangaageacgagaagtttttgaaaacactgaaagaacaactgaatitte
gaageagtatgttgatgeagatcagtgtoagtccaatccatgtttaaatggeggeagtigeaaggatgacattaattectatgaatgttgat
gteectttggatttgaaggaaagaactgtgaattagatgraacatgtaacatiaagaatggeagargegageagtittgtaaaaatagrget
gataacaaggtggtttgctectgtactgagggatatc gacttgeagaaaaccagaagtectgtgaaccagcagtgceatitecatgtgga
agagtttctgtitcacaaactictaagetcacecgtgctgagactgtiitiectgatgtg gactargtaaatictactgaagetgaaaceatttt
ggataacatcactcaaageacccaatcatttaatgacttcactcgagttgttagtggagaagatgecaaaccaggteaatteecttgeca

gattattitzaatggtaaagitgatgcatictgtpgagactetategitaatgaagaatggattgtaactgctgeccactgtgitgaaactggt
gttaaaattacagttgtcgeaggtgaacataatattgaggagacagaacatacagagcaaaagcgaaatgtgattcgaattattcctcac

cacaactacaatgcagctattaataagtacaaccatgacattgeccttetggaactggacgaaccettagtgctaaacagcetacgitacac
ctatttgeattgctacaaggaatacacgaacatcttceteaaatttggatctggetatgtaagtggetggggaagagtettccacaaaggg

agatcagctttagttcttcagtaccttagagttceactigtigaccgagecacatgtetticgatctacaaagticaccatctataacaacatgt

tetgtactgecttccatgaaggaggtagagaticatgtcaaggagatagtgesooaceccatgtiactgaagtogaaggeaccagtitc
ttaactggaattattagetggegtgaagagtgtgcaatganaggeaaatatggaatatataccaaggtatcccggtatgtcaactggatta
aggaaaaaacaaagetcactagetccageageaaggeccetececegagectgecetecccaageaggctgectggaccetecgac
acaccaatectgecacagageagetectctaaggeecetectecateectgecatececcteceggetgectggeccetetgacaceee

tatcetgeeteagtgatgaaggtetggatecgeggeege (SEQ TD NO: 20).

[0066] It is also disclosed that the amino acid sequence of Factor IX-CTP-CTP (attached to the carboxy terminus)

comprises the following amino acid sequence:
MQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSGKLEEFVQG

NLERECMEEKCSFEEAREVEENTERTTEFWKQYVDGDQCESNPCLNGGSCKDDINS Y
ECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSADNKY VCSCTEGYRLAENQKSCE
PAVPFPCGRVSVSQTSKLTRAETVEPDVDY VNSTEAETILDNITOSTQSENDFTRVVG
GEDAKPGOFPWQVVLNGKVDAFCGGSIVNEKWIVTAAHCVETGVYKITVY AGEHNIE
ETEHTEQKRNVIRIIPHHNYNAAINK YNHDIALLELDEPLVLNS Y VTPICIADKEY TNIF
LKFGSGYVSGWGRVPHKGRSALVLOYLRVPLVDRATCLRSTKETIY NNMFCAGEHE
GGRDSCQGDSGGPHV TEVEGTSFLTGISWGEECAMKGKYGIY TKVSRYVNWIKEKT
KLTSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPILPQ**
{SEQ ID NO: 21).

[0067] In another embodiment, the nucleic acid sequence encoding Factor IX-(CTP)3 (attached to the carboxy terminus)



comprises the following nucleic acid sequence:
fctagagtcgaccccgecatgcagegegtgaacatgatcatggcagaatcaccaggectecatcaceatetgectittaggatatetacte

agtgctgaatgtacagttiticttgatcatgaaaacgecaacaaaattctgaatcggecaaagagetataattcaggtaaattggaagagtt
tgticanggoaacettgagagagaatgtatggaagaaaagtgtagtittgaagaagcacgagaagtittiganaacactgaaagaacaa

ctgaattttggaageagtatgttgatggagatcagtgtgagtecaateeatgtitanatggeggeagtigeaaggatgacattaattcctat

gaatgttestetcectttggatttgaaggaaagaactgtgaattagatgtaacatgtaacattaagaatg ecagatecgagcagtittgtaa
aaatagtgctgataacaaggtpatitgctectgtactgagggatatcgactigeagaaaaccagaagteetgtgaaccageagtgecatt
tecatgtggaagagtttctgtticacaaacttetaagetcaccegtgetgaggeagtttttectgatgtggactatgtaaattctactgaaget
gaaaccattttggataacatcactcaaageacccaateatttaatgacttcactegagttgtig gtopagaagatgccagaccaggtcaat
teeettggeaggttgttttgaatgotaaagttgatgcattctgtggaggctetatcgttaatgaaaaatggattgtaactgetgeccactggt
tganactggtgttaaaattacagttgtcgeaggrpaacataatattgaggagacagaacatacagagcaaaagegaaatgigaticgaat
tattcctecaccacaactacaatgcagetattaataagtacaaccatgacattgecctictggaactggacgaacccttagtgctaaacaget
acgttacacctatttgcattgctgacaaggaatacacgaacatcticctcaaatttggatctggetatgtaagtggctggggaagagiettc
cacaaagggagatcagetttagttcticagtaccttagagttceacttgtigacegageeacatgtcttcgatctacaaagtteaccatctat
aacaacatgtictgtgetggcticcatgaaggaggtagagattcatgtcaaggagatagtgeeggaccecatgttactgaagtggaagy
gaccagtttcttaactggaattattagetggegtgaagagrgtecaatgaaag gcaaatatggaatatataccaaggtatceeggratgte
aactggattaaggaaaaaacaaagetcactagetccageageaaggocceicececgagectgecciccccaageaggetgectgg

geccagtgacaccectatectgeetcagtecagetecageaaggecccaceeectageetgectictectteteggetgentggeceea
gegatactecaatictgecceagtectecageagtaaggetecceetecatetctgecatececcageagactgecaggecctictgata

cacceatecteccacagtgatgaggatecgeggeege (SEQ ID NO: 30).
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[0068] In another embodiment, the amino acid sequence of Factor IX-(CTP)3 (attached to the carboxy terminus)

comprises the following amino acid sequence:
MORVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSGKLEEFVQG

NLERECMEEKCSFEEAREVFENTERTTEFWKQY VDGDQCESNPCLNGGSCKDDINSY
ECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCSCTEGYRLAENQKSCE
PAVPFPCGRVSVSQTSKLTRAEAVFPDVDY VNSTEAETILDNITQSTQSENDFTRVVG
GEDAKPGQFPWQVVLNGKVDAFCGGSTVNEKWIVTAAHCVETGVKITYVAGEHNIE
ETEHTEQKRNVIRIIPHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNIF
LKFGSGYVSGWGRVFHKGRSALVLOYLRVPLVDRATCLRSTKFTIYNNMFCAGFHE
GGRDSCQGDSGGPHVTEVEGTSFLTGUSWGEECAMKGKYGIYTKVSRYVNWIKEKT
KLTSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSS
KAPPPSLPSPSRLPGPSDTPILPQ** (SEQ 1D NO: 31).

[0069] It is disclosed that the nucleic acid sequence encoding Factor IX-(CTP)4 (attached to the carboxy terminus)

comprises the following nucleic acid sequence:
tetagagtegaccecgecatgeagegegtgaacatgatcatggeagaatcaccaggecteatcaccatetgeettttaggatatetacte

agtgctgaatgtacagttittctigatcatgaaaacgecaacaaaatictgaatcggecaaagaggtataaticaggtaaattggaagagit
tgttcaagggaaccttgagagagaatgtatggaagaanagtgtagttttgaagaageacgagaagtttitgaaaacactgaaagaacaa
ctgaattttggaagcagiatgttgatggagatcagtgteagtccaatecatgtitaaatggeggeagttgeaaggatgacattaatteetat

gaatgttgotetecetttggatttgang gasagaactgtgaattagatgtaacatgtadcattaagaatggeagatgegageagttitgtas

aaatagtgctgataacaaggtggtttgetectgtactgagggatatcgacttgecagaaaaccagaagtcctgtgaaccageagtgeeatt
tccatgtggaagagttictgtitcacanactictaagetcaccegtgctgaggcagttittcetgatgrggactatgtaaattetactgaaget
gaaaccattitggataacatcactcaaageacccaateatttaatgacticactcgagitgttggtggagaagatgecaaaccaggteaat
tceettggeaggttgttitgaatggtaaagitgatgcattetgtggaggctctategttaatgaaaaatggattgtaactgctgcecactgtat

tgaaactggtettaaaattacagttgtcgcaggtgaacataatattgaggagacagaacatacagageaaaagegaaatgtgattcgaat

tattcetcaccacaactacaatgeagetattaataagtacaaccatgacattgecctictggaactggacgaaccettagtgetaaacaget
acgttacacetatttgeattgctgacaaggaatacacgaacateticctcaaatitggatetggetalgtaagiggctggegaagagictic

cacaaagggagatcagetitagttcticagtacettagagticeacttgttgaccgagecacatgicttc gatctacaaagttcaccatetat



aacaacatgtictgtgeiggcticcatgaaggaggtagagattcatgtcaaggagatagtggpgoaceccatgttactgaagtggaagg
gaccagtitettaactggaattattagetggegtgaagagtgtecaatpaaaggcaaatatggaatatataccaaggtatcceggtatgte
aactggattaaggaaaaaacaaagcteactageteecageageaaggecectececegageetgecctecceaageaggetgectgg
gecctetgacaccectatectgectcagtccagetectetaaggeeceaccaccettccetgectageecttcaagactgecaggecctag
cgatacaccaatictgeeccagtectecageageaaggeicceccacctagectgectictecatcaaggetgectggeecatecgata
ccceaattttgectcagageagetetageaaggeacctececceagtetgeectetccaageagactecetggeccttcagacacteee

attctgecacagtgatgaggatecgeggeege (SEQ ID NO: 32).
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[0070] It is disclosed that the amino acid sequence of Factor IX-(CTP),4 (attached to the carboxy terminus) comprises the

following amino acid sequence:
SRVDPAMQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKR YNSGKL

EEFVQGNLERECMEEKCSFEEAREVFENTERTTEFWKQY VBGDQCESNPCLNGGSC
KDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCSCTEGYRLA
ENQKSCEPAVPFPCGRVSVSQTSKLTRAEAVFPDVDY VNSTEAETILDNITQSTQSEN
DFTRVVGGEDAKPGQFPWQVVLNGKVDAFCGGSIVNEKWIVTAAHCVETGVKITVV
AGEHNIEETEHTEQKRNVIRIIPHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIAD
KEYTNIFLKFGSGYVSGWGRVFHKGRSALVLQYLRVPLYDRATCLRSTKEFTTY NNMF
CAGFHEGGRDSCQGDSGCGPHYTEVEGTSFLTGIISWGEECAMKGKYGIYTKVSRYVN
WIKEKTKLTSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPIL
PQSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPILPQ**GSA
A (SEQ ID NO: 33).

[0071] It is disclosed that the nucleic acid sequence encoding Factor IX-(CTP)5 (attached to the carboxy terminus)

comprises the following nucleic acid sequence:
ctagagtcgacceegecatgeagegegtgaacatgatcatggeagaatcaccaggecteateaceatcigeettttaggatatetactca

gtectgaatgtacagtttttettgatcatgaaaacgecadcaaaattcteaatcggecanagaggtataaticaggtaaattggaagagttt
gttcaagggaaccttgagagagaatgtatggaagaaaagtgtagitttgaagaagcacgagaagtitttgaaaacactgaaagaacaac

tgaattitggaagcagtatgttgatggagatcagtgtgagtccaatceatgtttaaatggeggeagttgcaaggatgacattaattectatg

aatgitggtatecctitggatttgaaggaaagaactgigaattagatgtaacatgtaacattaagaatggeagatgegageagtittgtana
agtagtectgataacaaggtggttigctectgtactgagggatatcgacttgeagaaaaccagaagtectgtgaaccageagtgecattt
ccatgtggaagagtttctgtttcacaaacttctaagetcacccgtgetgaggeagtttttcctgatgtggactatgtaaattctactgaagetg
aaaccattttggataacateactcaaageacccaateatttaatgacticactegagttgttggtggagaagatgccaaaccaggteaatic
ccttggcagattgttttpaatggtaaagtigatgcattctatggag getctategttaatgagaaatggattgtaactgctgcecactgrgttg
aaactggtgttaaaattacagtigtcgcaggtgaacataatattgaggagacagaacatacagageaaaageganatgtgattcgaatta
ttcetcaccacaactacaatgeagetattaataagtacaaccatgacattgecctictggaactggacgaacecttagtgetaaacageta
cgttacacctatitgcattgetgacaaggaatacacgaacatcttcctcaaatitggatctggetatgtaagtggctgggoaagagictice
acaaaggeagatcagetttagtteticagtaccttagagticcactigttgacegagecacatgtettcgatetacaaagttcaccatetata
acaacargtictgtgctggoticcatgaaggagptagagaticatgicaaggagatagtgggppaccecatgitactgaagtgpaages
accagfticttaactggaattattagctggegtoaagagtotgcaatgaaaggcaaatatggaatatataccaaggtatcccggtatgtca
actggattaaggaaaaaacaaagctcactagetccageageaaggeccctecececgagectgecctececaageaggetgectggeg
ccctetgacaccectatectgecteagtecagetectetaaggetecaceacettcectgeetageceticaagactgecaggecctage
gatacaccaattctgececagicetecageagcaageciceeccacctagectgectictecatcaaggergcetggcccateegatac
ceeaattrtgcctcagageagetetageaaggeaccteceeecagietgecctetccaageagactecctggeccttcagacactecaat
ecteceacagiectetagetetaaagetceaceteecagectgeccageectagtagactecceggacettetgataceeccatettgee

ccagtgatgaggatccgeggecge (SEQ ID NO: 34),

[0072] It is disclosed that the amino acid sequence of Factor IX-(CTP)5 (attached to the carboxy terminus) comprises the

following amino acid sequence:
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KVUPANYVNVIIVIALIFULLLICLIAI T LIARA 1 ¥ FLITICIN AN RLNISE IR TINOURL
EEFVQGNLERECMEEKCSFEEAREVFENTERTTEFWKQY VDGDQCESNPCLNGGSC
KDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCSCTEGYRLA
ENQKSCEPAVPFPCGRVSVSQTSKLTRAEAVFPDVDY VNSTEAETILDNITQSTQSEN
DFTRVVGGEDAKPGQFPWQVVLNGKVDAFCGGSIVNEKWIVTAAHCVETGVKITVV
AGEHNIEETEHTEQKRNVIRIIPHHNYNAAINKYNHDIALLELDEPLVLNSY VTPICIAD
KEYTNIFLKFGSGYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKFTTYNNMF
CAGFHEGGRDSCQGDSGGPHVTEVEGTSFLTGIISWGEECAMKGKYGIYTKVSRY VN
WIKEKTKLTSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPIL
PQSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSK
APPPSLPSPSRLPGPSDTPILPQ**GSAA (SEQ 1D NO: 35).
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[0073] In another embodiment, furin may be added to a cell expressing the coagulation factor-CTP of the invention. It is
disclosed that furin increases the production efficiency of a coagulation factor-CTP of the invention in a cell. In another
embodiment, furin is co-transfected with the vector comprising the coding sequence of the coagulation factor-CTP of the
invention. In another embodiment, furin is encoded by a separate vector. In another embodiment, furin and a coagulation
factor-CTP are encoded by one vector. In another embodiment, the coding sequence of furin is inserted into pCI-DHFR. In
another embodiment, the coding sequence of furin is engineered in pCl-dhfr/smal+Notl, Furin/Asisl F.|.+Notl.

[0074] The nucleic acid sequence encoding furin comprises the following nucleic acid sequence:

tetagagtcgaccecgecatggagetgaggecctggttgctatgggtgetageageaacaggaacettggtectgetageagetgatg
ctcagggcecagaaggtcticaccaacacgtggectgtpegeatecctggaggeccageggtggecaacagtgiggcacggaageat
gggttectcaacctgggecagateticggggactattaceactictggeatcgaggagtgacgaageggteectgtegecteacegeee
geggcacagecgoctgcagagggageetcadgtacagtggctogaacageaggatogcaaagcgacggactaaacgggacgtgta
ccaggageecacagaceecaagtttecteageagtggtacetgtetggtgteactcagegggacctgaatgtgaaggcggcctggac
gcagggctacacagggcacggeatigtggtetecattctggacgatggcategagaagaaccacecggactiggeaggcaattatgat
cotgggeccagtttgatgtcaatgaccaggaccetgacceccagecteggtacacacagatgaatzacaacagecacggcacacgg
tgtgeggogpaagtgoctacggtgoccaacaacggtgtctgtgptataggtgtggoctacaacgeecgeattggaggoatpcgeatg
ctggatggcgaggigacagatgeagtggaggcacgetegetgggectgaaccecaaceacatceacatctacagtgecagetgggg
cececgaggatgacggeaagacagtggatgggccageecgectcgeegaggaggecticttcegtggggttapecagggecgagg
ggoectgegactecatetitgtetgggecteggggaacggeggccgggaacatgacagetgeaactgegacggetacaceaacagta
fctacacgetgtecatcageagegecacgeagtitggraacgtgccgtggtacagegagecctgetcgtecacactggecacgaccta
cagcagtggcaaccagaatgagaageagatcgtgacgactgacttgeggcagaagtgeacggagtetcacacgggcaccteagect
ctgeccecttageagecggceateattgcteteaccetggaggecaataagaacetcacatggegggacatgeaacacctggtggtaca
gacctegaageeageecaccteaatgecaacgactgggecaccaatggtgtgggecggaaagtgageeacteatatggetacggge
ttttggacgcaggcgecatggtggocctggeccagaattggaccacagtggecceecageggaagtgeatcatcgacatecteaceg
ageccanagacatcgggaaacggetcgaggigeggaagacegigacegegtgectgggegageecaaccacateacteggcteg
agcacgctcaggegeggeteaccctgtectataatcgeegtggcgacctggecatecacetggteagecceatgggeacecgeteca
ceotgetggeagecaggecacatgactactcegeagatg getttaatgactgggcettcatgacaacteattectgggatgaggatceet
ctggepagtgggtectagagatigaaaacaccagegaagecaacaactatgggacgetgaccaagticacectegtactetatggeac
cgeecctgaggggetgeecgtacciceagaaageagtggetgeangaccctcacgtceagicaggectgtgtggtatocgaggaag
gettctecctgeaccagaagagcetgtgtccageactgecetccaggettcgeeceecaagtectegatacgeactatageaccgagaat
gacgtggagaccaicegggecagegiergegececeigecacgecteatgtgecacatgecaggggecggecctgacagactgect
cagetgecccagecacgectectiggaccetgtggageagacttgeteceggedaagecagageagecgagagteceegeeacag
cageagecacctcggetgeoceccggagatggaggeggegcaacggetgegggcaggectgetgecctecacacetgectgaggtg
gtggccggccteagetgegeeticategtgetggtettegteactgtettecctggtectgeagetgegetctggotitagtittcggpooot
gaaggtgtacaccatggacegtggecteatetcctacaaggggetgeecectgaagectggeaggaggagtgeccgtetgactcaga

agaggacgaggeccgggacgagaggaccgeetitaicaaagaccagagegeectetgaacgeggeege (SEQ 1D NO:
22).
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[0075] The amino acid sequence of furin comprises the following amino acid sequence:
MELRPWLLWVVAATGTLVLLAADAQGQKVFINTWAVRIPGGPAVANSVARKHGFL

NLGQIFGDYYHFWHRGVTKRSLSPHRPRHSRLOREPQVOWLEQQVAKRRTKRDVY
QEPTDPKFPQQWYLSGVTQRDLNVKAAWAQGYTGHGIVVSILDDGIEKNHPDLAGN
YDPGASEDVNDQDPDPQPRY TQMNDNRHGTRCAGEVAAVANNGVCGVGVAYNAR
IGGVRMLDGEVTDAVEARSLGLNPNHIHIY SASWGPEDDGKTVDGPARLAEEAFFRG
VSQGRGGLGSIFVWASGNGGREHDSCNCDGYTNSIYTLSISSATQFGNVPWYSEACS
STLATTYSSGNONEKQIVTTDLRQKCTESHTGTSASAPLAAGITALTLEANKNLTWRD
MQHLVVQTSKPAHLNANDWATNGVGRKVSHSYGYGLLDAGAMVALAQNWTTVA
PQRKCIDILTEPKDIGKRLEVRKTVTACLGEPNHITRLEHAQARLTLSYNRRGDLATH
LYSPMGTRSTLLAARPHDYSADGENDWAFMTTHSWDEDPSGEW VLEIENTSEANNY
GTLTKETLVLYGTAPEGLPVPPESSGCKTLTSSQACVVCEEGFSLHQKSCVQHCPPGF
APQVLDTHYSTENDVETIRASVCAPCHASCATCQGPALTDCLSCPSHASLDPVEQTCS
RQSQSSRESPPQQOPPRLPPEVEAGQRLRAGLLPSHLPEVVAGLSCAFIVLVFVTVFELV
LOLRSGFSFRGVKVYTMDRGLISYKGLPPEAWQEECPSDSEEDEGRGERTAFIKDQSA
L* (SEQ ID NO: 23).

[0076] In one embodiment, the term coagulation factor further includes a homologue of the coagulation factor which has
a coagulating activity. In some embodiments, homology according to the present disclosure also encompasses deletion,
insertion, or substitution variants, including an amino acid substitution, thereof and biologically active polypeptide
fragments thereof. In one embodiment, the variant comprises conservative substitutions, or deletions, insertions, or
substitutions that do not significantly alter the three dimensional structure of the coagulation factor. In another
embodiment, the deletion, insertion, or substitution does not alter the function of interest of the coagulation factor, which in
one embodiment, is binding to a particular binding partner.

[0077] In another embodiment, the disclosure includes a homologue of a coagulation factor having functional binding. In
another embodiment, homologues e.g., are polypeptides which are at least 70%, at least 75%, at least 80%, at least 85%,
at least 87%, at least 89%, at least 91%, at least 93%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% homologous to the coagulation factor as determined using BlastP software of the National Center of Biotechnology
Information (NCBI) using default parameters.

[0078] In another embodiment, provided herein is a polypeptide consisting of a coagulation factor and three CTPs
attached to the carboxy terminus of the coagulation factor.

[0079] It is to be understood that the compositions and methods of the present invention comprising the elements or
steps as described herein may consist of those elements or steps, or consist of those elements or steps. In some
embodiments, the term "comprise" refers to the inclusion of the indicated active agent, such as the CTP-modified
coagulation factor, as well as inclusion of other active agents, and pharmaceutically acceptable carriers, excipients,
emollients, stabilizers, etc., as are known in the pharmaceutical industry. In some embodiments, the term "consisting
essentially of' refers to a composition, whose only active ingredient is the indicated active ingredient, however, other
compounds may be included which are for stabilizing, preserving, etc. the formulation, but are not involved directly in the
therapeutic effect of the indicated active ingredient. In some embodiments, the term "consisting essentially of* may refer to
components which facilitate the release of the active ingredient. In some embodiments, the term "consisting" refers to a
composition, which contains the active ingredient and a pharmaceutically acceptable carrier or excipient.

[0080] In another embodiment, the invention provides a polypeptide consisting of a coagulation factor having no CTPs on
its amino terminus. In another embodiment, the invention provides a polypeptide consisting of a coagulation factor lacking
a CTP on its amino terminus. In another embodiment, the invention provides a polypeptide consisting of a coagulation
factor having three CTPs on its carboxy terminus as described herein and no CTPs on its amino terminus.

[0081] In another embodiment, the present invention provides a polynucleotide encoding a polypeptide as described
hereinabove.

[0082] In another embodiment, the present invention further provides a composition comprising an expression vector
comprising a polynucleotide encoding a CTP-modified polypeptide consisting of a Factor IX (FIX) polypeptide and three
gonadotropin carboxy terminal peptides (CTPs) attached to the carboxy terminus of said FIX polypeptide.
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[0083] In another embodiment, the present invention further provides a polynucleotide encoding a CTP-modified
polypeptide consisting of a Factor Vlla (FVlla) polypeptide and three gonadotropin carboxy terminal peptides (CTPs)
attached to the carboxy terminus of said FVlla polypeptide.

[0084] In one embodiment, the present invention provides a recombinant coagulation factor as described hereinabove. In
one embodiment, the present invention provides an engineered coagulation factor as described hereinabove. In one
embodiment, the engineered coagulation factor as described hereinabove is referred to as a CTP-modified coagulation
factor.

[0085] In one embodiment, the CTPs that are attached to the carboxy terminus of the coagulation factor are attached in
tandem to the carboxy terminus.

[0086] In one embodiment, an engineered coagulation factor as described herein has equivalent or improved biological
activity compared to the non-CTP-modified coagulation factor. In another embodiment, an engineered coagulation factor
as described herein has equivalent or improved pharmacological measurements compared to the non-CTP-modified
coagulation factor. In another embodiment, an engineered coagulation factor as described herein has equivalent or
improved pharmacokinetics compared to the non-CTP-modified coagulation factor. In another embodiment, an
engineered coagulation factor as described herein has equivalent or improved pharmacodynamics compared to the non-
CTP-modified coagulation factor.

[0087] In one embodiment, the present invention provides a CTP-modified coagulation factor for use in preventing or
treating a clotting or coagulation disorder. In another embodiment, the nvention provides a CTP-modified coagulation
factor for use in preventing or treating hemophilia in a subject comprising administering a CTP-modified coagulation factor
of the present invention. In another embodiment, the invention provides a CTP-modified coagulation factor for use in
preventing and treating hemophilia in a subject comprising administering the CTP-modified coagulation factor of the
present invention to the subject. In another embodiment, the invention provides a CTP-modified coagulation factor for use
in preventing or treating hemophilia in a subject comprising subcutaneously administering the CTP-modified coagulation
factor of the present invention to the subject. In another embodiment, the invention provides a CTP-modified Factor VIl for
use in treating hemophilia in a subject comprising administering a CTP-modified Factor VII of the present invention.

[0088] In another embodiment, the invention provides a CTP-modified Factor I1X for use in treating hemophilia in a
subject, comprising administering a CTP-modified Factor IX of the invention. In another embodiment, hemophilia is
hemophilia B. In another embodiment, hemophilia B is known as factor 1X deficiency or Christmas disease. In another
embodiment, the hemophilia is severe hemophilia, which in one embodiment, describes hemophilia in which the
coagulation factor levels are 0-1%. In another embodiment, the hemophilia is moderate hemophilia, which in one
embodiment, describes hemophilia in which the coagulation factor levels are 1-5%. In another embodiment, the
hemophilia is mild hemophilia, which in one embodiment, describes hemophilia in which the coagulation factor levels are
5-50%.

[0089] In another embodiment, the invention provides a CTP-modified Factor 1X (FIX) for use in preventing or treating a
clotting or coagulation disorder in a subject comprising administering the CTP-modified FIX polypeptide comprising a FIX
polypeptide and three chorionic gonadotrophin carboxy terminal peptides (CTPs) attached to the carboxy terminus of said
FIX polypeptide to said subject, thereby preventing or treating a clotting or coagulation disorder in said subject. In another
embodiment, the invention provides a CTP-modified Factor VII (FVII) for use in preventing or treating a clotting or
coagulation disorder in a subject comprising administering a CTP-modified FVII polypeptide comprising a FVII polypeptide
and three chorionic gonadotrophin carboxy terminal peptides (CTPs) attached to the carboxy terminus of said FVII
polypeptide to said subject, thereby preventing or treating a clotting or coagulation disorder in said subject.

[0090] In another embodiment, the invention provides a CTP-modified FIX for use in preventing or treating hemophilia in
a subject comprising administering the CTP-modified FIX polypeptide comprising a FIX polypeptide and three chorionic
gonadotrophin carboxy terminal peptides (CTPs) attached to the carboxy terminus of said FIX polypeptide to said subject,
thereby preventing or treating hemophilia in said subject. In another embodiment, the invention provides a CTP-modified
Factor Vlla (FVlla) for use in preventing or treating hemophilia in a subject comprising administering a CTP-modified FVlla
polypeptide comprising a FVlla polypeptide and three chorionic gonadotrophin carboxy terminal peptides (CTPs) attached
to the carboxy terminus of said FVlla polypeptide to said subject, thereby preventing or treating hemophilia in said subject.
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[0091] The application discloses a method of treating hemophilia in a subject comprising administering one or more CTP-
modified coagulation factors as described herein to said subject. Thus, the application discloses a method of treating
hemophilia in a subject comprising administering a CTP-modified Factor IX (FIX) polypeptide comprising a FIX polypeptide
and three chorionic gonadotrophin carboxy terminal peptides (CTPs) attached to the carboxy terminus of said FIX
polypeptide and a CTP-modified Factor Vila (FVlla) polypeptide comprising a FVlla polypeptide and three chorionic
gonadotrophin carboxy terminal peptides (CTPs) attached to the carboxy terminus of said FVlla polypeptide to said
subject, thereby treating hemophilia in said subject. In one embodiment, the CTP-modified FIX and the CTP-modified
FVlla are administered in the same composition at the same time. In another embodiment, the CTP-modified FIX and the
CTP-modified FVlla are administered in separate compositions at the same time. In another embodiment, the CTP-
modified FIX and the CTP-modified FVIla are administered in separate compositions at separate times.

[0092] In another embodiment, the invention provides a CTP-modified Factor IX (FIX) or a CTP-modified Factor VII
polypeptide comprising a FIX or a FVII polypeptide and three chorionic gonadotrophin carboxy terminal peptides (CTPs)
attached to the carboxy terminus of said FIX or said FVII polypeptide for use in preventing or treating hemophilia in a
subject by subcutaneously or intravenously administering said CTP-modified FIX or said CTP-modified FVII to said
subject, thereby preventing or treating hemophilia in said subject.

[0093] In some embodiments, provided herein is a CTP-modified coagulation factor comprising three chorionic
gonadotropin carboxy terminal peptides (CTPs) attached to the carboxy terminus of said coagulation factor polypeptide,
wherein the sequence of said CTP-modified coagulation factor is selected from the group consisting of SEQ ID NO: 25,
amino acids 39-528 of SEQ ID NO: 25, SEQ ID NO: 31, or amino acids 47-545 of SEQ ID NO: 31, for use in preventing or
treating hemophilia in a subject.

[0094] In one embodiment of the invention, provided is a a CTP-modified Factor VIl or a CTP-modified activated Factor
VIl (FVIla) comprising three chorionic gonadotropin carboxy terminal peptides (CTPs) attached to the carboxy terminus of
said FVII polypeptide for use in preventing or treating a hemophilia in a subject by subcutaneously administering to the
subject said CTP-modified Factor VIl or said CTP-modified Factor Vlla, wherein the sequence of said CTP-modified FVII is
selected from the group consisting of SEQ ID NO: 25 or amino acids 39-528 of SEQ ID NO: 25.

[0095] In other embodiments, the engineered coagulation factor is for use in the treatment of hemophilia B patients. In
one embodiment, coagulation Factor IX comprising 3 CTPs in tandem at its carboxy terminus is for use in the treatment of
hemophilia B patients. In other embodiments, the engineered coagulation factor can reduce the number of infusions
required for a patient, reduce the required doses for a patient, or a combination thereof.

[0096] In one embodiment, coagulation Factor IX comprising 3 CTPs in tandem at its carboxy terminus exhibits an
improved PK profile while maintaining its coagulation activity vs. FIX-CTP-CTP harvest, FIX-CTP harvest or rhFIX. In one
embodiment, the elimination half-life of rFIX-CTP3 is 2.5- to 4-fold longer than rFIX in rats and in FIX-deficient mice. It is
disclosed herein that the administration of rFIX-CTP3 significantly prolonged the procoagulatory effect in FIX-deficient
mice for at least 76 hr after dosing. It is also disclosed herein that the administration of rFIX-CTP3 produced a higher
activity peak than rF1X in FIX-deficient mice. It is also disclosed that coagulation Factor |X comprising 2 CTPs in tandem in
its carboxy terminus exhibits an improved PK profile while maintaining its coagulation activity vs. FIX-CTP harvest or rhFIX
and that coagulation Factor IX comprising 2 CTPs in tandem in its carboxy terminus exhibits 3-fold increase in half-life and
4.5-fold higher AUC compared to rhFIX.

[0097] In another embodiment of the invention, SC administration results in higher bioavailability of CTP-modified FVII as
compared to recombinant FVII. It is disclosed that half life is longer and bioavailability (AUC SC/AUC 1V) is higher following
FVIla-CTP3 and 5 SC adminsttration when compared to SC administration of NovoSeven®. It is disclosed that
subcutaneously injected MOD-5014 and MOD-5019 shows improved mice survival in comparison to recombinant FVII
(NovoSeven®) (see Example 8 below).

[0098] In another embodiment, the terms "CTP peptide," "carboxy terminal peptide" and "CTP sequence" are used
interchangeably herein. In another embodiment, the carboxy terminal peptide is a full-length CTP.

[0099] In another embodiment, a signal peptide may be attached to the amino terminus of the CTP, as described in US
7,5653,940.

[0100] In other embodiments, the term engineered coagulation factor refers to the amino acid sequence of a matured
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coagulation factor. In other embodiments, the term engineered coagulation factor refers to the amino acid sequence of
the coagulation factor including its signal sequence or signal peptide.

[0101] In another embodiment, "signal sequence” and "signal peptide" are used interchangeably herein. In another
embodiment, "sequence” when in reference to a polynucleotide molecule can refer to a coding portion.

[0102] In another embodiment, an engineered coagulation factor comprising at least one CTP as described herein has
enhanced in vivo biological activity compared the same coagulation factor without at least one CTP. In one embodiment,
the enhanced biological activity stems from the longer half-life of the engineered coagulation factor while maintaining at
least some biological activity. In another embodiment, the enhanced biological activity stems from enhanced biological
activity resulting from the CTP modification. In another embodiment, the enhanced biological activity stems from both a
longer half life and from enhanced functionality of the CTP-modified coagulation factor.

[0103] As disclosed herein, at least one CTP sequence at the carboxy terminal end of the coagulation factor provides
enhanced protection against degradation of a coagulation factor, provides enhanced protection against clearance,
provides prolonged clearance time, enhances its Cmax, enhances its Tmax, and/or prolongs its T'%.

[0104] In another embodiment, a conjugated coagulation factor of this invention is used in the same manner as an
unmodified conjugated coagulation factor. In another embodiment, a conjugated coagulation factor of this invention has
an increased circulating half-life and plasma residence time, decreased clearance, and increased clinical activity in vivo. In
another embodiment, due to the improved properties of the conjugated coagulation factor as described herein, this
conjugate is administered less frequently than the unmodified form of the same coagulation factor.

[0105] In another embodiment, decreased frequency of administration will result in improved treatment strategy, which in
one embodiment, will lead to improved patient compliance leading to improved treatment outcomes, as well as improved
patient quality of life. In another embodiment, compared to conventional conjugates of coagulation factors, it has been
found that conjugates having the molecular weight and linker structure of the conjugates of this invention have an
improved potency, improved stability, elevated AUC levels, and enhanced circulating half-life.

[0106] In another embodiment, provided herein is a composition comprising a conjugated coagulation factor of the
invention as described herein. In another embodiment, provided herein is a pharmaceutical composition comprising the
conjugated coagulation factor. In another embodiment, provided herein is a pharmaceutical composition comprising a
therapeutically effective amount of the conjugated coagulation factor. In one embodiment, a therapeutically effective
amount of a conjugated coagulation factor is determined according to factors such as the specific condition being treated,
the condition of the patient being treated, as well as the other ingredients in the composition.

[0107] In another embodiment, a conjugated coagulation factor of the invention as described herein is useful in the
treatment of subjects afflicted with Hemophilia. In another embodiment, the conjugated coagulation factor is useful in the
prophylactic therapy of Hemophilia thus reducing the risk of bleeding and associated complications. In another
embodiment, the conjugated coagulation factor is useful in the treatment of subjects afflicted with Hemophilia while
reducing the risk of developing inhibitory antibodies to exogenously administered coagulation factors. In another
embodiment, the conjugated coagulation factor is useful in the treatment of subjects afflicted with Hemophilia thus
inducing homeostasis.

[0108] In one embodiment, a CTP-modified coagulation factor of the present invention has therapeutic uses. In another
embodiment, a CTP-modified coagulation factor of the present invention has prophylactic uses.

[0109] In another embodiment, a conjugated coagulation factor of the invention is useful in the treatment of subjects
experiencing excessive bleeding or bruising or having a prolonged Prothrombin Time (PT) or Partial Thromboplastin Time
(PTT). In another embodiment, a conjugated coagulation factor of the invention is useful in the treatment of subjects
having an acquired condition that is causing bleeding, such as vitamin K deficiency or liver disease. In one embodiment,
the conjugated coagulation factor is useful in the treatment of subjects having deficiencies in coagulation factors that are
acquired (due to other diseases) or inherited, mild or severe, permanent or temporary. In another embodiment, the
conjugated coagulation factor is useful in the treatment of subjects afflicted with hemophilia A. In another embodiment, the
conjugated coagulation factor is useful in the treatment of subjects afflicted with hemophilia B. It is also disclosed that the
conjugated coagulation factor of the invention is useful in the treatment of subjects having acquired deficiencies due to
chronic diseases, such as liver disease or cancer; to an acute condition such as disseminated intravascular coagulation
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(DIC), which uses up clotting factors at a rapid rate; or to a deficiency in vitamin K or treatment with a vitamin K antagonist
like warfarin (the production of factors Il, VII, IX, and X require vitamin K). It is also disclosed that a conjugated coagulation
factor of the invention is useful in the treatment of subjects afflicted with a disease in which causes clotting imbalances
such as but not limited to: a liver disease, uremia, a cancer, a bone marrow disorder, an exposure to snake venom, a
vitamin K deficiency, an anticoagulation therapy, an accidental ingestion of the anticoagulant warfarin, multiple blood
transfusions (stored units of blood lose some of their clotting factors), or a combination thereof. In another embodiment,
the CTP-modified coagulation factor may be for use in treating deep vein thrombosis in a subject by administering a CTP-
modified coagulation factor of the present invention. In one embodiment, the invention provides a CTP-modified
coagulation factor for use in preventing uncontrolled bleeding in a subject with hemophilia by administering the CTP-
modified coagulation factor to the subject. In another embodiment, the invention provides a CTP-modified coagulation
factor for use in preventing bleeding episodes in a subject with hemophilia by administering the CTP-modified coagulation
factor to the subject. In another embodiment, the present invention provides a CTP-modified coagulation factor for use in
controlling bleeding episodes in a subject with hemophilia B (congenital factor IX deficiency).

[0110] In another embodiment, the compositions and medical uses described herein are for the treatment of bleeding
episodes in hemophilia A or B patients with inhibitors to FVIII or FIX and in patients with acquired hemophilia; prevention
of bleeding in surgical interventions or invasive procedures in hemophilia A or B patients with inhibitors to FVIII or FIX and
in patients with acquired hemophilia; treatment of bleeding episodes in patients with congenital FVII deficiency and
prevention of bleeding in surgical interventions or invasive procedures in patients with congenital FVII deficiency. In
another embodiment, the compositions and described herein are for use in the treatment or prevention of muscle bleeds
or joint bleeds or provide therapeutic or prophylactic treatment of epistaxis and gum bleeding, mucous membrane
bleeding, or bleeding into the central nervous system, provide therapeutic or prophylactic treatment of gastrointestinal or
cerebral bleeding, provide therapeutic or prophylactic treatment of low frequency mild bleeds, provide therapeutic or
prophylactic treatment of low frequency moderate bleeds, provide therapeutic or prophylactic treatment of high frequency
mild bleeds, or provide therapeutic or prophylactic treatment of high frequency moderate bleeds.

[0111] In one embodiment, the compositions and medical uses of the present invention provide therapeutic or
prophylactic treatment of asymptomatic hemophilia. In another embodiment, the compositions and uses of the invention
provide therapeutic or prophylactic treatment of mild to moderate hemophilia. In another embodiment, the compositions
and uses of the invention provide therapeutic or prophylactic treatment of severe hemophilia.

[0112] In one embodiment, the compositions and medical uses of the present invention provide therapeutic or
prophylactic treatment of hemorrhage, which in one embodiment, is uncontrollable hemorrhage, and, in another
embodiment, intracerebral hemorrhage. In another embodiment, the compositions and uses of the present invention
provide therapeutic or prophylactic treatment of neonatal coagulopathies; severe hepatic disease; high-risk surgical
procedures; traumatic blood loss; bone marrow transplantation; thrombocytopenias and platelet function disorders; urgent
reversal of oral anticoagulation; congenital deficiencies of factors V, VII, X, and Xl; von Willebrand disease, or von
Willebrand disease with inhibitors to von Willebrand factor.

[0113] In one embodiment, a CTP-modified coagulation factor of the invention is for use in the treatment of hemophilia or
a related disease as described herein in a subject. In one embodiment, the subject is human. In another embodiment, the
subject is a domesticated animal. In another embodiment, the subject is a mammal. In another embodiment, the subject is
a farm animal. In another embodiment, the subject is a monkey. In another embodiment, the subject is a horse. In another
embodiment, the subject is a cow. In another embodiment, the subject is a mouse. In another embodiment, the subject is
a rat. In another embodiment, the subject is canine. In another embodiment, the subject is feline. In another embodiment,
the subject is bovine, ovine, porcine, equine, murine, or cervine. In one embodiment, the subject is male. In another
embodiment, the subject is female. In one embodiment, the subject is a child, in another embodiment, an adolescent, in
another embodiment, an adult or, in another embodiment, an elderly subject. In another embodiment, the subject is a
pediatric subject, in another embodiment, a geriatric subject.

[0114] A [(CTP)n>1-coagulation factor] as described herein may comprise a full length coagulation factor or an active
fragment thereof connected via a peptide bond on its carboxy terminus to at least one CTP unit with no CTPs on its amino
terminus. A [(CTP)n>1-coagulation factor] as described herein may also comprise a coagulation factor or an active
fragment thereof connected via a peptide bond to at least one CTP unit which is connected to an additional CTP unit via a
peptide bond with no CTPs on its amino terminus. In another embodiment, one nucleic acid molecule encodes an
engineered coagulation factor comprising at least one CTP attached to its C-terminus and no CTPs on its amino terminus.
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[0115] In another embodiment, the CTP is attached to the coagulation factor via a linker. In another embodiment, the
linker which connects the CTP sequence to the coagulation factor is a covalent bond. In another embodiment, the linker
which connects the CTP sequence to the coagulation factor is a peptide bond. In another embodiment, the linker which
connects the CTP sequence to the coagulation factor is a substituted peptide bond. In another embodiment, the CTP
sequence comprises: DPRFQDSSSSKAPPPSLPSPSRLPGPSDTPIL (SEQ ID NO: 1). In another embodiment, the CTP
sequence comprises: SSSSKAPPPSLPSPSRLPGPSDTPILPQ (SEQ ID NO: 2). In another embodiment, the CTP sequence
comprises an amino acid sequence selected from the sequences set forth in SEQ ID NO: 1 and SEQ ID NO: 2.

[0116] In another embodiment, the carboxy terminal peptide (CTP) peptide of the present invention comprises the amino
acid sequence from amino acid 112 to position 145 of human chorionic gonadotrophin, as set forth in SEQ ID NO: 1. In
another embodiment, the CTP sequence of the present invention comprises the amino acid sequence from amino acid
118 to position 145 of human chorionic gonadotropin, as set forth in SEQ ID NO: 2. In another embodiment, the CTP
sequence also commences from any position between positions 112-118 and terminates at position 145 of human
chorionic gonadotrophin. In some embodiments, the CTP sequence peptide is 28, 29, 30, 31, 32, 33 or 34 amino acids
long and commences at position 112, 113, 114, 115, 116, 117 or 118 of the CTP amino acid sequence.

[0117] In another embodiment, the CTP peptide is a variant of chorionic gonadotrophin CTP which differs from the native
CTP by 1-5 conservative amino acid substitutions as described in U.S. Pat. No. 5,712,122. In another embodiment, the
CTP peptide is a variant of chorionic gonadotrophin CTP which differs from the native CTP by 1 conservative amino acid
substitution. In another embodiment, the CTP peptide is a variant of chorionic gonadotrophin CTP which differs from the
native CTP by 2 conservative amino acid substitutions. In another embodiment, the CTP peptide is a variant of chorionic
gonadotrophin CTP which differs from the native CTP by 3 conservative amino acid substitutions. In another embodiment,
the CTP peptide is a variant of chorionic gonadotrophin CTP which differs from the native CTP by 4 conservative amino
acid substitutions. In another embodiment, the CTP peptide is a variant of chorionic gonadotrophin CTP which differs from
the native CTP by 5 conservative amino acid substitutions.

[0118] In another embodiment, the CTP peptide amino acid sequence of the present invention is at least 70%, or at least
80%, or at least 90%, or at least 95%, or at least 98% homologous to the native CTP amino acid sequence or a peptide
thereof.

[0119] In another embodiment, the polynucleotide encoding the CTP peptide of the present invention is at least 70%, or
at least 80%, or at least 90%, or at least 95%, or at least 98% homologous to the native CTP DNA sequence or a peptide-
coding fragment thereof.

[0120] In one embodiment, at least one of the chorionic gonadotrophin CTP amino acid sequences may be truncated. In
another embodiment, 2 of the chorionic gonadotrophin CTP amino acid sequences are truncated. In another embodiment,
all 3 of the chorionic gonadotrophin CTP amino acid sequences are truncated. In one embodiment, the truncated CTP
comprises the first 10 amino acids of SEQ ID NO: 3. SEQ ID NO: 3 comprises the following amino acid (AA) sequence:
SSSSKAPPPSLP.

[0121] In one embodiment, the truncated CTP comprises the first 10 amino acids of SEQ ID NO: 4. SEQ ID NO: 4
comprises the following amino acid (AA) sequence: SSSSKAPPPSLPSPSRLPGPSDTPILPQ.

[0122] In one embodiment, the truncated CTP comprises the first 11 amino acids of SEQ ID NO: 4 or the first 12 amino
acids of SEQ ID NO: 4. In one embodiment, the truncated CTP comprises the first 8 amino acids of SEQ ID NO: 4 or SEQ
ID NO: 3. In one embodiment, the truncated CTP comprises the first 13 amino acids of SEQ ID NO: 4 or the first 14 amino
acids of SEQ ID NO: 4. In one embodiment, the truncated CTP comprises the first 6 amino acids of SEQ ID NO: 4 or SEQ
ID NO: 3. In one embodiment, the truncated CTP comprises the first 5 amino acids of SEQ ID NO: 4 or SEQ ID NO: 3.

[0123] In one embodiment, at least one of the chorionic gonadotrophin CTP amino acid sequences is glycosylated. In
another embodiment, 2 of the chorionic gonadotrophin CTP amino acid sequences are glycosylated. In another
embodiment, all 3 of the chorionic gonadotrophin CTP amino acid sequences are glycosylated.

[0124] In one embodiment, the CTP sequence of the present invention comprises at least one glycosylation site. In one
embodiment, the CTP sequence comprises 2 glycosylation sites. In one embodiment, the CTP sequence comprises 3
glycosylation sites. In one embodiment, the CTP sequence comprises 4 glycosylation sites. In one embodiment, one or
more of the chorionic gonadotrophin CTP amino acid sequences is fully glycosylated. In another embodiment, one or
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more of the chorionic gonadotrophin CTP amino acid sequences is partially glycosylated. In one embodiment, partially
glycosylated indicates that one of the CTP glycosylation sites is glycosylated. In another embodiment, two of the CTP
glycosylation sites are glycosylated. In another embodiment, three of the CTP glycosylation sites are glycosylated.

[0125] In some embodiments, the CTP sequence modification is advantageous in permitting the usage of lower dosages.
In some embodiments, the CTP sequence modification is advantageous in permitting fewer dosages. In some
embodiments, the CTP sequence modification is advantageous in permitting a safe, long-acting effect.

[0126] In some embodiments, "polypeptide”, "engineered coagulation factor”, or "protein" as used herein encompasses
native polypeptides (either degradation products, synthetically synthesized polypeptides or recombinant polypeptides) and
peptidomimetics (typically, synthetically synthesized polypeptides), as well as peptoids and semipeptoids which are
polypeptide analogs, which have, in some embodiments, modifications rendering the polypeptides comprising a
coagulation factor even more stable while in a body or more capable of penetrating into cells.

[0127] As used herein, the term "amino acid" or "amino acid sequence” is understood to include the 20 naturally
occurring amino acid; those amino acid often modified post-translationally in vivo, including, for example, hydroxyproline,
phosphoserine and phosphothreonine; and other unusual amino acid including, but not limited to, 2-aminoadipic acid,
hydroxylysine, isodesmosine, nor-valine, nor-leucine and ornithine. In one embodiment, "amino acid" includes both D- and
L-amino acids.

[0128] In some embodiments, the polypeptides of the present invention are utilized in therapeutics which requires the
polypeptides comprising a coagulation factor to be in a soluble form. In some embodiments, the polypeptides of the
present invention include one or more non-natural or natural polar amino acid, including but not limited to serine and
threonine which are capable of increasing polypeptide solubility due to their hydroxyl-containing side chain.

[0129] In some embodiments, the engineered coagulation factors of the present invention are biochemically synthesized
such as by using standard solid phase techniques. In some embodiments, these biochemical methods include exclusive
solid phase synthesis, partial solid phase synthesis, fragment condensation, or classical solution synthesis.

[0130] In some embodiments, recombinant protein techniques are used to generate the engineered coagulation factors
of the present invention. In some embodiments, recombinant protein techniques are used for the generation of relatively
long polypeptides (e.g., longer than 18-25 amino acids). In some embodiments, recombinant protein techniques are used
for the generation of large amounts of the engineered coagulation factors of the present invention. In some embodiments,
recombinant techniques are described by Bitter et al., (1987) Methods in Enzymol. 153:516-544, Studier et al. (1990)
Methods in Enzymol. 185:60-89, Brisson et al. (1984) Nature 310:511-514, Takamatsu et al. (1987) EMBO J. 6:307-311,
Coruzzi et al. (1984) EMBO J. 3:1671-1680 and Brogli et al., (1984) Science 224:838-843, Gurley et al. (1986) Mol. Cell.
Biol. 6:559-565 and Weissbach & Weissbach, 1988, Methods for Plant Molecular Biology, Academic Press, NY, Section
VIII, pp 421-463.

[0131] In one embodiment, the invention provides a polynucleotide molecule consisting of the coding portion of a gene
encoding a polypeptide comprising a coagulation factor and gonadotrophin carboxy terminal peptides attached to the
carboxy terminus of the coagulation factor, as described hereinabove.

[0132] In one embodiment, the invention provides a polynucleotide encoding a polypeptide consisting of a coagulation
factor and three gonadotrophin carboxy terminal peptides attached to the carboxy terminus of the coagulation factor, as
described hereinabove. In one embodiment, the polynucleotide is a polynucleotide sequence. In one embodiment, the
polynucleotide is a polynucleotide molecule.

[0133] An expression vector comprising a polynucleotide molecule is disclosed herein. The expression vector may
comprise a polynucleotide encoding a CTP-modified polypeptide consisting of a Factor IX (FIX) polypeptide and three
gonadotropin carboxy terminal peptides (CTPs) attached to the carboxy terminus of said FIX polypeptide. The expression
vector may comprise a polynucleotide encoding a CTP-modified polypeptide consisting of a Factor Vila (FVlla)
polypeptide and three gonadotropin carboxy terminal peptides (CTPs) attached to the carboxy terminus of said FVlla
polypeptide.

[0134] Also disclosed is a cell comprising the expression vector as described herein. The cell may comprise an
expression vector comprising a polynucleotide encoding a CTP-modified polypeptide consisting of a Factor IX (FIX)
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polypeptide and three gonadotropin carboxy terminal peptides (CTPs) attached to the carboxy terminus of said FIX
polypeptide. The cell may comprise an expression vector comprising a polynucleotide encoding a CTP-modified
polypeptide consisting of a Factor Vlla (FVlla) polypeptide and three gonadotropin carboxy terminal peptides (CTPs)
attached to the carboxy terminus of said FVlla polypeptide.

[0135] Also disclosed is a composition comprising the expression vector described herein. The composition may
comprise an expression vector comprising a polynucleotide encoding a CTP-modified polypeptide consisting of a Factor IX
(FIX) polypeptide and three gonadotropin carboxy terminal peptides (CTPs) attached to the carboxy terminus of said FIX
polypeptide. The composition may comprise an expression vector comprising a polynucleotide encoding a CTP-modified
polypeptide consisting of a Factor Vlla (FVlla) polypeptide and three gonadotropin carboxy terminal peptides (CTPs)
attached to the carboxy terminus of said FVlla polypeptide.

[0136] Alos disclosed is a composition comprising the cell as described herein. The cell may be a eukaryotic cell, or a
prokaryotic cell.

[0137] In another embodiment, the invention provides a method of producing a CTP-modified Factor IX (FIX)
polypeptide, comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides (CTPs) to the
carboxy terminus of said FIX polypeptide, thereby producing a CTP-modified FIX polypeptide. In another embodiment, the
invention provides a method of producing a CTP-modified Factor Vlla (FVlla) polypeptide, comprising the step of
attaching three chorionic gonadotrophin carboxy terminal peptides (CTPs) to the carboxy terminus of said FVlla
polypeptide, thereby producing a CTP-modified FVlla polypeptide.

[0138] In another embodiment, the engineered coagulation factors of the present invention may be synthesized using a
polynucleotide molecule encoding a polypeptide of the present invention. In some embodiments, the polynucleotide
molecule encoding the engineered coagulation factor is ligated into an expression vector, comprising a transcriptional
control of a cis-regulatory sequence (e.g., promoter sequence). In some embodiments, the cis-regulatory sequence is
suitable for directing constitutive expression of an engineered coagulation factor, or for directing tissue-specific
expression, or for directing inducible expression of the engineered coagulation factors of the present invention as
described herein.

[0139] Tissue-specific promoters suitable for use with the present invention include sequences which are functional in
one or more specific cell populations. Examples include, but are not limited to, promoters such as albumin that is liver-
specific [Pinkert et al., (1987) Genes Dev. 1:268-277], lymphoid-specific promoters [Calame et al., (1988) Adv. Immunol.
43:235-275]; in particular promoters of T-cell receptors [Winoto et al., (1989) EMBO J. 8:729-733] and immunoglobulins;
[Banerji et al. (1983) Cell 33729-740], neuron-specific promoters such as the neurofilament promoter [Byrne et al. (1989)
Proc. Natl. Acad. Sci. USA 86:5473-5477], pancreas-specific promoters [Edlunch et al. (1985) Science 230:912-916] or
mammary gland-specific promoters such as the milk whey promoter (U.S. Pat. No. 4,873,316 and European Patent
Publication No. 264,166). Inducible promoters suitable for use with the present invention include, for example, the
tetracycline-inducible promoter (Srour, M.A., et al., 2003. Thromb. Haemost. 90: 398-405).

[0140] In one embodiment, the phrase "a polynucleotide molecule" refers to a single or double stranded nucleic acid
sequence which is isolated and provided in the form of an RNA sequence, a complementary polynucleotide sequence
(cDNA), a genomic polynucleotide sequence and/or a composite polynucleotide sequences (e.g., a combination of the
above).

[0141] In one embodiment, following expression and secretion, the signal peptides are cleaved from the precursor
engineered coagulation factors resulting in the mature engineered coagulation factors.

[0142] In some embodiments, polynucleotides of the present invention may be prepared using PCR techniques, or any
other method or procedure known to one skilled in the art. In some embodiments, the procedure involves the ligation of
two different DNA sequences (See, for example, "Current Protocols in Molecular Biology", eds. Ausubel et al., John Wiley
& Sons, 1992).

[0143] In one embodiment, polynucleotides which encode the engineered coagulation factors are inserted into
expression vectors (i.e., a nucleic acid construct) to enable expression of the recombinant polypeptide. In one
embodiment, the expression vector includes additional sequences which render this vector suitable for replication and
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integration in prokaryotes. In another embodiment, the expression vector includes additional sequences which render this
vector suitable for replication and integration in eukaryotes. In one embodiment, the expression vector includes a shuttle
vector which renders this vector suitable for replication and integration in both prokaryotes and eukaryotes. In some
embodiments, cloning vectors comprise transcription and translation initiation sequences (e.g., promoters, enhances) and
transcription and translation terminators (e.g., polyadenylation signals).

[0144] A variety of prokaryotic or eukaryotic cells can be used as host-expression systems to express the coagulation
factors of the present invention. These include, but are not limited to, microorganisms, such as bacteria transformed with
a recombinant bacteriophage DNA, plasmid DNA or cosmid DNA expression vector containing the polypeptide coding
sequence; yeast transformed with recombinant yeast expression vectors containing the polypeptide coding sequence;
plant cell systems infected with recombinant virus expression vectors (e.g., cauliflower mosaic virus, CaMV; tobacco
mosaic virus, TMV) or transformed with recombinant plasmid expression vectors, such as Ti plasmid, containing the
polypeptide coding sequence.

[0145] In some embodiments, non-bacterial expression systems are used (e.g. mammalian expression systems such as
CHO cells) to express the coagulation factors of the present invention. In one embodiment, the expression vector used to
express polynucleotides of the present invention in mammalian cells is pCI-DHFR vector comprising a CMV promoter and
a neomycin resistance gene. Construction of the pCl-dhfr vector is described, according to one embodiment, in Example
1.

[0146] In bacterial systems a number of expression vectors can be advantageously selected depending upon the use
intended for the polypeptide expressed. In one embodiment, large quantities of polypeptide are desired. Vectors that
direct the expression of high levels of the protein product, possibly as a fusion with a hydrophobic signal sequence, which
directs the expressed product into the periplasm of the bacteria or the culture medium where the protein product is readily
purified may be desired. Certain fusion proteins are engineered with a specific cleavage site to aid in recovery of the
polypeptide. Vectors adaptable to such manipulation include, but are not limited to, the pET series of E. coli expression
vectors [Studier et al., Methods in Enzymol. 185:60-89 (1990)].

[0147] In one embodiment, yeast expression systems are used. A number of vectors containing constitutive or inducible
promoters can be used in yeast as disclosed in U.S. Pat. Application. No: 5,932,447 Vectors which promote integration of
foreign DNA sequences into the yeast chromosome may also be used.

[0148] The expression vector can further include additional polynucleotide sequences that allow, for example, the
translation of several proteins from a single mRNA such as an internal ribosome entry site (IRES) and sequences for
genomic integration of the promoter-chimeric polypeptide.

[0149] Suitable mammalian expression vectors include, but are not limited to, pcDNA3, pcDNA3.1(+/-), pGL3,
pZeoSV2(+/-), pSecTag2, pDisplay, pEF/myc/cyto, pPCMV/myc/cyto, pCR3.1, pSinRep5, DH26S, DHBB, pNMT1, pNMT41,
pNMT81, which are available from Invitrogen, pCl which is available from Promega, pMbac, pPbac, pBK-RSV and pBK-
CMV which are available from Strategene, pTRES which is available from Clontech, and their derivatives.

[0150] Expression vectors containing regulatory elements from eukaryotic viruses such as retroviruses are used in the
present invention. SV40 vectors include pSVT7 and pMT2. It is also disclosed that vectors derived from bovine papilloma
virus include pBV-1MTHA, and vectors derived from Epstein Bar virus include pHEBO, and p205. Other exemplary vectors
include pMSG, pAVO09/A+, pMT010/A+, pMAMneo-5, baculovirus pDSVE, and any other vector allowing expression of
proteins under the direction of the SV-40 early promoter, SV-40 later promoter, metallothionein promoter, murine
mammary tumor virus promoter, Rous sarcoma virus promoter, polyhedrin promoter, or other promoters shown effective
for expression in eukaryotic cells.

[0151] In some embodiments, recombinant viral vectors are useful for in vivo expression of the coagulation factors of the
present invention since they offer advantages such as lateral infection and targeting specificityln one embodiment, viral
vectors are produced that are unable to spread laterally; this characteristic can be useful if the desired purpose is to
introduce a specified gene into only a localized number of targeted cells.

[0152] Various methods can be used to introduce the expression vector into cells. Such methods are generally described
in Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory, New York (1989, 1992), in
Ausubel et al., Current Protocols in Molecular Biology, John Wiley and Sons, Baltimore, Md. (1989), Chang et al., Somatic
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Gene Therapy, CRC Press, Ann Arbor, Mich. (1995), Vega et al., Gene Targeting, CRC Press, Ann Arbor Mich. (1995),
Vectors: A Survey of Molecular Cloning Vectors and Their Uses, Butterworths, Boston Mass. (1988) and Gilboa et at.
[Biotechniques 4 (6): 504-512, 1986] and include, for example, stable or transient transfection, lipofection, electroporation
and infection with recombinant viral vectors. In addition, see U.S. Pat. Nos. 5,464,764 and 5,487,992 for positive-negative
selection methods.

[0153] It will be appreciated that other than containing the necessary elements for the transcription and translation of the
inserted coding sequence (encoding the polypeptide), the expression construct of the present invention can also include
sequences engineered to optimize stability, production, purification, yield or activity of the expressed polypeptide.

[0154] In some embodiments, transformed cells are cultured under effective conditions, which allow for the expression of
high amounts of recombinant engineered coagulation factors. In some embodiments, effective culture conditions include,
but are not limited to, effective media, bioreactor, temperature, pH and oxygen conditions that permit protein production.
In one embodiment, an effective medium refers to any medium in which a cell is cultured to produce the recombinant
polypeptide of the present invention. In some embodiments, a medium typically includes an aqueous solution having
assimilable carbon, nitrogen and phosphate sources, and appropriate salts, minerals, metals and other nutrients, such as
vitamins. In some embodiments, the cells can be cultured in conventional fermentation bioreactors, shake flasks, test
tubes, microtiter dishes and petri plates. In some embodiments, culturing is carried out at a temperature, pH and oxygen
content appropriate for a recombinant cell. The determination of culturing conditions are within the expertise of one of
ordinary skill in the art.

[0155] Depending on the vector and host system used for production, resultant engineered coagulation factors of the
present invention either remain within the recombinant cell, are secreted into the fermentation medium, are secreted into
a space between two cellular membranes, such as the periplasmic space in E. coli; or are retained on the outer surface of
a cell or viral membrane.

[0156] In one embodiment, following a predetermined time in culture, recovery of the recombinant engineered
coagulation factor is effected. The phrase "recovering the recombinant engineered coagulation factor" used herein may
refer to collecting the whole fermentation medium containing the polypeptide and need not imply additional steps of
separation or purification.

[0157] In one embodiment, engineered coagulation factors of the present invention are purified using a variety of
standard protein purification techniques, such as, but not limited to, affinity chromatography, ion exchange
chromatography, filtration, electrophoresis, hydrophobic interaction chromatography, gel filtration chromatography, reverse
phase chromatography, concanavalin A chromatography, chromatofocusing and differential solubilization.

[0158] In one embodiment, to facilitate recovery, the expressed coding sequence can be engineered to encode the
engineered coagulation factor of the present invention and a fused cleavable moiety. In one embodiment, a fusion protein
can be designed so that the polypeptide can be readily isolated by affinity chromatography; e.g., by immobilization on a
column specific for the cleavable moiety. In one embodiment, a cleavage site is engineered between the engineered
coagulation factor and the cleavable moiety and the polypeptide can be released from the chromatographic column by
treatment with an appropriate enzyme or agent that specifically cleaves the fusion protein at this site [e.g., see Booth et
al., Immunol. Lett. 19:65-70 (1988); and Gardella et al., J. Biol. Chem. 265:15854-15859 (1990)].

[0159] In one embodiment, the engineered coagulation factor of the present invention is retrieved in "substantially pure”
form. In one embodiment, the phrase "substantially pure" refers to a purity that allows for the effective use of the protein in
the applications described herein.

[0160] In one embodiment, the engineered coagulation factor of the present invention can also be synthesized using in
vitro expression systems. In one embodiment, in vitro synthesis methods are well known in the art and the components of
the system are commercially available.

[0161] In some embodiments, the recombinant engineered coagulation factors are synthesized and purified; their
therapeutic efficacy can be assayed either in vivo or in vitro. In one embodiment, the binding activities of the recombinant
engineered coagulation factors of the present invention can be ascertained using various assays as known to one of skill
in the art.
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[0162] It is disclosed herein that the engineered coagulation factor of the present invention can be provided to the
individual per se. In one embodiment, the engineered coagulation factor of the present invention can be provided to the
individual as part of a pharmaceutical composition where it is mixed with a pharmaceutically acceptable carrier.

[0163] In another embodiment, a "pharmaceutical composition" refers to a preparation of one or more of the active
ingredients described herein with other chemical components such as physiologically suitable carriers and excipients. The
purpose of a pharmaceutical composition is to facilitate administration of a compound to an organism.

[0164] In another embodiment, "active ingredient” refers to the polypeptide sequence of interest, which is accountable for
the biological effect.

[0165] The disclosure provides combined preparations where "a combined preparation" defines especially a "kit of parts”
in the sense that the combination partners as defined above can be dosed independently or by use of different fixed
combinations with distinguished amounts of the combination partners i.e., simultaneously, concurrently, separately or
sequentially. The parts of the kit of parts can then, e.g., be administered simultaneously or chronologically staggered, that
is at different time points and with equal or different time intervals for any part of the kit of parts. The ratio of the total
amounts of the combination partners can be administered in the combined preparation.The combined preparation can be
varied, e.g., in order to cope with the needs of a patient subpopulation to be treated or the needs of the single patient
which different needs can be due to a particular disease, severity of a disease, age, sex, or body weight as can be readily
made by a person skilled in the art.

[0166] In another embodiment, the phrases "physiologically acceptable carrier” and "pharmaceutically acceptable carrier”
which are interchangeably used refer to a carrier or a diluent that does not cause significant irritation to an organism and
does not abrogate the biological activity and properties of the administered compound. An adjuvant is included under
these phrases. In one embodiment, one of the ingredients included in the pharmaceutically acceptable carrier can be for
example polyethylene glycol (PEG), a biocompatible polymer with a wide range of solubility in both organic and aqueous
media (Mutter et al. (1979)).

[0167] In another embodiment, "excipient” refers to an inert substance added to a pharmaceutical composition to further
facilitate administration of an active ingredient. In one embodiment, excipients include calcium carbonate, calcium
phosphate, various sugars and types of starch, cellulose derivatives, gelatin, vegetable oils and polyethylene glycols.

[0168] Techniques for formulation and administration of drugs are found in "Remington’'s Pharmaceutical Sciences,"
Mack Publishing Co., Easton, PA, latest edition.

[0169] Various embodiments of dosage ranges are contemplated by this invention. The dosage of the engineered
coagulation factor of the present invention, in one embodiment, is in the range of 0.005-100 mg/day. In another
embodiment, the dosage is in the range of 0.005-5 mg/day. In another embodiment, the dosage is in the range of 0.01-50
mg/day. In another embodiment, the dosage is in the range of 0.1-20 mg/day. In another embodiment, the dosage is in
the range of 0.1-10 mg/day. In another embodiment, the dosage is in the range of 0.01-5 mg/day. In another embodiment,
the dosage is in the range of 0.001-0.01 mg/day. In another embodiment, the dosage is in the range of 0.001-0.1 mg/day.
In another embodiment, the dosage is in the range of 0.1-5 mg/day. In another embodiment, the dosage is in the range of
0.5-50 mg/day. In another embodiment, the dosage is in the range of 0.2-15mg/day. In another embodiment, the dosage
is in the range of 0.8-65 mg/day. In another embodiment, the dosage is in the range of 1-50 mg/day. In another
embodiment, the dosage is in the range of 5-10 mg/day. In another embodiment, the dosage is in the range of 8-15
mg/day. In another embodiment, the dosage is in a range of 10-20mg/day. In another embodiment, the dosage is in the
range of 20-40 mg/day. In another embodiment, the dosage is in a range of 60-120 mg/day. In another embodiment, the
dosage is in the range of 12-40 mg/day. In another embodiment, the dosage is in the range of 40-60 mg/day. In another
embodiment, the dosage is in a range of 50-100mg/day. In another embodiment, the dosage is in a range of 1-60 mg/day.
In another embodiment, the dosage is in the range of 15-25 mg/day. In another embodiment, the dosage is in the range of
5-10 mg/day. In another embodiment, the dosage is in the range of 55-65 mg/day.

[0170] In another embodiment, the dosage is in a range of 50-500 mg/day. In another embodiment, the dosage is in a
range of 50-150 mg/day. In another embodiment, the dosage is in a range of 100-200 mg/day. In another embodiment,
the dosage is in a range of 150-250 mg/day. In another embodiment, the dosage is in a range of 200-300 mg/day. In
another embodiment, the dosage is in a range of 250-400 mg/day. In another embodiment, the dosage is in a range of
300-500 mg/day. In another embodiment, the dosage is in a range of 350-500 mg/day.
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[0171] In one embodiment, the dosage is 20 mg/day. In one embodiment, the dosage is 30 mg/day. In one embodiment,
the dosage is 40 mg/day. In one embodiment, the dosage is 50 mg/day. In one embodiment, the dosage is 0.01 mg/day.
In another embodiment, the dosage is 0.1 mg/day. In another embodiment, the dosage is 1 mg/day. In another
embodiment, the dosage is 0.530 mg/day. In another embodiment, the dosage is 0.05 mg/day. In another embodiment,
the dosage is 50 mg/day. In another embodiment, the dosage is 10 mg/day. In another embodiment, the dosage is 20-70
mg/day. In another embodiment, the dosage is 5 mg/day.

[0172] In one embodiment, the dosage of the CTP-modified coagulation factor is 1-5 mg/day. In one embodiment, the
dosage of the CTP-modified coagulation factor is 1-3 mg/day. In another embodiment, the dosage of the CTP-modified
coagulation factor is 2 mg/day.

[0173] In another embodiment, the dosage is 1-90 mg/day. In another embodiment, the dosage is 1-90 mg/2 days. In
another embodiment, the dosage is 1-90 mg/3 days. In another embodiment, the dosage is 1-90 mg/4 days. In another
embodiment, the dosage is 1-90 mg/5 days. In another embodiment, the dosage is 1-90 mg/6 days. In another
embodiment, the dosage is 1-90 mg/week. In another embodiment, the dosage is 1-90 mg/9 days. In another
embodiment, the dosage is 1-90 mg/11 days. In another embodiment, the dosage is 1-90 mg/14 days.

[0174] In another embodiment, the coagulation factor dosage is 10-50 mg/day. In another embodiment, the dosage is 10-
50 mg/2 days. In another embodiment, the dosage is 10-50 mg/3 days. In another embodiment, the dosage is 10-50 mg/4
days. In another embodiment, the dosage is 10-50 micrograms mg/5 days. In another embodiment, the dosage is 10-50
mg/6 days. In another embodiment, the dosage is 10-50 mg/week. In another embodiment, the dosage is 10-50 mg/9
days. In another embodiment, the dosage is 10-50 mg/11 days. In another embodiment, the dosage is 10-50 mg/14 days.

[0175] In another embodiment, a polypeptide comprising the CTP-modified coagulation factor of the present invention is
formulated in an intranasal dosage form. In another embodiment, a polypeptide comprising the CTP-modified coagulation
factor is formulated in an injectable dosage form. In another embodiment, a polypeptide comprising the CTP-modified
coagulation factor is administered to a subject in a dose ranging from 0.0001 mg to 0.6 mg. In another embodiment, a
polypeptide comprising the CTP-modified coagulation factor is administered to a subject in a dose ranging from 0.001 mg
to 0.005 mg. In another embodiment, a polypeptide comprising the CTP-modified coagulation factor is administered to a
subject in a dose ranging from 0.005 mg to 0.01 mg. In another embodiment, a polypeptide comprising the CTP-modified
coagulation factor is administered to a subject in a dose ranging from 0.01 mg to 0.3 mg. In another embodiment, a
polypeptide comprising the CTP-modified coagulation factor is administered to a subject in a dose ranging from 0.2 mg to
0.6 mg. In another embodiment, the coagulation factor is free of CTPs on its amino terminus.

[0176] It is disclosed that a polypeptide comprising the CTP-modified coagulation factor of the present invention is
administered to a subject in a dose ranging from 1-100 micrograms, or in a dose ranging from 10-80 micrograms, or in a
dose ranging from 20-60 micrograms, or in a dose ranging from 10-50 micrograms, or in a dose ranging from 40-80
micrograms, or in a dose ranging from 10-30 micrograms, or in a dose ranging from 30-60 micrograms.

[0177] In another embodiment, a polypeptide comprising the CTP-modified coagulation factor of the present invention is
administered to a subject in a dose ranging from 0.2 mg to 2 mg, or in a dose ranging from 2 mg to 6 mg, or in a dose
ranging from 4 mg to 10 mg, or in a dose ranging from 5 mg and 15 mg.

[0178] In one embodiment, the dosage of the CTP-modified FIX comprises 50% of the amount of FIX administered in the
recommended dosage of recombinant FIX (e.g., Benefix®, Wyeth or Mononine®, CSL Behring) to patients over the same
period of time. In another embodiment, the dosage of the CTP-modified FVIla comprises 50% of the amount of FVlla
administered in the recommended dosage of recombinant FVlla (e.g., NovoSeven®) to patients over the same period of
time. In another embodiment, the dosage of the CTP-modified FVII comprises 50% of the amount of FVII administered in
the recommended dosage of recombinant FVII to patients over the same period of time. For example, if NovoSeven® is
given at a dose of 90 mcg/kg every two hours to a patient pre- or postoperatively (i.e., 7.65 mg every two hours or 45.9
mg in six doses over a 12 hour period, for an 85 kg patient), a CTP-modified coagulation factor of the present invention
may be given at a dose that is 50% of the patient's 12-hour dose of recombinant FVlla (i.e., at a dose of 23 mg given once
over a 12-hour period).

[0179] In another embodiment, the dosage of CTP-modified coagulation factor is such that it contains 45% of the amount
of the coagulation factor than that administered using the non-CTP-modified coagulation factor. In another embodiment,
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the dosage of CTP-modified coagulation factor is such that it contains 10% of the amount of the coagulation factor than
that administered using the non-CTP-modified coagulation factor. In another embodiment, the dosage of CTP-modified
coagulation factor is such that it contains 25% of the amount of the coagulation factor than that administered using the
non-CTP-modified coagulation factor. In another embodiment, the dosage of CTP-modified coagulation factor is such that
it contains 35% of the amount of the coagulation factor than that administered using the non-CTP-modified coagulation
factor. In another embodiment, the dosage of CTP-modified coagulation factor is such that it contains 75% of the amount
of the coagulation factor than that administered using the non-CTP-modified coagulation factor. In another embodiment,
the dosage of CTP-modified coagulation factor is such that it contains 100% of the amount of the coagulation factor than
that administered using the non-CTP-modified coagulation factor. However, even if the dosage contains the same amount
of coagulation factor (e.g. FIX) as non-CTP-modified coagulation factor, it is still advantageous to subjects in that it will be
administered less frequently because of its increased half-life compared to recombinant coagulation factors.

[0180] In another embodiment, a therapeutically effective amount of a conjugated coagulation factor is between 50-500
IU per kg body weight administered once a day to once a week for FIX or 10ug/Kg-500ug/Kg for FVlla. In another
embodiment, a therapeutically effective amount of a conjugated coagulation factor is 150-250 |U per kg body weight,
administered once a day. In another embodiment, a pharmaceutical composition comprising a conjugated coagulation
factor is formulated at a strength effective for administration by various means to a human patient.

[0181] In one embodiment, FIX is administered in an amount effective to bring circulating Factor IX activity to 20-30 1U/dL
in a subject. In another embodiment, FIX is administered in an amount effective to bring circulating Factor IX activity to 25-
50 IU/dL in a subject. In another embodiment, FIX is administered in an amount effective to bring circulating Factor X
activity to 50-100 1U/dL in a subject. In another embodiment, FIX is administered in an amount effective to bring circulating
Factor IX activity to 100-200 1U/dL in a subject. In another embodiment, FIX is administered in an amount effective to
bring circulating Factor IX activity to 10-50 IU/dL in a subject. In another embodiment, FIX is administered in an amount
effective to bring circulating Factor IX activity to 20-100 1U/dL in a subject.

[0182] In one embodiment, the CTP-modified coagulation factor is administered to a subject on a weekly basis. In
another embodiment, the CTP-modified coagulation factor is administered to a subject twice a week. In another
embodiment, the CTP-modified coagulation factor is administered to a subject on a fortnightly (once every two weeks)
basis. In another embodiment, the CTP-modified coagulation factor is administered to a subject twice a month. In another
embodiment, the CTP-modified coagulation factor is administered to a subject once a month. In another embodiment, the
CTP-modified coagulation factor is administered to a subject on a daily basis. In another embodiment, the CTP-modified
coagulation factor is administered to a subject every two days.

[0183] In another embodiment, the CTP-modified coagulation factor of the present invention is administered to a subject
once every three days, once every four days, once every five days, once every six days, once every 7-14 days, once
every 10-20 days, once every 5-15 days, or once every 15-30 days.

[0184] In another embodiment, the present invention provides a method of reducing the dosing frequency of a Factor IX
(FIX) polypeptide, comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides (CTPs) to the
carboxy terminus of said FIX polypeptide, thereby reducing the dosing frequency of said FIX polypeptide. In another
embodiment, the present invention provides a method of reducing the dosing frequency of a Factor Vlla (FVlla)
polypeptide, comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides (CTPs) to the
carboxy terminus of said FVlla polypeptide, thereby reducing the dosing frequency of said FVlla polypeptide.

[0185] It is disclosed that the methods of the invention result in increasing the compliance in the use of coagulation factor
therapy. The term compliance comprises adherence. It is also disclosed that the invention increases the compliance of
patients in need of a coagulation factor therapy by reducing the frequency of administration of the coagulation factor. It is
also disclosed that reduction in the frequency of administration of the coagulation factor is achieved due to the CTP
modifications which render the CTP-modified coagulation factor more stable. It is also disclosed that reduction in the
frequency of administration of the coagulation factor is achieved as a result of increasing T2 of the coagulation factor. It is
also disclosed that reduction in the frequency of administration of the coagulation factor is achieved as a result of
increasing the clearance time or reducing the clearance rate of the coagulation factor.

[0186] In another embodiment, the present invention provides a method of reducing the clearance rate of a Factor IX
(FIX) polypeptide, comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides (CTPs) to the
carboxy terminus of said FIX polypeptide, thereby reducing the clearance rate of said FIX polypeptide. In another
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embodiment, the present invention provides a method of reducing the clearance rate of a Factor Vlla (FVIla) polypeptide,
comprising the step of attaching three chorionic gonadotrophin carboxy terminal peptides (CTPs) to the carboxy terminus
of said FVlla polypeptide, thereby reducing the clearance rate of said FVlla polypeptide.

[0187] In another embodiment, reduction in the frequency of administration of the coagulation factor is achieved as a
result of increasing the AUC measure of the coagulation factor.

[0188] In one embodiment of the invention, provided herein is a method of reducing the dosing frequency of a
coagulation factor, comprising the step of attaching three CTPs to the carboxy terminus of the coagulation factor, thereby
reducing a dosing frequency of the coagulation factor.

[0189] In another embodiment, the present invention shows that the compositions provided herein are surprisingly more
effectively absorbed into the bloodstream after SC administration (see Examples 7-9 herein). To be able to administer
FVlla subcutaneously serves as an advantage as it can be used for prophylactic applications. Subcutaneous injections are
also much easier for patients to self-inject, and are advantage when the patients are very young and their veins are small
and difficult to find.

[0190] Oral administration, in one embodiment, comprises a unit dosage form comprising tablets, capsules, lozenges,
chewable tablets, suspensions, emulsions and the like. Such unit dosage forms comprise a safe and effective amount of
the desired coagulation factor of the invention, each of which is in one embodiment, from about 0.7 or 3.5 mg to about
280 mg/70 kg, or in another embodiment, about 0.5 or 10 mg to about 210 mg/70 kg. The pharmaceutically-acceptable
carriers suitable for the preparation of unit dosage forms for peroral administration are well-known in the art. In some
embodiments, tablets typically comprise conventional pharmaceutically-compatible adjuvants as inert diluents, such as
calcium carbonate, sodium carbonate, mannitol, lactose and cellulose; binders such as starch, gelatin and sucrose;
disintegrants such as starch, alginic acid and croscarmelose; lubricants such as magnesium stearate, stearic acid and
talc. In one embodiment, glidants such as silicon dioxide can be used to improve flow characteristics of the powder-
mixture. In one embodiment, coloring agents, such as the FD&C dyes, can be added for appearance. Sweeteners and
flavoring agents, such as aspartame, saccharin, menthol, peppermint, and fruit flavors, are useful adjuvants for chewable
tablets. Capsules typically comprise one or more solid diluents disclosed above. In some embodiments, the selection of
carrier components depends on secondary considerations like taste, cost, and shelf stability, which are not critical for the
purposes of this invention, and can be readily made by a person skilled in the art.

[0191] In one embodiment, the oral dosage form comprises a predefined release profile. In one embodiment, the oral
dosage form comprises extended release tablets, capsules, lozenges or chewable tablets. In one embodiment, the oral
dosage form of the present invention comprises a slow release tablets, capsules, lozenges or chewable tablets. In one
embodiment, the oral dosage form comprises an immediate release tablets, capsules, lozenges or chewable tablets. In
one embodiment, the oral dosage form is formulated according to the desired release profile of the pharmaceutical active
ingredient as known to one skilled in the art.

[0192] Peroral compositions, in some embodiments, comprise liquid solutions, emulsions, suspensions, and the like. In
some embodiments, pharmaceutically-acceptable carriers suitable for preparation of such compositions are well known in
the art. In some embodiments, liquid oral compositions comprise from about 0.001% to about 0.933% of the desired
compound or compounds, or in another embodiment, from about 0.01% to about 10%.

[0193] In some embodiments, compositions for medical use of this invention comprise solutions or emulsions, which can
be aqueous solutions or emulsions comprising a safe and effective amount of the compounds of the present invention and
optionally, other compounds, intended for topical intranasal administration. In some embodiments, h compositions
comprise from about 0.001% to about 10.0% w/v of a subject compound, more preferably from about 00.1% to about 2.0,
which is used for systemic delivery of the compounds by the intranasal route.

[0194] In another embodiment, the CTP-modified coagulation factor may be injected into the muscle (intramuscular
injection), or may be injected below the skin (subcutaneous injection), or injected into the skin, or administered via
systemic administration, or administered by intravenous injection. In another embodiment, administration can be
parenteral, pulmonary, oral, topical, intradermal, intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal,
transnasal, intraocular, ophthalmic, epidural, buccal, rectal, transmucosal, intestinal or parenteral delivery, including
intramedullary injections as well as intrathecal or direct intraventricular administration.
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[0195] In another embodiment, the preparation is administered in a local rather than systemic manner, for example, via
injection of the preparation directly into a specific region of a patient's body.

[0196] In one embodiment, the route of administration may be enteral. In another embodiment, the route may be
conjunctival, transdermal, intradermal, intra-arterial, vaginal, rectal, intratumoral, parcanceral, transmucosal,
intramuscular, intravascular, intraventricular, intracranial, intra-nasal, sublingual, or a combination thereof.

[0197] In another embodiment, the pharmaceutical compositions are administered by intravenous, intra-arterial, or
intramuscular injection of a liquid preparation. In some embodiments, liquid formulations include solutions, suspensions,
dispersions, emulsions, oils and the like. In one embodiment, the pharmaceutical compositions are administered
intravenously, and are thus formulated in a form suitable for intravenous administration. In another embodiment, the
pharmaceutical compositions are administered intra-arterially, and are thus formulated in a form suitable for intra-arterial
administration. In another embodiment, the pharmaceutical compositions are administered intramuscularly, and are thus
formulated in a form suitable for intramuscular administration.

[0198] Further, in another embodiment, the pharmaceutical compositions are administered topically to body surfaces,
and are thus formulated in a form suitable for topical administration. Suitable topical formulations include gels, ointments,
creams, lotions, drops and the like. For topical administration, the compounds of the present invention are combined with
an additional appropriate therapeutic agent or agents, prepared and applied as solutions, suspensions, or emulsions in a
physiologically acceptable diluent with or without a pharmaceutical carrier.

[0199] In one embodiment, pharmaceutical compositions of the present invention are manufactured by processes well
known in the art, e.g., by means of conventional mixing, dissolving, granulating, dragee-making, levigating, emulsifying,
encapsulating, entrapping or lyophilizing processes.

[0200] In one embodiment, pharmaceutical compositions for use in accordance with the present invention is formulated in
a conventional manner using one or more physiologically acceptable carriers comprising excipients and auxiliaries, which
facilitate processing of the active ingredients into preparations which, can be used pharmaceutically. In one embodiment,
formulation is dependent upon the route of administration chosen.

[0201] In one embodiment, injectables of the invention are formulated in aqueous solutions. In one embodiment,
injectables of the invention are formulated in physiologically compatible buffers such as Hank's solution, Ringer's solution,
or physiological salt buffer. In some embodiments, for transmucosal administration, penetrants appropriate to the barrier
to be permeated are used in the formulation. Such penetrants are generally known in the art.

[0202] In one embodiment, the preparations described herein are formulated for parenteral administration, e.g., by bolus
injection or continuous infusion. In some embodiments, formulations for injection are presented in unit dosage form, e.g.,
in ampoules or in multidose containers with optionally, an added preservative. In some embodiments, compositions are
suspensions, solutions or emulsions in oily or aqueous vehicles, and contain formulatory agents such as suspending,
stabilizing and/or dispersing agents.

[0203] The compositions also comprise preservatives, such as benzalkonium chloride and thimerosal and the like;
chelating agents, such as edetate sodium and others; buffers such as phosphate, citrate and acetate; tonicity agents such
as sodium chloride, potassium chloride, glycerin, mannitol and others; antioxidants such as ascorbic acid, acetylcystine,
sodium metabisulfote and others; aromatic agents; viscosity adjustors, such as polymers, including cellulose and
derivatives thereof; and polyvinyl alcohol and acid and bases to adjust the pH of these aqueous compositions as needed.
The compositions can also comprise local anesthetics or other actives. The compositions can be used as sprays, mists,
drops, and the like.

[0204] In some embodiments, pharmaceutical compositions for parenteral administration include aqueous solutions of
the active preparation in water-soluble form. Additionally, suspensions of the active ingredients, in some embodiments, are
prepared as appropriate oil or water based injection suspensions. Suitable lipophilic solvents or vehicles include, in some
embodiments, fatty oils such as sesame oil, or synthetic fatty acid esters such as ethyl oleate, triglycerides or liposomes.
Aqueous injection suspensions contain, in some embodiments, substances, which increase the viscosity of the
suspension, such as sodium carboxymethyl cellulose, sorbitol or dextran. In another embodiment, the suspension also
contains suitable stabilizers or agents which increase the solubility of the active ingredients to allow for the preparation of
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highly concentrated solutions.

[0205] In another embodiment, the active compound can be delivered in a vesicle, in particular a liposome (see Langer,
Science 249:1527-1533 (1990); Treat et al., in Liposomes in the Therapy of Infectious Disease and Cancer, Lopez-
Berestein and Fidler (eds.), Liss, New York, pp. 353-365 (1989); Lopez-Berestein, ibid., pp. 317-327; J. E. Diederichs and
al., Pharm./nd. 56 (1994) 267- 275).

[0206] In another embodiment, the pharmaceutical composition delivered in a controlled release system is formulated for
intravenous infusion, implantable osmotic pump, transdermal patch, liposomes, or other modes of administration. In one
embodiment, a pump is used (see Langer, supra; Sefton, CRC Crit. Ref. Biomed. Eng. 14:201 (1987); Buchwald et al.,
Surgery 88:507 (1980); Saudek et al., N. Engl. J. Med. 321:574 (1989). In another embodiment, polymeric materials can
be used. In yet another embodiment, a controlled release system can be placed in proximity to the therapeutic target, i.e.,
the brain, thus requiring only a fraction of the systemic dose (see, e.g., Goodson, in Medical Applications of Controlled
Release, supra, vol. 2, pp. 115-138 (1984). Other controlled release systems are discussed in the review by Langer
(Science 249:1527-1533 (1990).

[0207] In some embodiments, the active ingredient is in powder form for constitution with a suitable vehicle, e.g., sterile,
pyrogen-free water based solution, before use. Compositions are formulated, in some embodiments, for atomization and
inhalation administration. In another embodiment, compositions are contained in a container with attached atomizing
means.

[0208] In one embodiment, the preparation of the present invention is formulated in rectal compositions such as
suppositories or retention enemas, using, e.g., conventional suppository bases such as cocoa butter or other glycerides.

[0209] In some embodiments, pharmaceutical compositions suitable for use in context of the present invention include
compositions wherein the active ingredients are contained in an amount effective to achieve the intended purpose. In
some embodiments, a therapeutically effective amount means an amount of active ingredients effective for use in
preventing, alleviating or ameliorating symptoms of disease or prolonging the survival of the subject being treated.

[0210] In one embodiment, determination of a therapeutically effective amount is well within the capability of those skilled
in the art.

[0211] Some examples of substances which can serve as pharmaceutically-acceptable carriers or components thereof
are sugars, such as lactose, glucose and sucrose; starches, such as corn starch and potato starch; cellulose and its
derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose, and methyl cellulose; powdered tragacanth; mailt;
gelatin; talc; solid lubricants, such as stearic acid and magnesium stearate; calcium sulfate; vegetable oils, such as peanut
oil, cottonseed oil, sesame oail, olive oil, corn oil and oil of theobroma; polyols such as propylene glycol, glycerine, sorbitol,
mannitol, and polyethylene glycol; alginic acid; emulsifiers, such as the Tween™ brand emulsifiers; wetting agents, such
sodium lauryl sulfate; coloring agents; flavoring agents; tableting agents, stabilizers; antioxidants; preservatives; pyrogen-
free water; isotonic saline; and phosphate buffer solutions. The choice of a pharmaceutically-acceptable carrier to be used
in conjunction with the compound is basically determined by the way the compound is to be administered. If the subject
compound is to be injected, in one embodiment, the pharmaceutically-acceptable carrier is sterile, physiological saline,
with a blood-compatible suspending agent, the pH of which has been adjusted to about 7.4.

[0212] In addition, the compositions further comprise binders (e.g. acacia, cornstarch, gelatin, carbomer, ethyl cellulose,
guar gum, hydroxypropyl cellulose, hydroxypropyl methyl cellulose, povidone), disintegrating agents (e.g. cornstarch,
potato starch, alginic acid, silicon dioxide, croscarmelose sodium, crospovidone, guar gum, sodium starch glycolate),
buffers (e.g., Tris-HCI., acetate, phosphate) of various pH and ionic strength, additives such as albumin or gelatin to
prevent absorption to surfaces, detergents (e.g., Tween 20, Tween 80, Pluronic F68, bile acid salts), protease inhibitors,
surfactants (e.g. sodium lauryl sulfate), permeation enhancers, solubilizing agents (e.g., glycerol, polyethylene glycerol),
antioxidants (e.g., ascorbic acid, sodium metabisulfite, butylated hydroxyanisole), stabilizers (e.g. hydroxypropyl cellulose,
hyroxypropylmethyl cellulose), viscosity increasing agents(e.g. carbomer, colloidal silicon dioxide, ethyl cellulose, guar
gum), sweeteners (e.g. aspartame, citric acid), preservatives (e.g., Thimerosal, benzyl alcohol, parabens), lubricants (e.g.
stearic acid, magnesium stearate, polyethylene glycol, sodium lauryl sulfate), flow-aids (e.g. colloidal silicon dioxide),
plasticizers (e.g. diethyl phthalate, triethyl citrate), emulsifiers (e.g. carbomer, hydroxypropyl cellulose, sodium lauryl
sulfate), polymer coatings (e.g., poloxamers or poloxamines), coating and film forming agents (e.g. ethyl cellulose,
acrylates, polymethacrylates) and/or adjuvants.
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[0213] Typical components of carriers for syrups, elixirs, emulsions and suspensions include ethanol, glycerol, propylene
glycol, polyethylene glycol, liquid sucrose, sorbitol and water. For a suspension, typical suspending agents include methyl
cellulose, sodium carboxymethyl cellulose, cellulose (e.g. Avicel™, RC-591), tragacanth and sodium alginate; typical
wetting agents include lecithin and polyethylene oxide sorbitan (e.g. polysorbate 80). Typical preservatives include methyl
paraben and sodium benzoate. In another embodiment, peroral liquid compositions also contain one or more components
such as sweeteners, flavoring agents and colorants disclosed above.

[0214] In some embodiments, preparation of effective amount or dose can be estimated initially from in vitro assays. In
one embodiment, a dose can be formulated in animal models and such information can be used to more accurately
determine useful doses in humans.

[0215] In one embodiment, toxicity and therapeutic efficacy of the active ingredients described herein can be determined
by standard pharmaceutical procedures in vitro, in cell cultures or experimental animals. In one embodiment, the data
obtained from these in vitro and cell culture assays and animal studies can be used in formulating a range of dosage for
use in human. In one embodiment, the dosages vary depending upon the dosage form employed and the route of
administration utilized. The exact formulation, route of administration and dosage can be chosen by the individual
physician in view of the patient's condition. [See e.g., Fingl, et al., (1975) "The Pharmacological Basis of Therapeutics",
Ch.1p.1].

[0216] Depending on the severity and responsiveness of the condition to be treated, dosing can be of a single or a
plurality of administrations, with course of treatment lasting from several days to several weeks or until cure is effected or
diminution of the disease state is achieved.

[0217] The amount of a composition to be administered will, of course, be dependent on the subject being treated, the
severity of the affliction, the manner of administration, the judgment of the prescribing physician, etc.

[0218] In one embodiment, compositions including the preparation of the present invention formulated in a compatible
pharmaceutical carrier are also prepared, placed in an appropriate container, and labeled for treatment of an indicated
condition.

[0219] In another embodiment, a coagulation factor as described herein is lyophilized (i.e., freeze-dried) preparation in
combination with complex organic excipients and stabilizers such as nonionic surface active agents (i.e., surfactants),
various sugars, organic polyols and/or human serum albumin. In another embodiment, a pharmaceutical composition
comprises a lyophilized coagulation factor as described in sterile water for injection. In another embodiment, a
pharmaceutical composition comprises a lyophilized coagulation factor as described in sterile PBS for injection. In another
embodiment, a pharmaceutical composition comprises a lyophilized coagulation factor as described in sterile 0.9% NaCl
for injection.

[0220] In another embodiment, the pharmaceutical composition comprises the CTP-modified coagulation factor as
described herein and complex carriers such as human serum albumin, polyols, sugars, and anionic surface active
stabilizing agents. In another embodiment, the pharmaceutical composition comprises the CTP-modified coagulation
factor as described herein and lactobionic acid and an acetate/glycine buffer. In another embodiment, the pharmaceutical
composition comprises the CTP-modified coagulation factor as described herein and amino acids, such as arginine or
glutamate that increase the solubility of interferon compositions in water. In another embodiment, the pharmaceutical
composition comprises a lyophilized CTP-modified coagulation factor as described herein and glycine or human serum
albumin (HSA), a buffer (e g. acetate) and an isotonic agent (e.g NaCl). In another embodiment, the pharmaceutical
composition comprises a lyophilized CTP-modified coagulation factor as described herein and phosphate buffer, glycine
and HSA.

[0221] In another embodiment, the pharmaceutical composition comprising a coagulation factor as described herein is
stabilized when placed in buffered solutions having a pH between about 4 and 7.2. In another embodiment, the
pharmaceutical composition comprising a coagulation factor is in a buffered solution having a pH between about 4 and
8.5. In another embodiment, the pharmaceutical composition comprising a coagulation factor is in a buffered solution
having a pH between about 6 and 7. In another embodiment, the pharmaceutical composition comprising a coagulation
factor is in a buffered solution having a pH of about 6.5. In another embodiment, the pharmaceutical composition
comprising a coagulation factor as described herein is stabilized with an amino acid as a stabilizing agent and in some
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cases a salt (if the amino acid does not contain a charged side chain).

[0222] In another embodiment, the pharmaceutical composition comprising a coagulation factor as described herein is a
liquid composition comprising a stabilizing agent at between about 0.3% and 5% by weight which is an amino acid.

[0223] In another embodiment, the pharmaceutical composition comprising a coagulation factor as described herein
provides dosing accuracy and product safety. In another embodiment, the pharmaceutical composition comprising a
coagulation factor as described herein provides a biologically active, stable liquid formulation for use in injectable
applications. In another embodiment, the pharmaceutical composition comprises a non-lyophilized coagulation factor as
described herein.

[0224] In another embodiment, the pharmaceutical composition comprising a coagulation factor as described herein
provides a liquid formulation permitting storage for a long period of time in a liquid state facilitating storage and shipping
prior to administration.

[0225] In another embodiment, the pharmaceutical composition comprising a coagulation factor as described herein
comprises solid lipids as matrix material. In another embodiment, the injectable pharmaceutical composition comprising a
coagulation factor as described herein comprises solid lipids as matrix material. In another embodiment, the production of
lipid microparticles by spray congealing was described by Speiser (Speiser and al., Pharm. Res. 8 (1991) 47-54) followed
by lipid nanopellets for peroral administration (Speiser EP 0167825 (1990)). In another embodiment, lipids, which are
used, are well tolerated by the body (e. g. glycerides composed of fatty acids which are present in the emulsions for
parenteral nutrition).

[0226] The compositions of the present invention may be presented in a pack or dispenser device, such as an FDA
approved kit, which contain one or more unit dosage forms containing the active ingredient. In one embodiment, the pack,
for example, comprise metal or plastic foil, such as a blister pack. In one embodiment, the pack or dispenser device is
accompanied by instructions for administration. In one embodiment, the pack or dispenser is accommodated by a notice
associated with the container in a form prescribed by a governmental agency regulating the manufacture, use or sale of
pharmaceuticals, which notice is reflective of approval by the agency of the form of the compositions or human or
veterinary administration. Such notice, in one embodiment, is labeling approved by the U.S. Food and Drug Administration
for prescription drugs or of an approved product insert.

[0227] It will be appreciated that the CTP-modified coagulation factors of the present invention can be provided to the
individual with additional active agents to achieve an improved therapeutic effect as compared to treatment with each
agent by itself. In anembodiment, measures (e.g., dosing and selection of the complementary agent) are taken to avoid
adverse side effects which are associated with combination therapies.

[0228] Disclosed herein is a method of treating hemophilia in a subject comprising administering a CTP-modified Factor
Vlla (FVlla) polypeptide comprising a FVlla polypeptide and three chorionic gonadotrophin carboxy terminal peptides
(CTPs) attached to the carboxy terminus of said FVlla polypeptide to said subject, thereby treating hemophilia in said
subject.

[0229] In one embodiment, the present invention provides a CTP-modified Factor IX (FIX) polypeptide consisting of a FIX
polypeptide and three gonadotropin carboxy terminal peptides (CTPs) attached to the carboxy terminus of said CTP-
modified FIX polypeptide. In one embodiment, at least one CTP is attached to said FIX polypeptide via a linker. In an
embodiment, said linker is a peptide bond.

[0230] In one embodiment, the present invention provides a pharmaceutical composition comprising the CTP-modified
FIX polypeptide.

[0231] In one embodiment, the present invention provides a polynucleotide encoding a CTP-modified polypeptide
consisting of a Factor IX (FIX) polypeptide and three gonadotropin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of said FIX polypeptide. In another embodiment, the present invention provides a polynucleotide,
wherein the sequence of said polynucleotide is as set forth in SEQ ID NO: 30.As is generally known in the art, the modified
peptides and proteins of the invention may be coupled to labels, drugs, targeting agents, carriers, solid supports, and the
like, depending on the desired application. The labeled forms of the modified biologicals may be used to track their
metabolic fate; suitable labels for this purpose include, especially, radioisotope labels such as iodine 131, technetium 99,
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indium 111, and the like. The labels may also be used to mediate detection of the modified proteins or peptides in assay
systems; in this instance, radioisotopes may also be used as well as enzyme labels, fluorescent labels, chromogenic
labels, and the like. The use of such labels is particularly helpful if the peptide or protein is itself a targeting agent such as
an antibody or a receptor ligand.

[0232] Similar linking techniques, along with others, may be employed to couple the modified peptides and proteins of the
invention to solid supports. When coupled, these modified peptides and proteins can then be used as affinity reagents for
the separation of desired components with which specific reaction is exhibited.

[0233] It is also disclosed that the modified peptides and proteins of the invention may be used to generate antibodies
specifically immunoreactive with these new compounds. These antibodies are useful in a variety of diagnostic and
therapeutic applications, depending on the nature of the biological activity of the unmodified peptide or protein. It is to be
understood that the invention provides antibodies that are immunoreactive with CTP-modified FIX, FVII, or FVlla as
described herein. In one embodiment, such antibodies may be used to distinguish or identify CTP-modified coagulation
factors that were administered from endogenous coagulation factors. In another embodiment, the antibodies may be used
to localize administered CTP-modified coagulation factors.

[0234] Additional objects, advantages, and novel features of the present invention will become apparent to one ordinarily
skilled in the art upon examination of the following examples, which are not intended to be limiting. Additionally, each of
the various embodiments and aspects of the present invention as delineated hereinabove and as claimed in the claims
section below finds experimental support in the following examples.

EXAMPLES

[0235] Generally, the nomenclature used herein and the laboratory procedures utilized in the present invention include
molecular, biochemical, microbiological and recombinant DNA techniques. Such techniques are thoroughly explained in
the literature. See, for example, "Molecular Cloning: A laboratory Manual" Sambrook et al., (1989); "Current Protocols in
Molecular Biology" Volumes I-1ll Ausubel, R. M., ed. (1994); Ausubel et al., "Current Protocols in Molecular Biology", John
Wiley and Sons, Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning", John Wiley & Sons, New
York (1988); Watson et al., "Recombinant DNA", Scientific American Books, New York; Birren et al. (eds) "Genome
Analysis: A Laboratory Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (1998 ); methodologies
as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531; 5,192,659 and 5,272,057; "Cell Biology: A Laboratory
Handbook", Volumes I-lll Cellis, J. E., ed. (1994); "Culture of Animal Cells - A Manual of Basic Technique" by Freshney,
Wiley-Liss, N. Y. (1994), Third Edition; "Current Protocols in Immunology” Volumes I-1ll Coligan J. E., ed. (1994); Stites et
al. (eds), "Basic and Clinical Immunology" (8th Edition), Appleton & Lange, Norwalk, CT (1994 ); Mishell and Shiigi (eds),
"Selected Methods in Cellular Immunology”, W. H. Freeman and Co., New York (1980); available immunoassays are
extensively described in the patent and scientific literature, see, for example, U.S. Pat. Nos. 3,791,932; 3,839,153;
3,850,752; 3,850,578; 3,853,987; 3,867,517, 3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074,
4,098,876; 4,879,219; 5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, M. J., ed. (1984); "Nucleic Acid
Hybridization" Hames, B. D., and Higgins S. J., eds. (1985); "Transcription and Translation" Hames, B. D., and Higgins S.
J., eds. (1984); "Animal Cell Culture" Freshney, R. ., ed. (1986); "Immobilized Cells and Enzymes" IRL Press, (1986); "A
Practical Guide to Molecular Cloning" Perbal, B., (1984) and "Methods in Enzymology" Vol. 1-317, Academic Press; "PCR
Protocols: A Guide To Methods And Applications", Academic Press, San Diego, CA (1990 ); Marshak et al., "Strategies for
Protein Purification and Characterization - A Laboratory Course Manual" CSHL Press (1996 ). Other general references
are provided throughout this document.

EXAMPLE 1

Generation and Utilization of Coagulation Factor IX

Cloning and expression of recombinant FIX molecule:
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[0236] Factor IX clones were constructed in our eukaryotic expression vector pCl-neo (Promega, catalog no. E1841).
ORF Clone of Homo sapiens coagulation factor IX was ordered from "OriGene" (RC219065). Primers were ordered from
Sigma-Genosys.

Construction of 301-1-pCl-neo-p200-11 (Factor IX-ctp x2):

[0237]

Primer 101: 5' GTTTAGTGAACCGTCAGAAT 3' (SEQ ID NO: 36)

Primer 103R 5" TTGAGGAAGATGTTCGTGTA 3' (contains the Sspl site of factor 1X) (SEQ ID NO: 37)
A PCR reaction was conducted with primer 101 and primer 103R and plasmid DNA, cDNA clone of Factor IX (OriGene"

RC219065) as a template; as a result of the PCR amplification , a ~ 1085 bp (pcr 10) product was formed and purified
from the gel (the fragment containing the amino terminus of Factor IX sequence).

Primer 98: 5' ATTACAGTTGTCGCAGGTGA 3' (SEQ ID NO: 38)

Primer 99R : 5" GCTGGAGCTAGTGAGCTTTGTTTTTTCCTT 3' (SEQ ID NO: 39)

Primer 100: 5' GCTCACTAGCTCCAGCAGCAAGGCC 3' (SEQ ID NO: 40)

Primer 27R: 5' TTTTCACTGCATTCTAGTTGTGG 3' (SEQ ID NO: 41)

[0238] Three PCR reactions were performed. The first reaction was conducted with primer 98 and primer 99R and
plasmid DNA, cDNA clone of Factor IX (OriGene" ,RC219065) as a template; as a result of the PCR amplification, a ~ 540
bp product was formed.

[0239] The second reaction was conducted with primer 100 and primer 27R and plasmid DNA of 402-2-p72-3 (hGH-CTP-
CTP) as a template; as a result of the PCR amplification, a ~ 258 bp product was formed.

[0240] The last reaction (pcr 3) was conducted with primers 98 and 27R and a mixture of the products of the previous two
reactions as a template; as a result of the PCR amplification, a ~ 790 bp product was formed and ligated into TA cloning
vector (Invitrogen, catalog K2000-01). Sspl -EcoRI fragment was isolated (TA 3-3).

[0241] Another PCR reaction was conducted (pcr 12) with primer 101 and primer 27R and a mixture of the products of
pcr 10 and Sspl-EcoRI fragment from pcr 3 as a template; as a result of the PCR amplification, a ~ 1700 bp product was
formed (Factor IX-ctp-ctp) and ligated into TA cloning vector (Invitrogen, catalog K2000-01) (lig 180).

[0242] A mistake was found in the Factor IX sequence so fragments were replaced in order to form an insert of Factor 1X-
ctp-ctp with the correct DNA sequence.

[0243] TA- pcr 3-3 was digested with Sspl and Xbal and the large fragment was isolated (vector). TA 180-4 was digested
with Sspl and Xbal and the small fragment (insert) was isolated and ligated to the isolated large fragment of TA-pcr-3-
3digested with Sspl and Xbal. The new plasmid TA-183-2 was digated with Sal | and Notl, and the Factor IX-CTP-CTP
insert was isolated (~1575 bp). This fragment was inserted into eukaryotic expression vector pCl-neo (digested with Sal |
and Not I) to yield the 301-2-p200-11 clone.

[0244] pCl-dhfr -Factor 9- ctpx2 (p223-4) construction: Vector pCl-dhfr (p6-1) was digested with Smal and Notl.
Factor IX-CTP-CTP (p200-11) was digested with ASis| F.I. and Notl. The two fragments were ligated.

[0245] pCl-dhfr Factor 9-ctp x3 (p225-7) construction: Vector pCl-dhfr OXM-CTPx3 (p216-4) was digested with Xbal
and Apal. Factor IX-CTP-CTP (223-4) was digested with Xbal and Apal. The two fragments were ligated.
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[0246] pCl-dhfr Factor 9-ctp x3 T148A (p243-2) construction: Plasmid p225-7 contained Threonine at position 148,
since the more common version of FIX contains Alanine at this position, Thr was replaced to Ala using site directed
mutagenesis method.

Primer 75: ctcccagttcaattacaget (SEQ ID NO: 42)
Primer 122r: ggaaaaactgcctcagcacgggtgage (SEQ ID NO: 43)
Primer 123: gtgctgaggcagtttttcctgatgtggactat (SEQ ID NO: 44)

Primer 124r: caacacagtgggcagcag (SEQ ID NO: 45)

[0247] Three PCR reactions were performed. The first reaction was conducted with primer 75 and primer 122r and
plasmid DNA p225-7 as a template; as a result of the PCR amplification, a ~ 692 bp product was formed and purified from
the gel. A second PCR reaction was conducted with primer 123 and primer 124r and plasmid DNA p225-7 as a template;
as a result of the PCR amplification, a ~237 bp product was formed and purified from the gel. The third - overlap PCR
reaction reaction was conducted with primers 75 and 124r, and a mixture of the products of the previous two reactions as
a template; as a result of the PCR amplification, a ~ 910 bp product was formed. This overlap PCR product was digested
with Xbal and Nsil and re ligated into p225-7 plasmid (digested with Xbal and Nsil) to yield Factor IX-ctpx3 T148A
designated p243-2.

[0248] FIX-4CTP (p259-4) construction: 3.5CTP fragment was isolated from oxym-4CTP (p254-3) by restriction
enzymes Apa1 and Xbal. FIX+0.5CTP fragment was isolated from FIX-3CTP (p243-2) with restriction enzymes Apa1 and
Xbal. The two fragments were ligated.

[0249] FIX-5CTP (p260-18) construction: 4.5CTP fragment was isolated from oxym-5CTP (255-1) by restriction
enzymes Apal and Xbal. FIX+0.5CTP fragment was isolated from FIX-3CTP (p243-2) using enzymes Apa1l and Xbal. The
two fragments were ligated.

[0250] Dg44 cells were plated in 100mm tissue culture dishes and grown to 50-60% confluence. A total of 2 ug
(microgram) of FIX cDNA was used for the transfection of one 100mm plate using the FuGene reagent (Roche) in protein-
free medium (Invitrogene CD Dg44). The media was removed 48 hours after transfection and replaced with a protein-free
medium (Invitrogene CD Dg44) without nucleosides and in the presence of 800 pg/ml of G418 (Neomycin). After 14 days,
the transfected cell population was transferred into T25 tissue culture flasks, and selection continued for an additional 10-

14 days until the cells began to grow as stable clones. High expressing clones were selected. Approximately 2x107 cells

were used to inoculate 300 ml of growth medium in a 1700 cm? roller bottle (Corning, Corning NY) supplemented with 5
ng/ml of Vitamin K3 (menadione sodium bisulfate; Sigma). The production medium (harvest) was collected after a rapid
decrease in cell viability to about 70%. The production medium was first clarified and then concentrated approximately 20-
fold and dialyzed with PBS using flow filtration cassette (10KDa MWCO; Millipore Corp.).

[0251] Determination of FIX antigen level: FIX-CTP harvest antigen levels were determined using AssayMax Human
FIX ELISA kit (AssayPro-EF 1009-1). The calculated protein concentration is the average of three different dilutions in two
independent runs (Figure 1A, Table 1).

Table 1: Calculated protein concentration

FIX-CTP FIX-CTP-CTP

[0252] FIX SDS-PAGE - immune blot: FIX-CTP harvests or purified rhFIX (American Diagnostics), 100 ng of protein,
were loaded on 12% Tris-Glycine gel using Precision Plus Dual Color Protein Marker (Bio-Rad). The SDS-PAGE analysis
was performed by Western immunoblot using anti-human FIX polyclonal antibody and anti-human gamma carboxylation
monoclonal antibody (American Diagnostics). As previously reported, rhFIX migrated at 55KDa, while FIX fused to two
CTPs migrated at 75KDa. Both variants of FIX-CTP proteins were shown to be gamma carboxylated, an essential post-
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tranaslation modification for FIX activity and function (Figure 1B).

[0253] Determination of FIX chromogenic activity: A comparative assessment of the in vitro potency of FIX-CTP
harvests versus rhFIX protein (American Diagnostics) was performed using the commercially available chromogenic
activity test kit, BIOPHEN (Hyphen BioMed 221802). In the presence of thrombin, phospholipids, calcium, excess amounts
of FXla activates sampled FIX into FIXa. FIXa forms an enzymatic complex with thrombin, activated FVIII:C (supplied in an
excess amounts), phospholipids, and calcium and activates Factor X, present in the assay system, into FXa. The activity
directly correlates with the amount of FIX, which is the limiting factor. The generated FXa is then measured by its specific
activity on FXa chromogenic substrate (pNA). The amount of pNA generated is directly proportional to FlXa activity. rhFIX
and FIX-CTP harvests were serially diluted, and the potency was assessed by comparing a dose-response curve of the
FIX harvests to a reference preparation consisting of rhFIX or human plasma. The average EC50 of FIX was 21 ng/ml,
while the FIX-(CTP,) harvest calculated EC50 was 382 ng/ml, and the FIX-CTP harvest calculated EC50 was 1644 ng/ml.

An approximately 15-fold decrease in the enzymatic activity of the FIX-(CTP5) harvest was observed (Figure 2).

[0254] FIX Clotting activity (aPTT): The activated partial thromboplastin time (aPTT) is a measure of the integrity of the
intrinsic and common pathways of the coagulation cascade. The aPTT is the time, in seconds, for plasma to clot following
the addition of an intrinsic pathway activator, phospholipid and calcium. The aPTT reagent is called a partial
thromboplastin because tissue factor is not included with the phospholipid as it is with the protime (PT) reagent. The
activator initiates the system and then the remaining steps of the intrinsic pathway take place in the presence of
phospholipid. Reference aPTT range varies from laboratory to laboratory, but is usually in the range of 27-34 seconds.

[0255] The principal of the assay was to quantitate the ability of FIX-CTP harvests to restore the clotting activity of FIX-
depleted human plasma by the addition of rhFIX. 300 pl of FIX-deficient human plasma was mixed with 100pl of rhFIX or
FIX-CTP harvests and serially diluted. Following a 60 second incubation at 37°C, thromboplastin, CaCly, and

phospholipids were added to the mixture, and clotting time in seconds was determined (performed by American Medical
Laboratories). The potency was assessed by comparing a dose-response curve of the FIX harvests to a reference
preparation consisting of rhFIX or human plasma. One unit of FIX activity corresponds to the FIX concentration that
equals the activity of one ml normal human plasma. The presented aPTT results indicate that FIX-(CTP), exhibit a 5.7-fold
reduction in its specific coagulation activity compared to rhFIX (Table 2). Moreover, the aPTT results together with the
chromogenic activity in vitro assay suggest that FIX-(CTP)2 harvest has an improved enzymatic activity vs. FIX-CTP
harvest (Table 2). An improved activity of FIX-CTP proteins can be obtained following optimization of the expression
system (i.e. co-transfection with Furin and optimization of Vitamin K3 medium concentration), which was strengthened

following super-transfection with Furin (data not shown).
Table 2: FIX clotting activity

rhFIX{(A PTT(Sec) FIX-CTP PTT (Sec) FIX-CTP-CTP PTT (Sec)
D) (ng/ml) (ug/ml)
(ug/ml)

1.25 357 225 533 | 55.9

007812 521 0.140625 763 0.0625 774
5

[0256] Pharmacokinetic study: rhFIX (American Diagnostic) and FIX-CTP harvests were administered in a single
intravenous injection to Sprague-Dawley rats (six rats per substance) at a dose of 75 pg/kg body weight (Table 3).

Table 3: PK study plan of operation

No. of Dose §Dose Level . Con. §{ *Time -Points
Treated Test animals / Dose Gender | Level (Mg per Injected (Mg/ml§  (hours post-
Groups { Article Route > Vol. (ul)
group (Mg/kg) animal) ) dose)
0 (Pre-dose)
0.083, 0.5, 1.5,
1 rFIX 6 v M 75 15 500 30 4.8, 24, 48,
72.
0 (Pre-dose)
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Treated Test No. of Dose Dose {Dose Level Iniected Con. | *Time -Points
. animals / Gender | Level (Mg per ) (Mg/ml§  (hours post-
Groups { Article Route > Vol. (ul)
group (Mg/kg) animal) ) dose)
rF1X- 0.083, 0.5, 1.5,
2 CTP 6 v M 75 15 500 30 4.8, 24, 48,
72.
rFIX- 0083 05 15
3 CTP- 6 v M 75 15 1000 15 e o e
4, 8, 24, 48,
CTP 72

[0257] Blood samples were drawn retro-orbitally from 3 rats alternately at 0.083, 0.5 1.5, 4, 8, 24, 48, and 72 hours post-
dosing. Plasma was prepared immediately after sampling and stored at -20°C until analysis. FIX concentration was
quantitated by FIX ELISA-specific assay (AssayPro). A pharmacokinetic profile was calculated for each protein and
represents the mean of 3 animals at each time point (Figure 3). The terminal half-lives were calculated using PK solutions
2.0 software. Table 4 summarizes the observed FIX concentrations at the different sampling time points.
Table 4: Observed FIX concentrations
Time FIX-AD (ng/ml} FIX-CTP (ng/ml) FIX-CTP-CTP
(Hr)

(ng/ml)

[0258] The PK profile and summary of the terminal half-lives are summarized in Table 5. FIX-CTP harvests exhibit an
improved Tl values compared to rhFIX (2- and 5-fold increases, respectively). Since in FIX dosing collection, animal

serum concentrations of FIX at 24hr were below limit of quantitation (BLQ), additional PK parameters were not calculated.
Table 5: Summary of PK parameters

Product Terminal half-life- (hr) Ratio
(FIX-(CTP)x/rhF1X)

- F_CTP M

[0259] In this study, a novel approach was described for prolonging FIX half-life while retaining the therapeutic potency.
Adding a CTP peptide to an active protein has a harmful potential in interfering with the protein's activity. Therefore, the
generation of an active recombinant FIX-CTP by adding a CTP sequence at the C-terminus of the FIX is unexpected.

Characterization of an immunoaffinity purified FIX-CTP-CTP

FIX-CTP-CTP purification

[0260] In order to evaluate a protein at high grade content with increased activity whose PK profile mimics and can be
extrapolated to a clinical setting, FIX-CTP-CTP is a FIX modified with 2 CTP units in tandem in its carboxy-terminal. FIX-
CTP-CTP was purified using matrix-bound monoclonal antibody against y carboxyglutamyl (Gla) residues present in the
N-terminal region of FIX (American Diagnostics Cat. # 3570MX). The monoclonal antibody was bound to Sepharose CL-
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4B. The FIX-CTP-CTP harvest at a concentration of 88 pg/ml was dialyzed against 20mM Tris, 150Mm NaCl and 10mM
EDTA at PH =7.4. The loading rate was 0.5 ml/min, elution was performed using 20Mm Tris-HCI, 350 mM NaCl and 50
mM CacCl, and the unbound fraction was recycled five times. Finally, the elution fraction was dialyzed with PBS, pulled and
concentrated.

[0261] Determination of FIX antigen level: FIX-CTP harvests, FIX-(CTP), harvests, and FIX-(CTP)s purified protein

levels were determined using the Human FIX ELISA kit (Affinity Biologicals; Cat. #FIX-AG RUO). The calculated protein

concentration (ug/ml) is the average of two independent runs (Figure 4, Table 6).
Table 6: Caleulated protein concentration

FIX-CTP FIX-CTP-CTP FIX-CTP-CTP

[0262] Additionally, FIX-CTP-CTP was quantitated by Bradford assay. The calculated concentration was 202 pg/ml, which
is similar to the concentration obtained by human FIX ELISA.

[0263] SDS-PAGE blots: FIX-CTP-CTP harvest, unbound fraction and purified protein, were loaded on a 12% Tris-
Glycine gel using Precision Plus Dual Color Protein Marker (Bio-Rad). The SDS-PAGE Coomassie analysis was performed
by staining the gel with Coommasie blue reagent (800ng of protein). A Western immunoblot was performed with 100 ng of
protein, anti-human FIX polyclonal antibody (Ab), and anti-human gamma carboxylation monoclonal Ab (American
Diagnostics Cat #499 and #3570). The immunoaffinity purification procedure significantly enriched the FIX-CTP-CTP
portion while reduced impurity (Figure 5).

[0264] N-terminal sequencing: FIX-CTP-CTP purified protein was separated by 12% Tris-Glycine SDS-PAGE and
subsequently electro-blotted to PVYDF membrane. The band of interest was cut out and put on a purified Biobrene treated
glass fiber filter. The N-terminal sequence analysis was carried out by Edmann degradation using a pulsed liquid protein
sequencer equipped with a 140 C HPLC micro-gradient system. N-terminal sequencing revealed that FIX-CTP-CTP is a
mixture of incomplete and complete pro-peptide cleaved proteins. Inadequate pro-peptide cleavage was shown to reduce
FIX coagulation activity. By co-transfection with Furin, the pro-peptide cleavage process can be an improved.

[0265] Determination of FIX chromogenic activity: A comparative assessment of the in vitro potency of FIX-CTP-CTP
purified protein versus rhFIX (American Diagnostics) and a pool of human normal plasma was performed using the
commercially available chromogenic activity test kit, BIOPHEN (Hyphen BioMed 221802). In the presence of thrombin,
phospholipids and calcium, excess amounts of FXla activates FIX into FIXa. FIXa forms an enzymatic complex with
thrombin (supplied in excess amounts), phospholipids and calcium activates Factor X, present in the assay system, into
FXa. The activity directly correlates with the amount of FIX, which is the limiting factor. The generated FXa was measured
by its specific activity on FXa chromogenic substrate (pNA). The amount of pNA generated was directly proportional to
FIXa activity. rhFIX, human plasma and FIX-CTP-CTP were serially diluted, and potency was assessed by comparing a
dose-response curve (Figure 6). The average ECgg of rhFIX was 68.74 ng/ml while FIX-CTP-CTP calculated EC5¢ was
505 ng/ml. An approximately 7-fold decrease in the enzymatic activity of FIX-CTP-CTP was observed vs. recombinant FIX
and a 16.5-fold decrease versus normal human pulled plasma. This reduced activity could be explained by inadequate
cleavage of N-terminal pro-peptide, which was identified by N-terminal analysis.

[0266] FIX Clotting activity (aPTT): The activated partial thromboplastin time (aPTT) is a measure of the integrity of the
intrinsic and common pathways of the coagulation cascade. The aPTT is the time (measured in seconds) it takes plasma
to clot following the addition of an intrinsic pathway activator, phospholipid and calcium.

[0267] The assay quantitated the ability of the FIX-CTP-CTP protein to restore the clotting activity of FIX depleted human
plasma by the addition of rhFIX. 300 pl of FIX-deficient human plasma was mixed with 100 pl of rhFIX, FIX-CTP-CTP (FIX-
CTP-CTP (the CTP are in tandem at the C-terminal)), or normal pool human plasma which was further diluted. Following a
60 second incubation at 37°C, Tissue Factor (TF), CaCl,, and phospholipids were added to the mixture. Clotting time in
seconds was determined. Potency was assessed by comparing a dose-response curve of FIX-CTP-CTP to a reference
preparation of rhFIX or human plasma. One unit of FIX was defined as the amount of FIX which equals to the activity of 1
ml human normal plasma.
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[0268] The aPTT results indicate that FIX-CTP-CTP coagulation activity is only 1.4 less then normal pool human plasma
and similar to the rhFIX. The aPTT results together with the chromogenic activity in vitro assay suggest that FIX-CTP-CTP
purification did not damage its activity.

[0269] Pharmacokinetic activity of FIX-CTP-CTP: Purified FIX-CTP-CTP, rhFIX (American Diagnostic) and harvests
containing FIX-CTP-CTP and FIX-CTP were administered in a single intravenous injection to Sprague-Dawley rats (eight
rats per substance) in a dose of 100pg/kg body weight (Table 7).

Table 7: PK study outline

Treated No.of Dose Dose Level Injecte Con Time-Points
Groups Test Article  {animals/group/time { Level (Mg per d Vol. ( /ﬁwl) (hours post-
P point (ug/kg ) {animal) (W) Hg dose)
0 (Pre-dose)
0.083, 0.5, 1, 2,
A rFIX 8 100 20 500 40 47,10, 24, 48,
72.
0 (Pre-dose)
rFIX-CTP 0.083, 0.5, 1, 2,
B (harvest) |2 100 120 500 40 4.7,10, 24, 48,
72.
FIXCTP- 0085, 05,12
C )CTP(harvest 6 100 20 500 40 47,10, 24, 48,
72.
rFIX-CTP- 0.083,0.5 1, 2,
D CTP 4 100 20 500 40 4,7,10,24,4,8,
(purified) 72.

[0270] Blood samples were drawn retro-orbitally from 4 rats alternately at 0.083, 0.5, 2, 4, 7 10, 24, 48, and 72 hours
post-dosing. Citrated plasma (0.32%) was prepared immediately after sampling and stored at -20°C until analysis. FIX
concentration was quantitated using a human FIX ELISA kit (Affinity Biologicals). The pharmacokinetic profile was
calculated for each protein as the mean of 4 animals at each time point (Figure 7). The terminal half-life was calculated

using PK Solutions 2.0 Software. Table 8 summarizes the observed FIX concentrations at different sampling time points.
Table 8: Observed FIX concentrations

Time FIX-CTP FIX-(CTP)2 rhFIX ng/ml Purified FIX-
{hr) harvest harvest CTP-CTP

ng/ml ng/ml ng/ml
e -

[0271] A summary of the PK parameters are presented in Table 9.
Table 9: Summary of PK parameters

T4 (he) AUC ng- MRT (hr) Vd CL
hr/ml ml/Kg Ml/hr/Kg
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FIX-(CTP):2 10.44 9105.7 12 1654 10.9

harvest

Purified FIX- 11.14 63142 12.3 254.5 15.83
CTP-CTP

[0272] The FIX-CTP-CTP harvest demonstrated an improved PK profile compared to FIX-CTP harvest. Furthermore,
purified FIX-CTP-CTP exhibited a 3-fold increase in T4 value and a 4.5-fold increase in AUC compared to rhFIX.

[0273] The reduced amount of secreted FIX fused to tandem CTP molecules versus fusion of a single CTP appears to be
due to the addition of an extra CTP and not to reduced detection by ELISA, because the Bradford-purified FIX-CTP-CTP
calculated concentration was similar to the ELISA-calculated concentration.

[0274] FIX-CTP-CTP clotting activity was similar to pooled human plasma; however, its in vitro chromogenic activity was
significantly lower when compared to rhFIX or pooled human plasma. The chromogenic activity assay was reported as a
very sensitive assay compared to the coagulation assay. The reason for reduced activity of FIX-CTP-CTP may vary.
Addition of CTP may decrease the affinity of FIX to FXla or reduce post-transcriptional modifications (e.g. 12-10 GLA
residues and pro-peptide cleavage). N-terminal analysis revealed that the proteolytic cleavage of the FIX-CTP-CTP pro-
peptide was not fully completed prior to secretion. Since this post-transcriptional modification is crucial for the normal
enzymatic activity of the protein, co-transfection with Furine-PACE plasmid is favorable and may improve FIX-CTP-CTP
activity.

[0275] Finally, FIX-CTP-CTP comparative PK study in rats demonstrated that fusion of two tandem CTPs to the C-
terminal of FIX generated a FIX with an extended half-life.

[0276] FIX depleted mouse model: In order to assess the in vivo activity, FIX knockout mice are obtained, and a
breeding colony is established. 10ug of either commercial recombinant hFIX (BeneFIX®) or rFIX-(CTP)y (FIX-CTP-CTP)
are injected into the tail vein of an anaesthetized FIX knockout mouse (22-28g). The amount of injected protein equals to
the required concentration of FIX in normal plasma (5ug/ml). Blood samples are taken from the clipped tail into
heparinized capillary tubes at specific time points. Plasma samples are assessed for FIX levels by ELISA and efficacy is
measured by aPTT coagulation assay.

[0277] Increasing FIX Propeptide cleavage efficacy: CTP peptide cDNA was fused to the 3' end of human FIX cDNA.
The corresponding rFIX and Furin expressing constructs were co-transfected into Dg44 cells; a human rFIX cDNA was
also co-transfected with the Furin plasmid as a control. Secretion of high level of FIX leads to secretion of a mixture of pro-
factor and a mature factor FIX, due to limited amount of the Furin protease in the cell. Co-transfection of a Furin
expressing vector with a pro-factor expressing vector increases the recovery and result in the secretion of fully processed
FIX in to the medium.

[0278] Following FIX-(CTP), and Furin co-transfection, stable clones are generated and harvest is collected for pro-
peptide cleavage evaluation. 100 ng of protein, are loaded on 12% Tris-Glycine gel using Precision Plus Dual Color
Protein Marker (Bio-Rad). The SDS-PAGE analysis is performed by Western immunoblot using anti-human FIX polyclonal
Ab (American Diagnostics) and anti-pro-peptide polyclonal antibody. As previously reported, rhFIX migrated at 55KDa,
while FIX fused to two CTPs migrated at 75 kDa. Both variants of FIX proteins are shown to undergo a proper, full pro-
peptide cleavage.

[0279] To determine whether proper pro-peptide cleavage improves FIX-(CTP), enzymatic activity, a comparative
assessment of chromogenic and coagulation activity of FIX-(CTP), harvest co transfecated with Furin is performed. A

significant improvement in FIX-(CTP)» specific activity is observed, which is similar to rhFIX.

[0280] In conclusion, the results described herein suggest that FIX-CTP-CTP can be used efficiently for treating
Hemophilia B patients. FIX fused to CTP constructs benefit from improved in vivo pharmacologic performance that
overcomes the drawback in certain in vitro measures. This proposed treatment is advantageous over previous treatments
as the rate of infusions and the amount of required doses are reduced.
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[0281] It is important to notice that when an albumin-fused molecule strategy was used to improve the FIX half-life, the
recombinant FIX became inactive. The present novel approach lead to the design and purification of a novel recombinant
FIX-fused protein that presents an improved long-lasting activity. Since mere size modifications did not improve the
pharmacokinetics of injected FIX, the finding that CTP fused to FIX facilitates pharmacokinetic parameters was
unexpected. The presence of highly glycosylated peptide-sialic acid residues stabilized the protein and protected it from
interactions with vascular receptors without abrogating key determinants of FIX function.

[0282] FIX-CTP has a similar therapeutic efficacy to rFIX in hemophilia B patients and required less frequent dosing. A
single injection of FIX-CTP is sufficient to control bleeding episodes and reduce the number of injections that are needed
during surgical intervention in hemophilia B patients.

[0283] The CTP technology was utilized for the development of a long-acting FIX. Specifically, extending the half-life of
recombinant rFIX molecule was performed by fusion of at least one human CTP to FIX. The recombinant FIX-CTP was
expressed in mammalian cells and characterized in vitro and in vivo. It was demonstrated that the in vitro activity of rFIX-
CTP was comparable to rFIX. Pharmacokinetics and efficacy studies in rats demonstrated improved properties of the
rFIX-CTP. The results of this study demonstrate that it is feasible to develop a half-life extended rFIX molecule having
similar haemostatic properties to the wild type enzyme.

EXAMPLE 2

Comparative Assessment of Purified FIX-CTP3 vs. FIX-CTP4 and FIX-CTPs5

2.1 Study objective

[0284] A comparative assessment of the pharmacokinetic parameters of FIX-CTP4 and FIX-CTPg versus FIX-CTP3

following a partial purification process.

2.2 Production of FIX-CTP4 and FIX-CTP5 harvests

[0285] FIX cDNA (CriGene RC219065) fused at the C-terminal to four or five tandem CTP sequences was expressed in
Dg44 cells using Excellgene expression system in the presence of 10 ng/L of vitamin K3 (Sigma, Mennadion). The
harvests were collected (300ml), filtered and frozen.

2.3 Production of FIX-CTP3 harvest

[0286] FIX-CTP3 was expressed in-house in CHO cells using pCI-DHFR vector, clone 196, BR-9 in the presence of 25

ng/L of vitamin K3 (Sigma). The harvests were collected and filtered.

[0287] All FIX-CTP samples (3, 4 and 5 CTP) were purified only by Jacalin column because of a lack of material.

2.4 Determination of FIX antigen level

[0288] FIX antigen level was determined using Human FIX ELISA kit (Affinity Biologicals; Cat. # FIX-AG RUO). The
calculated protein concentration is the average of four independent runs. FIX-CTP3 concentration was slightly higher as

compared to the two additional versions (Table 10).
Table 10: FIX antigen level
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22541 925.63 160.07

2.5 FIX-CTP Coomassie stain and immune-blot

[0289] FIX-CTP3, FIX-CTP4, and FIX-CTPs harvests were loaded on 12% Tris-Glycine gel using Precision Plus Dual

Color Protein Marker (Bio-Rad). The SDS-PAGE analysis was performed by Western immuno-blot using anti-CTP
polyclonal Ab (Adar Biotech Production) or anti-Gla Ab (American Diagnostica).

[0290] As previously reported, FIX fused to three CTPs migrated at 80 kDa while FIX fused to four or five CTPs migrated
at 85 KDa or 90 KDa, respectively. As expected, FIX-CTP4 and FIX-CTP5 harvests from Excellgene showed very low

levels of gamma carboxylation compared to FIX-CTP3 harvest, which was produced at Prolor (Figure 8).

[0291] After a purification process utilizing Jacalin column (immunoaffinity purification of glycosylated proteins), FIX-CTP3,
FIX-CTP4, and FIX-CTPs were loaded on 12% Tris-Glycine gel using Precision Plus Dual Color Protein Marker (Bio-Rad).

The SDS-PAGE was stained by Coomassie blue Dye for samples detection. All variants showed much cleaner band
profiles (Figure 9), suggesting an improved purity.

2.6 Determination of FIX chromogenic activity

[0292] A comparative assessment of the in vitro potency of fully purified (HA column) FIX-CTP3, FIX-CTPy4, and FIX-CTPg
versus human pool normal plasma was performed using a commercially available chromogenic activity test kit, BIOPHEN
(Hyphen BioMed 221802). All samples were serially diluted, and the potency was assessed by comparing a dose-
response curve to a reference preparation of normal human plasma. The reduced chromogenic activity of FIX-CTP4 and
FIX-CTPs (Figure 10) as compared to plasma can be a consequence of improper post-transcriptional modifications of FIX
proteins, e.g. inappropriate gamma carboxylation and pro-peptide cleavage or, alternatively, due to the addition of CTP
cassettes. The fluctuation in the FIX-CTP4 and FIX-CTP5 activity (Table 11) might be caused by inappropriate quantitation
capabilities of the FIX ELISA due to CTP masking of the antigen site.
Table 11: Sample/plasma EC50 ratio

E CTP Final HA

5 CTP Final HA 2,73

2.7 Pharmacokinetic study

[0293] Jacalin-purified FIX-CTP3, FIX-CTP,4, and FIX-CTPg5 (Group A, B and C, respectively) were administered in a
single intravenous injection to Sprague-Dawley rats (six rats per treatment group) at a dose of 250 pg/kg body weight.
Blood samples were drawn retro-orbitally from 3 rats alternately at 0.083, 0.5 2, 5, 8, 24, 48, 72 and 96 hours post-dosing
(Table 12). Citrated plasma (0.38%) was prepared immediately after sampling and stored at -20°C until analysis.



Table 12: PK study plan of operation
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Treatm ent Treatment No. of Dose I(I)oseel_revel Injected {Conc. Time-Points (hr

Group animals/group jRoute a“ngi}nﬁ)al) Vol. (ul) (Mg/ml)  §ipost-dose)
FIX-CTP*3 0.083, 0.5, 2, 5,

A Jacalin 40 {° v 50 200 250 8,24, 48, 72, 96
FIX-CTP*4 0.083, 0.5, 2, 5,

B Jacalin 40 {° v 50 200 250 8,24, 48, 72, 96
FIX-CTP*5 0.083, 0.5, 2, 5,

c Jacalin 40 {° v 50 200 250 8,24, 48, 72, 96

[0294] FIX concentration in plasma samples were quantified using human FIX ELISA kits (Affinity Biologicals). The

pharmacokinetic profile was calculated and is the mean of 3 animals at each time point. Terminal half-lives were
calculated using PK Solutions 2.0 Software. Table 13 below summarizes the calculated FIX concentrations at the different
sampling time points.

Table 13: Calculated FIX concentrations

Av.3CTP
ng/ml

SD

[0295] The PK profile and a summary of the PK parameters are presented in Table 14 below and in Figure 11. A full PK
analysis profile at all time points suggested that addition of 4 or 5 CTP cassettes to FIX did not increase its half-life as
compared to FIX-CTP3. The AUC following FIX-CTPg administration increased by 1.4- to 1.6-fold versus FIX-CTP3, which
was not statistically significant.

Table 14: PK profile and a summary of the PK parameters

24- 96hr 3 CTP 4CTP 5 CTP
Half-life (hr) 20.43 22.02 23.96
AUC (ng-hr/ml) 8218.38 10504.49 13329.41
Vd (ml/kg) 700.76 586.02 494.89
CL (ml/hrikg) 23.77 18.45 14.32

[0296] Since 96 hr post-dosing samples were shown to have very low FIX concentrations, which were at the lower limit of
quantification of the assay, the terminal half-life was recalculated providing a more precise and scientifically appropriate
calculation (Table 15). According to this calculation, even smaller differences were obtained between the half-life of FIX-
CTP3, FIX-CTP4, and FIX-CTPs.

Table 15: Recalculated terminal half-life
8-72 hr

Half-life (hr)

5CTP
16.04

3CTP
15.38

4CTP
16.63

2.8 Conclusions:
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[0297] In this study, the pharmacokinetic parameters and potential clotting activity of FIX-CTP3, FIX-CTP4, and FIX-CTPg
were assessed. Fusion of 4 and 5 CTPs to FIX did not provide a superior or improved half-life extension, as compared to
FIX-CTP3, and reduced chromogenic activity was observed. Table 16 below summarizes the percent improvement of half-
life for the different FIX-CTP fused variants (1 to 5 CTPs). Fusion of CTP to FIX improved its pharmacokinetic behavior,
but, unpredictably, this improvement was limited. Surprisingly, following fusion of 3, 4 or 5 CTPs in tandem to FIX, a similar

half-life value was calculated.
Table 16: Summary of the percent improvement of half-life

TV (8-72hr)
% increase

FIX Version

1CTP vs, 2CTP

3CTPvs. 4CTP

[0298] These data suggest that fusion of 3 CTPs to FIX produces a maximal improvement in protein half-life, confirming
that FIX-CTP3 is the optimal variant in terms of half-life, structure and potential clotting activity for further clinical

development.

EXAMPLE 3

FIX-CTP3; TREATMENT OF FiX-I- HEMOPHILIC MOUSE MODEL

[0299] As described above, a study testing FIX-CTP, FIX-CTP5 and FIX-CTP3 harvest PK profile and coagulation activity
vs. rhFIX was conducted. FIX-CTP3 exhibited an improved PK profile while maintaining its coagulation activity vs. FIX-
CTP¢ and FIX-CTP, harvests or rhFIX. To further evaluate this result, FIX-CTP3 y-Carboxyglutamate protein was purified.
FIX-CTP3 exhibits a 3-fold increase in half-life and 4.5-fold higher AUC compared to rhFIX in normal rats following a single
IV administration. FIX-CTP3 demonstrated a reduced in vitro chromogenic and clotting activity, most likely due to

insufficient cleavage of N-terminal pro-peptide and in appropriate post-transcriptional modifications (PTMs), such as
appropriate gamma carboxylation.

[0300] In the current study, the pharmacokinetic and pharmacodynamic properties of human recombinant FIX fused to
three tandem CTPs were tested in FIX-deficient mice.

Study purpose:

[0301] To determine the pharmacokinetic and pharmacodynamic parameters of rFIX-(CTP)3 vs. commercial rhFIX
(BeneFIX®) in FIX-deficient mice following a single IV administration of FIX-(CTP)3 at a similar specific activity and dose

(similar specific activity to PD and similar FIX constant for PK).

Production of FIX-CTP3 harvest:

[0302] FIX cDNA (OriGene RC219065-Thr 148) fused at the C-terminal to three tandem CTP sequences was expressed
in Dg44 cells using Excellgene expressing system in the presence of 25 ng/ml of Vitamin K3 (Sigma, Mennadion). Five
separate batches containing 5 liters of cell suspension was cultured (total of twenty-five liters) and harvested following
viability decline to 60-70%. The harvest was filtered and frozen at -70°C.
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Determination of harvest FIX antigen level:

[0303] Harvest FIX antigen level was determined using a human FIX ELISA kit (Affinity Biologicals; Cat. # FIX-AG RUO).
The antigen level was calculated per each batch. The FIX concentration was maintained through the different batches

(Table 17).
Table 17; FIX antigen level

FIX antigen level

Av (ug/mb) ‘ 3274 ' 429

% CV §.84 8.38.2 94

FIX-CTP; purification process:

[0304] Following a short purification study, a purification process using the following 3 columns was performed: DEAE
Sepharose, Heparin Sepharose and HA Bio Rad Ceramic Hydroxyapatite type 1 (40 pm), FIX-CTP3. y-carboxylated
enriched protein was purified. In brief: Five liters of clarified harvest was thawed at 4°C over a 4 day period. For each
purification batch, the clarified harvest (2 liters) was concentrated 4-fold and dialyzed against 20 mM Tris-HCI pH 8.2
using a disposable hollow fiber cartridge with a nominal molecular weight cutoff size of 10 KDa. This process (UFDF 1) was
performed twice, and one liter of UFDF1 was loaded on DEAE Sepharose column, and Factor IX was eluted with 20 mM
Tris-HCI, 200 mM NaCl, 10 mM CaCl2 pH 8.2. The product was diluted 1:1 with 20 mM Tris-HCI, 10 mM CaCI2 pH 7.5,
and the pH was adjusted to 7.5 before loading on Heparin Sepharose column. The elution was performed with 20 mM
Tris-HCI, 300 mM NaCl, and 10 mM CaCl2 pH 7.5. The eluted product was concentrated and dialyzed against 10 mM
phosphate pH 6.8 using a Pellicon XL cassette 10 KDa cutoff membrane (UFDF2). The product was loaded on an HA
column, and the activated fraction of Factor IX was eluted with 150 mM phosphate pH 6.8. The purification product was
concentrated to a target concentration of 2 mg/ml and dialyzed against TBS pH 7.45, divided in aliquots and stored at
-70°C.

[0305] The purification process was repeated five times, on a weekly basis in order to purify the total volume (25 liters).
The purification processes were named HA# 6-10. Each purification product was separately evaluated (App # 1-5). At the
end of the purification process, the different batches were pooled and further concentrated to a target concentration of 4
mg/ml.

FIX-CTP; analytical properties:

Determination of FIX antigen level

[0306] FIX-CTP3 y-carboxylated enriched protein antigen level was determined using a human FIX ELISA kit (Affinity

Biologicals; Cat. # FIX-AG RUO). The calculated protein concentration is the average of two independent runs (Table 18).
Table 18: FIX-CTP; antigen level

FIX-CTP; FIA purilied pool BELISA #1 FIX-CTP; IIA purified pool- ELISA #2
Dil. L 2 | Av. Dil. 1 2| Av.

130000 | 3412240 | 3781830 | 3597035 130000 | 3692260 | 3568240 | 3630250

260000 | 3915600 | 4158440 | 4037020 260000 | 3706820 | 3595540 | 3651180 | 3844100

S20000 [ 4158544 | 4334096 | 4246320 520000 [ 3831464 | 3530748 | 3681106 | 3963713

1040000 | 4096352 | 4004104 | 4050228 1040000 | 3863392 | 3684304 | 3773848 | 3912038

A Av.
(ng/rnly 3ROS684 | 4069618 | 3982651 | chg/ml) 3773484 | 3594708 | 3684096 | 3833373
STD 338367.5 | 234486.7 | 274313.5 | STD BES7E:66 | 65369.65 | 63369.86 | 154459.6
BCV 8.685703 | 5761884 | 6.887712 | %OV 2294343 | 1818497 | 1.720092 2
Av. T Av. S :
tmg/ml) 3.895684 | 4.069618 ['3:982651 7] (mg/mi) 3.773484 | 3.594708 137684096 [

FIX-CTPy HA pusificd pool EITSA #1 FIX-CTP; HA pucificd pool- BT ISA #2



DK/EP 2822576 T3

il 1 2 | Av. L3il, 1 2| Av. b
130000 | 3412240 | 3781830 | 3597035 130000 | 3692260 | 3568240 | 3630250 | 3613643
260000 3915600 4158440 H037020 260000, 3706820 3595540 3651180 3844100
520000 4158544 4334096 4246320 520000 3831464 3530748 3681106 3963713
1040000 4096352 4004104 4050228 1040000 3863392 3684304 3773848 3912038
Ave Av.
(ng/ml) 3895684 4069618 3982651 | (ng/ml)y 3773484 3594708 3634096 3833373
BrD. 338367.5 | 234486.7 | 274313.5 | 81D 8G576.66 | 6536Y.65 | 6336986 | 154459.6
% CV 8.685703 | 5.7061884 | 6G.887712 | %V 2.294343 1818497 | 1.720092 | 4.02933§
Ay, S Av. R o
(meg/ml) 3.893684 | 4.069618 [FFHSI65T 4 (mg/mly 3.773484 | 3.594708 [’ 368400

SDS-PAGE blots:

[0307] FIX-CTP3 y-carboxylated enriched protein, rhFIX and rFIXa (activated FIX) were loaded on 12% Tris-Glycine gel

using Precision Plus Dual Color Protein Marker (Bio-Rad). The SDS-PAGE Coomassie analysis was performed by staining
the gel with Coomassie blue reagent (800 ng of protein) (Figure 12). A Western immunoblot was performed using 100 ng
of protein with anti-human FIX polyclonal Ab (Figure 12B), anti-human gamma carboxylation monoclonal antibody
(American Diagnostics Cat #499, 3570) (Figure 12C), anti-FIX pro-peptide polyclonal Ab (Figure 12D), and anti-CTP
polyclonal Ab (Figure 12E). As previously reported, FIX-CTP3 migrated at 75KDa.

[0308] The purification procedure significantly enriched FIX-CTP3 portion while reducing impurities. The purification

process yield was very low ranging around 2-3% (data not shown) due to the requirement to collect only the y-
carboxylated FIX-CTP3 fractions, as demonstrated in the anti-Gla immunoblot (Figure 12B). Based on the Coomassie and

FIX immunoblot, the FIX-CTP3 portion is only around 60-70%, and additional lower molecular weight bands, presumably

with lower glycosylation forms, were also detected.

FIX-CTP; clotting activity:

FIX-CTP_3 chromogenic activity:

[0309] A comparative assessment of the in vitro potency of FIX-CTP3 harvest and FIX-CTP3 y-carboxylated enriched
protein, versus human pool normal plasma was performed using a commercially available chromogenic activity test kit,
BIOPHEN (Hyphen BioMed 221802). FIX-CTP3 harvest and protein were serially diluted, and the potency was assessed
by comparing a dose-response curve to a reference preparation consisting of normal human plasma. As previously
demonstrated, FIX-CTP3 harvest was 50 times less active then human pool plasma (Table 19, Figure 13). Following FIX-
CTP3 purification, the chromogenic activity was significantly improved and was only 4.72 times less active then human
pool plasma (Table 19, Figure 13). Harvest reduced chromogenic activity can be a consequence of improper post-
transcriptional modifications of FIX protein variants, e.g. inappropriate gamma carboxylation and pro-peptide cleavage.
Following purification and enrichment of the FIX-CTP3 y-carboxylated fraction, the activity was improved, demonstrating

the important contribution of y-carboxylation to FIX activity.
Table 19: FIX-CTP; chromogenic activity

Sample ECso0 Sample
(ng/ml) /plasma ECso
ratio

FIX- 64.6 4.72

One stage clotting assay (aPTT):
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[0310] The activated partial thromboplastin time (aPTT) is a measure of the integrity of the intrinsic and common
pathways of the coagulation cascade. The aPTT is the time, in seconds, for plasma to clot following the addition of an
intrinsic pathway activator, phospholipid and calcium. The principal of the assay was to quantitate the ability of FIX-CTP3
to restore the clotting activity of FIX-depleted human plasma by the addition of rhFIX. 200 pl of FIX-deficient human
plasma was mixed with 25 pg/ml of FIX-CTP3 and further diluted in TBS. Following a 60 second incubation at 37°C, 50 pl
of PTT activator (Actin FS) and 50 pl of calcium 25 mM were added to the mixture, and the clotting time in seconds was
determined using a Sysmex® CA 1500 Coagulator (performed by Sheba hospital, National Coagulation Center using
validated aPTT assay). The potency was assessed by comparison of FIX-CTP3 to the dose-response curve of a reference
preparation of normal human pool plasma. The results are expressed in percent of activity interpolated from the standard
curve covering FIX levels of <1-110%. FIX-CTP3 exhibited a 15-20-fold reduction in its coagulation activity versus normal
human pool plasma since the activity at 5 pg/ml, which is the normal value of FIX in the body, was shown to be 6.5%
(Table 20).

Table 20: FIX-CTPj3 clotting activity

FIX Concentration by Concentration in tested FIX % of activity (normalized to
FIX- provider (mg/ml) sample (ug/ml) human normal pool plasma)
CTP; 25 34.7
3.83
5 6.5

[0311] FIX-CTPj3 also exhibited increased clotting time compared to BeneFIX® (Table 21 and Figure 14).
Table 21: Comparative clotting time (aPTT)

Clotting time

38ug/ml 77.6

7.6ug/ml 93.2 50.6

1.9ug/ml 1122 63.7

0.475ng/ml 83.7

[0312] An additional clotting assay was performed independently in FIX-deficient mice by Dr. Paul Monahan at University
of North Carolina prior to the initiation of the PK-PD study. The aPTT results suggested that FIX-CTP3 coagulation activity
is 40 times less then normal pooled human plasma as demonstrated by the longer period (as measured in seconds) and

higher concentration that are required for proper clotting activity (Table 22).
Table 22: Comparative clotting activity

0.475ug/ml 8.5

RUSHTE

[0313] The specific activity (u/ml), which was based on FIX antigen level as calculated by ELISA for FIX-CTP3 and
BeneFIX®, was 4.46 and 198.9 respectively.



DK/EP 2822576 T3

[0314] The inconsistency in the calculated FIX-CTP3 activity as demonstrated in the chromogenic vs. aPTT assays can
be explained by the superior sensitivity of the aPTT assay and in vivo relevance. In the chromogenic activity assay, an
excess amount of reagents and enzymes are present which can activate less potent FIX versions. The difference in the
FIX-CTP specific activity values can be explained by the use of different reagents and automated machines. The activity
value as calculated at University of North Carolina was used for the PK-PD study design.

FIXa Protein detection:

[0315] In order to confirm that following the purification process, FIX activation (FIXa) did not occur, a FIXa detection
assay was performed using FlXa Biophen Chromogenic Assay (Cat. # Ref. 221812). The assay measures the amount of
FIXa present in a specific sample using the chromogenic activity cascade, as previously described. FIX-CTP3 and rhFIX
were diluted and FIXa levels were evaluated. FIX-CTP3 wasn't activated through purification or storage (Table 23).

Table 23: FIXa detection

FID
Sample rhFIX
CTP3

Iy

(mg/ml)

[0316] FIX-CTP3 PK-PD study: FIX-CTP3 and rhFIX (BeneFIX®) were administered in a single intravenous injection to
C57BI FIX-deficient mice in a dose of 625 pg/kg body weight containing 100 IU FIX/kg body weight. Blood samples were
drawn retro-orbitally from 3 mice alternately at 0.25, 4, 24, 48, 72, and 96 hours post-dosing. Citrated plasma (0.32%) was
prepared immediately after sampling and stored at -20IC until analysis. hFIX antigen level was evaluated, and a detailed
PK analysis was performed. In order to evaluate the ability of FIX-CTP3 to elongate the clotting activity of FIX-deficient
animals compared to BeneFIX®, FIX activity in citrated plasma samples, collected from the FIX-/- treated mice, was
calculated using an automated FIX activity assay (Table 24).

Table 24: Study outline

Product { Administration Dose # Collection Points Required
mice (hr post-dosing) amount
**Cohort { FIX-CTP3§{ Single dose: IV 100I1U/Kg 12 mici 0.25, 1, 4,8, 16, 24, 6636ug
1 2.5lU/mouse e, 48
(553ug/mouse)
Cohort 2 {FIX-CTP3{ Single dose: IV **472ug/K g 18 *0.25,1%, 4*,8 *,16%, 200ug

12.57ug/mouse § mice 24*, 48*, 72*,96* {12.57ug/mouse

**Cohort | BeneFIX § Single dose: IV 1001U/Kg 18 0.25, 1,4,8,16, 24, 226.3 ug
3 ® 2.5lU/mouse mice, 48, *72,796 12.57ug/mouse

* PK collection points only
** Tail vein bleeding at T=48 post-dosing; cohorts 1 & 3

FIX-CTP3; Pharmacokinetic profile in FIX-= mice

[0317] FIX concentration was quantitated using human FIX ELISA kits (Affinity Biologicals; Cat. # FIX-AG RUO). The
pharmacokinetic profile was calculated for each protein and is the mean of three animals at each time point. Table 25
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below and Figure 15 summarize the calculated FIX concentrations at the different sampling time points for Cohorts 1 & 3.
The PK profile and a summary of the PK parameters are presented below (Tables 26 & 27). A PK analysis was also

performed for Cohort #2 in order to verify exposure (data not shown).
Table 25: FIX concentrations

Time FIX-CTPs BeneFIX®

1 241109 2416,248

8 1139.736 864.764

24 238.37 158.7973

48 95.461 42,28833

96 24,955 BLQ

[0318] A two-compartmental module was used (WinLin software) to determine AUCO-inf, T igrmina @nd clearance (CL).

The PK parameters are described below in Table 26.
Table 26: PK properties

FIX The TP AUC CL Vs
Version  (I/hr)  (L/hr) ngmhr  mUKghr  VRTED ke

FIX-CTP: 4 28.7 31770 19 22 4252

[0319] The addition of the three CTP "cassettes" to rhFIX elongated FIX half-life in vivo by at least 2.5-fold. AUC following
in vivo FIX-CTP3 administration increased 2-fold versus rhFIX. FIX-CTPg-injected mice demonstrated an improved PK

profile compared to BeneFIX®-injected mice.

FIX-CTP3; Pharmacodynamic profile in FIX-deficient mice:

[0320] In parallel to PK sampling, FIX-deficient animals administered with either BeneFIX® or FIX-CTP3, citrated plasma

samples, were evaluated for their clotting activity by aPTT assay, which was translated to % activity. The % activity at each
collection point was calculated as the current clotting time/clotting time of normal pool mice plasma*100. Table 27
summarizes the activity values following administration of either BeneFIX® or FIX-CTP3.

[0321] Following FIX-CTP3 administration, significant clotting activity was detected one hour after administration reaching
96% activity at four hours post-dosing, while BeneFIX® highest activity value was 40% (Table 27, Figure 16). FIX-CTP3

clotting activity was maintained for a longer period of time, demonstrating elongated activity. Clotting activity for the
BeneFIX®-treated mice was undetectable at time points later then 36 hours, while FIX-CTP3-treated mice continued to

retain measurable activity at 72 hours post-dosing (Table 27, Figure 16). Analysis of the % clotting pharmacokinetic profile
suggest that FIX-CTP3 clotting activity is maintained for a significantly longer period and its half life is almost 2-fold higher

than Benefix® (Table 28).
Table 27: FIX % of activity

Hr post-dosing BeneFIX® FIX-CTP3
% of activity % of activity




DK/EP 2822576 T3

Table 28: Clotting Activity

FIX Tea TP
Version (1/hr)  (1/hr)

FIX-CTP: 73 16

9.3 FIX-deficient mice bleeding challenge

[0322] FIX-deficient mice were administered a single intravenous injection of 100 |U/kg of BeneFIX® or rFIX-CTP3. The
tail vein was slightly clipped 48 hours post-dosing, and tail vein bleeding time (TVBT) and bleeding intensity (hemoglobin
OD) were evaluated. A second bleeding challenge was performed 15 minutes after reaching homeostasis, and the same
parameters were measured. Following the first bleeding challenge, FIX-CTPz-administered animals' bleeding was

significantly less intense then BeneFIX® bleeding as demonstrated by the Hemoglobin OD values (Figure 17).

[0323] Since it was previously reported that during the first bleeding challenge in hemophilic mice, the bleeding time does
not necessarily correlate with treatment efficacy, it is recommended to evaluate the homeostasis following additional
bleeding. Once the first bleeding was spontaneously or manually stopped, a second bleeding challenge was performed 15
minutes following the first one, and the time and bleeding intensity were re-measured. During the second bleeding
episode FIX-CTPz-administered animals had reduced bleeding time and intensity, demonstrating that FIX-CTP3 was

potent at a later time points (Figure 18).

[0324] Finally, the animals were further observed for the 12 hours following the second bleeding challenge, and all
recurring bleeding events were documented. FIX-CTPz-administered animals were able to maintain blood homeostasis for
the next 12 hours with no re-occurring bleeding events. In contrast, 50% of BeneFIX®-treated mice had spontaneous
bleeding episodes from the tail (Table 29).

Table 29: Outcome 12 hours after tail transection

Mouse group Delayed rebleeding Death or Distress Requiring Euthanasia
FIX-CTP; (1001U/kg) 0/5 (0%) 0/5
BeneFIX® (1001U/kg) 3/6 (50%) 0/6
FIX-/- (untreated) 5/6 (100%) 1/6

[0325] Recombinant FIX-CTP3, a fusion protein comprised of a single molecule of FIX fused to three CTP "cassettes” in

tandem was developed to address the short half-life of currently available FIX products used to treat patients with
hemophilia B. We have demonstrated that the elimination half-life of rFIX-CTP3 was consistently 2.5- to 4-fold longer than

rF1Xin rats (as previously reported) and in FIX-deficient mice.

[0326] Without being bound by theory, the fusion protein reduces clearance of FIX and protects FIX from protease
activity, degradation by masking and reduces the affinity of FIX for hepatic receptors. Taken together these characteristics
of the CTP domain extend the half-life of FIX.

[0327] In addition to pharmacokinetic analysis of rFIX-CTP3, we examined the pharmacodynamic properties of FIX-CTP3
in FIX-deficient mice. rFIX-CTP3 and rFIX, were administered at comparable doses (in units) to compensate for the
clotting deficiency levels in FIX-deficient mice. However, the effect of rFIX-CTP3 in FIX-deficient mice was significantly

prolonged to at least 76 hr after dosing, reaching a higher activity peak. FIX-CTP3 clotting activity began after a 1-hour
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delay compared to BeneFIX®. FIX activation may be required since the addition of three tandem CTPs might theoretically
mask the activation site and delay cascade onset. Following FIX-CTP3 administration, a 100% peak activity was observed,
while BeneFIX® activity was only 40%. The superior initial activity is a very important parameter and demonstrates that
addition of 3 CTPs has the potential to improve recovery.

[0328] Prophylactic FIX replacement therapy for patients with hemophilia B aims to maintain plasma levels of 1-2%
normal clotting activity. The tail vein bleeding assay is a sensitive /n vivo test that measures the ability to maintain bleeding
homeostasis at low activity values mimicking human bleeding homeostasis model. In response to tail vein bleeding
challenge 48 hours post-dosing, rFIX-CTPz-administered animals maintained blood homeostasis with shorter and less

severe bleeding episodes, demonstrating sustained clotting activity.

[0329] FIX is a complex protein that contains a number of functional domains which undergo extensive post-translational
modifications. One of the essential post-translational modifications for FIX activity is gamma-carboxylation of the first 12
glutamic acids in the Gla domain by vitamin K-dependent y-glutamyl carboxylase. This modification facilitates the binding
of FIX to phospholipid membranes and, thus, is critical to its function. FIX that is not gamma-carboxylated is not functional,
and hence gamma-carboxylation is a rate-limiting step.

[0330] This PK-PD study was conducted using transiently transfected cells. An extensive analytical evaluation of post-
translational modifications is performed on the stable FIX-CTPj3 protein produced and secreted from stable optimized

clone.

[0331] Based on the presented data, FIX-CTP3 coagulation factor has the potential to reduce the frequency of injections
in patients receiving routine prophylactic doses of FIX replacement therapy. It is anticipated that rFIX-CTP3 can confer

prolonged protection from bleeding following each dose of factor, decrease the overall units of factor needed to treat
bleeding episodes, and/or maintain adequate hemostasis during surgical procedures with fewer injections.

EXAMPLE 4

Generation and utilization of Coagulation Factor FVil

[0332] A long-acting version of activated Factor VII (FVIla) coagulation factor will be useful for the treatment of patients
with hemophilia A and B. FVIla-CTP 3 recombinant protein has the clinical potential to improve the treatment of hemophilia

patients by reducing the frequency of infusions and even by reducing the drug load, enabling a prophylactic treatment
approach which can significantly improves a patient's quality of life, avoid spontaneous bleeding episodes and
accumulated damage to the joint and other organs.

[0333] The generation of a recombinant FVIla-CTP molecule with an extended half-life based on fusion of FVII to a
human CTP is described herein. The recombinant FVIla-CTP was expressed in mammalian cells and characterized in
vifro and in vivo. It was demonstrated that rFVII-CTP activity was comparable to rFVII. Pharmacokinetic and efficacy
studies in rats demonstrated improved properties of rFVII-CTP. The results of this study demonstrated that it is feasible to
develop a half-life extended rFVIla molecule with very similar haemostatic properties to the wild-type enzyme.

[0334] Cloning and expression of recombinant FVII molecule: Several Factor VIl clones were constructed in our
eukaryotic expression vector (pCl-dhfrr) (Figure 19). Human MGC verified FL cDNA clone (IRCM) containing the
sequence of homo sapiens coagulation Factor VII was ordered from "Open Biosystems" (OB-MHS4426). The following
primers were synthesized by Sigma-Genosys in the following sequence: Primer 67:
5'CTCGAGGACATGGTCTCCCAGGCCC3' (contains the 5' end of Factor VII DNA and the restriction site of Xhol) (SEQ ID

NO: 5); Primer 68R: 5' TCTAGAATAGGTATTTTTCCACATG3' (contains the restriction site of Xbal) (SEQ ID NO: 6); Primer

69: 5' TCTAGAAAAAAGAAATGCCAGC3' (contains the restriction site of Xbal) (SEQ ID NO: 7); and Primer 70R:
5'GCGGCCGCATCCTCAGGGAAATGGGGCTCGCAS' (contains the 3' end of Factor VII DNA and the restriction site of
Notl) (SEQ ID NO: 8).

[0335] Cloning was performed in two sets of PCR reactions. The first reaction was conducted with primer 67 and primer
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68R using a cDNA plasmid with the Factor VIl sequence (OB-MHS4426) as a template; as a result of the PCR
amplification, a ~534 bp product was formed, isolated and ligated into a TA cloning vector (Invitrogen, Catalog No: K2000-
01). A Xhol -Xbal fragment containing the amino terminus of the Factor VIl sequence was isolated. The second reaction

was conducted with primer 69 and primer 70R and again, a cDNA plasmid with the Factor VIl sequence (OB-MHS4426)
was used as a template. As a result of the PCR amplification, a ~813 bp product was formed and ligated into TA cloning
vector (Invitrogen, Catalog No: K2000-01). A Xbal-Notl fragment containing the carboxy terminus of Factor VIl sequence
was isolated. The two fragments were inserted into our eukaryotic expression vector pCl-dhfr (triple ligation) to yield the
501-0-p136-1 clone.

[0336] Plasmid 501-p136-1 (Factor VIl in pCl-dhfr vector) was digested with restriction enzymes Xhol and Kpnl. A
fragment of ~1186 bp was isolated. A partial Factor VII clone (1180 bp-1322 bp) followed by a CTP sequence, termination
sequence and Notl sequence that was synthesized by GeneArt (0721543) was digested with restriction enzymes Kpnl and
Notl. Afragment of ~253 bp was isolated. The two fragments were inserted into our eukaryotic expression vector pCl-dhfr
(triple ligation) to yield the 501-1-p137-2 clone. pCl-dhfr-701-2-p24-2 was digested with restriction enzymes Xhol and
Apal, and the large fragment (vector) was isolated.

[0337] pCl-dhfr-501-2-p137-2 (Factor Vll-ctp x1) was digested with restriction enzymes Xhol and Apal, and a ~1200 bp
insert was isolated. The vector and insert were ligated to yield 501-2-p139-2. Dg44 cells were plated in 100 mm tissue
culture dishes and grown to confluence of 50-60%. A total of 2 pg of DNA was used for transfection of one 100 mm plate
using the FuGene reagent (Roche) in protein-free medium (Invitrogen CD Dg44). The medium was removed 48 hours
post-transfection and replaced with a protein-free medium (Invitrogen CD Dg44) without nucleosides. After 14 days, the
transfected cell population was transferred into T25 tissue culture flasks, and the selection was continued for 10-14 days

until the cells began to grow well as a stable clone. High-expressing clones were selected and approximately 2x107 cells

were used to inoculate 300 ml of growth medium in a 1700cm? roller bottle (Corning, Corning NY) supplemented with 5
ng/ml of Vitamin K3 (menadione sodium bisulfate; Sigma). The production medium (harvest) was collected after a rapid
decrease in the cell viability to around 70%. The production medium was first clarified and then concentrated
approximately 20-fold and dialyzed to PBS using flow filtration cassette (10KDaMWCO; Millipore Corp, Billerica, MA).

Determination of FVII antigen level

[0338] The cDNA coding the CTP peptide was fused to the 3' end of the cDNA coding human FVII. The corresponding
rFVII construct was transfected into Dg44 cells. As a control, a human rFVII cDNA was utilized. The production medium
(harvest) was collected, concentrated and the secreted recombinant FVII was further evaluated. rFVII, rFVII-CTP and
rFVII-CTP-CTP antigen levels were determined by AssayMax Human FVII ELISA kit (AssayPro) (Figure 20A). There was
no significant difference in the secretion level of rFVII-CTP and rFVII-(CTP); compared to native rFVII.

SDS-PAGE blots

[0339] SDS-PAGE analysis was done by loading 50 ng of either harvest, purified or activated rFVII protein. Samples were
loaded on 12% Tris-Glycine gel using Precision Plus Dual Color Protein Marker (Bio-Rad). The SDS-PAGE analysis was
done by performing a Western immunoblot using an anti-human FVII monoclonal antibody (Ab) (R&D systems) or anti-
CTP polyclonal antibody generated in Rabbit.

[0340] The level of rFVII antigen correlated with the detected protein level in a SDS-PAGE immunoblotted with anti-FVII
Ab. rFVII-CTP migrated as a single band, while the corresponding molecular weight of the FVII control was approximately
52 KDa (data not shown). Both proteins reacted with antibodies specific for FVII on immunoblots. The rFVII-CTP also
reacted with antibodies specific for CTP. rFVII was secreted in its zymogene form with no trace of activated protein.

FVII Chromogenic activity:

[0341] rFVII, rFVII-CTP and rFVII-(CTP), harvest activities were determined using a commercially available chromogenic
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test kit (AssaySense Human FVIlI Chromogenic Activity Assay Kit (AssayPro). For functional characterization of the rFVII-
CTP and its ability to be further activated (FVlla), concentrated rFVII-CTP (harvests) were placed in a commercially
available chromogenic test kit that measure the ability of TF/FVIla to activate Factor X to Factor Xa that in the presence of
FXa specific substrate releases a quantitated signal (AssayPro). The addition of the CTP peptide at the C-terminal of the
rFVII protein did not impair the FVII serine protease activity (Figure 20B, 20C).

FVII clotting activity:

[0342] Prothrombin time (PT) measures the extrinsic pathway of coagulation. The PT is the time (measured in seconds) it
takes plasma to clot following the addition of an extrinsic pathway activator, phospholipid and calcium. It is used to
determine the clotting tendency of blood, specifically in the measure of warfarin dosage, liver damage, and vitamin K
status. The reference range for prothrombin time is usually around 12-15 seconds. Specifically, the assay quantitated the
ability of FVII-CTP and FVII-(CTP), harvest to restore the clotting activity of FVII-depleted human plasma by the addition

of rhFVII. 300 pl of FVII-deficient human plasma was mixed with 100 pl of FVII, FVII-CTP and FVII-(CTP), harvests at

specific concentrations, or normal pool human plasma and were further diluted. Following a 60 second incubation at 37°C,
Tissue Factor (TF), CaCly, and phospholipids were added to the mixture. The clotting time in seconds was determined.

Potency was assessed by comparing a dose-response curve of FVII-CTP and FVII-(CTP), harvests to a reference

preparation consisting of rhFVII or human pool plasma. One unit of active FVIl was defined as the amount of FVII which
equals to the activity of one ml human normal plasma. The PT Clotting activity of rFVII and rFVII-CTP was measured on a
coagulometer (Instrumentation Laboratory).

[0343] As previously shown, the addition of a CTP peptide at the C-terminal of the rFVII protein did not damage its serine
protease activity and lead to the initiation and activation of a native Factor X and Factor IX in human plasma. Following the
insertion of an additional CTP at the C terminal, there was a three-fold reduction in the serine protease activity (data not
shown).

Pharmacokinetics study:

[0344] rFVII, rFVII-CTP, and rFVII-(CTP)2 harvests were administered intravenously to Sprague-Dawley rats (six rats per
substance) with a dose of 100ug/kg body weight. For all of the in vivo experiments, the amount of the respective protein
was determined on the basis of FVII ELISAkit. For each FVII test substance, the injected amount was calculated by taking
into account the differences in the molecular weight of rFVII versus rFVII-CTP, which leads to a different molar
concentration.

[0345] Blood samples were drawn retro-orbitally using an altering sampling scheme to minimize interference of the
sampling procedure levels to be quantified: from 3 rats at 30 and 90 min and at 2, 6, and 48 hrs, and from the remaining
three rats at 15 and 60 min and at 1.5, 4, and 24 hrs alternately. Plasma was prepared immediately after sampling and
stored at -20°C until analysis. FVII concentration was quantified by FVII ELISA specific assay. Half-life and area under the
curve (AUC) were calculated using a linear trapezoidal rule. Comparison of these clearance parameters revealed that the
in vivo half-life and rFVII-(CTP), AUC are significantly higher than those of rFVII (Table 30).

Table 30: PK study parameters

Group Route Dose TV AUCot CL/F MRT

FVIl v 60 4.07 ” . 6.195 6.2

CTP-
CTP

Characterization of recombinant FVIla-CTP:
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[0346] During activation, FVII is cleaved at R152 resulting in heavy and light chain domains that are held together by a
single disulfide bridge. rFVIla-(CTP); is purified and activated by an ion exchange column purification process. In order to
fully evaluate rFVlla-(CTP)y, the protein is loaded on SDS-PAGE under reducing conditions to commercial FVlla
(NovoSeven®). The heavy and the light chain domains are separated and migrate as separated bands of molecular
weights 55 and 25 KDa. Both proteins react with antibodies specific for FVII, but the heavy chain of the rFVIla-CTP
specifically reacts with anti-CTP-specific antibodies, indicating that this band represents the FVII heavy chain fused to
CTP. The light chain reacts specifically with anti-gamma carboxylase Ab. The FVlla protein concentration is determined by
FVlla-specific ELISA kit.

FVila N-terminal sequencing:

[0347] rFVII-CTP-CTP in activated or zymogene purified proteins is separated by SDS-PAGE (on 12% Tris-Glycine) and
subsequently electroblotted to a PVDF membrane. The bands of interest are cut out and put on a purified Biobrene-
treated glass fiber filter. The N-terminal sequence analysis is carried out by Edmann degradation using a pulsed liquid
protein sequencer equipped with a 140C HPLC micro gradient system. The identity of the recombinant protein and proper
pro-peptide cleavage is further verified by N-terminal sequencing.

FVlla clotting activity:

[0348] In order to evaluate FVII-(CTP), coagulation activity, activated partial thromboplastin time assay (aPTT) is
performed. FVIl-deficient plasma sample is substituted with rFVlla (NovoSeven®) or rFVlla-(CTP)2. 300 pl of FVII deficient
human plasma is mixed with 100 pl of FVlla or rFVlla-(CTP), at specific concentrations, or normal pooled human plasma
which is further diluted. Following 60 seconds incubation at 37°C. Tissue Factor (TF), CaCl,, and phospholipids are added

to the mixture. Clotting time in seconds is determined. Potency is assessed by comparing a dose-response curve of
rFVila-(CTP)s to a reference preparation consisting of rhFVIla or human pool normal plasma. One unit of FVlla is defined
as the amount of FVlla which equals to the activity of 1 ml human normal plasma. The aPTT clotting activity of rFVII and
rFVIla-(CTP), is measured on a coagulometer (Instrumentation Laboratory). The aPTT clotting activity of rFVlla and

rFVila-(CTP), is similar.

Pharmacokinetics studies in rats:

[0349] In order to characterize the influence of the CTP addition to the rFVlla on its longevity potential, a comparative
pharmacokinetic study in rats is performed. NovoSeven® (rFVlla) and rFVila-(CTP), in TBS are injected IV to 6 SD rats.
The levels of FVlla over time are detected using a FVIla ELISA kit. The half-life and AUC are calculated for each protein.
Comparison of these clearance parameters reveals that the in vivo measures of half-life, recovery, and AUC of the rFVlla-
(CTP), are superior to those of NovoSeven®.

FVIla-CTP in vivo efficacy model (FVIll-deficient mouse model of hemophilia):

[0350] In order to assess the in vivo activity model, FVIIl knockout mice are obtained, and a breeding colony is
established. 10 pg of either commercial recombinant hFVlla (NovoSeven®) or rFVIla-(CTP), are injected into the tail vein
of an anaesthetized FVIII knockout mouse (22-28g). The amount of injected protein equals to the required concentration
of FVIII in normal plasma (5pg/ml). Blood samples are taken from the clipped tail into heparinized capillary tubes at
specific time points. Plasma samples are assessed for FVlla levels by ELISA, and efficacy is measured by a PTT
coagulation assay.

[0351] In this study, a fusion construct of FVII with CTP is generated. This recombinant protein is the basis for a
treatment that provides a prolonged half-life and retention of therapeutic potency.
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[0352] These results suggest that rFVIla-(CTP)2 has a similar therapeutic efficacy to rFVlla in hemophilia patients.
Moreover, this technology requires less frequent dosing. It appears that a single injection of rFVlla-(CTP), is sufficient to

control bleeding episodes and reduce the number of injections that are needed during surgical intervention. This
recombinant protein may be used as a long term prophylactic treatment.

EXAMPLE 5

Comparative assessment of Purified FVII-CTP3, FVII-CTP4, and FVII-CTP5

5.1 Study objective

[0353] Comparative assessment of pharmacokinetic parameters and clotting activity of FVII-CTP4 and FVII-CTP5 versus
FVII-CTP3.

5.2 Production of FVII-CTP4 and FVII-CTP5 harvests

[0354] FVII cDNA fused at the C-terminal to four or five tandem CTP sequences was expressed in Dg44 cells using the
Excellgene expressing system in the presence of 20 pg/L of vitamin K3 (Sigma, Mennadion). The harvest was collected
(300 ml), filtered and frozen.

5.3 Production of FVII-CTP; harvest

[0355] FVII-CTP3 was expressed in-house in mammalian expressing system, CHO cells, using pCI-DHFR vector. Stable

transfected pool #71 was grown in shake flasks, in the presence of 25 ng/L of vitamin K3 (Sigma). The harvests were
collected and filtered.

[0356] All FVII-CTP harvests (3, 4 and 5 CTPs) were concentrated and dialyzed against TBS (50 mM Tris, 150mM NacCl,
pH 7.4) using Pellicon XL MWCO 10kDa.

5.4 Determination of FVII antigen level

[0357] FVII antigen level was determined using Human FVII ELISA kit (Zymotest HyPhen) (Table 31). The calculated

protein concentration is the average of two independent runs.
Table 31: FVII antigen level

5.5 FVII-CTP immune-blot

[0358] FVII-CTP3, FVII-CTP4, and FVII-CTPs harvests were loaded on 12% Tris-Glycine gel (expedeon) using Precision

plus dual color protein marker (Bio-Rad). The SDS-PAGE analysis was performed by Western immune-blot using anti-CTP
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polyclonal Ab (Adar Biotech Production) or anti-Gla Ab (American Diagnostica).

[0359] FVII fused to three, four and five CTP migrated at 80, 90 and 100kDa, respectively. As expected, FVII-CTP4 and
FVII-CTPs harvests from Excellgene contain low gamma carboxylation content as compared to FVII-CTP3 harvest which

was produced at Prolor since the production process wasn't optimized (Figure 21).

5.6 Comparative assessment of FVIl in vitro potency

[0360] A comparative assessment of the in vitro potency of HA purified (highly gamma carboxylated fraction) FVII-CTP3,
FVII-CTP4, and FVII-CTP5 versus normal human pool plasma was performed using a commercially available chromogenic
activity test kit, BIOPHEN (Hyphen BioMed 221304). All samples were serially diluted, and the potency was assessed by
comparing a dose-response curve to a reference preparation consisting of normal human plasma. FVII-CTP3 and FVII-
CTP5 demonstrated chromogenic activity lower than pooled normal plasma (Figure 22). FVII-CTP, demonstrated higher

activity as reflected by EC50 ratios, compared to FVII-CTP3 and FVII-CTPg (Table 32).
Table 32: FVII In Virre Clotting Activity

§ FVII 3CTP

FVII 5CTP 0.06 1.35 E

5.7 FVII In Vitro Clotting Activity:

[0361] Factor VIl (FVII) activity assay, which was performed in Sheba Medical Center, the Israel National Coagulation
Center, is a prothrombin (PT)-based assay using immuno-adsorbed plasma deficient in Factor VIl (Siemens). The PT

reagent is innovin, and the assay is performed in the Sysmex® CA 1500 instrument. FVII normal range is within 55-145%.
Table 33: FVIT In Virro Chromogenic Activity

[0362] Since the normal level of circulating FVII in the body is around 0.5 pg/ml, FVII-CTP3 and FVII-CTP5 harvests

exhibit 3-fold reductions in their coagulation activity versus normal human pool plasma; this result correlates with the
obtained chromogenic activity (Table 33).

[0363] The FVII-CTP4 harvest exhibits a 3-fold increase in its potential coagulation activity versus normal human pool
plasma as observed in the chromogenic activity assay (Table 33). The activity percentage of FVII-CTP,4 is much higher

compared to activity percentage of FVII-CTP3 and FVII-CTP5. Methodological limitations of the ELISA method may limit
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the accuracy of Ag level calculations of FVII-CTPy.

5.8 Pharmacokinetic study

[0364] Two pharmacokinetic studies were performed in order to determine the FVII-CTP3, FVII-CTP4, and FVII-CTPs
pharmacokinetics (PK) parameters. During the first study, FVII-CTP3, FVII-CTP4, and FVII-CTP5 (Group A, B and C,
respectively) were administered in a single intravenous injection to Sprague Dawley rats (six rats per treatment) in a dose
of 250 pg/kg body weight. Blood samples were drawn retro-orbitally from 3 rats alternately at 0.083, 0.5 2, 5, 8, 24, 48, 72
and 96 hours post-dosing (Table 34). Citrated plasma (0.38%) was prepared immediately after sampling and stored at
-20°C until analysis.

Table 34: Pharmacokinetic Study Design — Concentrated Harvest

[0365] FVII concentration in plasma samples were quantified using human FVII Elisa kits (Zymutest FVII-Biophen). The
pharmacokinetic profile was calculated and is the mean of 3 animals at each time point. Terminal half-life values were
calculated using PK Solutions 2.0 Software. Table 35 below summarizes the calculated FVII concentrations at the different

sampling time points. The PK profile (Figures 23-24) and a summary of the PK parameters (Table 36) are also presented
below. FVII-CTP5 demonstrated a superior profile as compared to FVII-CTP3 and FVII-CTP,4 (Table 36).
Table 35: First Pharmacokinetic Study - FVII Concentrations

374 2726 1127

Table 36: Pharmacokinetic Analysis

half-life (8-72hr) (hr)

Vd (mikg)(8-72hr)




DK/EP 2822576 T3

[0366] The addition of four or five CTPs significantly elongated FVII half-life as compared to 3 CTPs by 2- and 3-fold,
respectively (Table 36). This superiority was more significant in the initial part of the study (0.083-8 hr), suggesting a
potential improved protein recovery and reduced extra vascular clearance. AUC following FVII-CTP4 and FVII-CTPg
administration increased by 3- and 4-fold, respectively, versus FVII-CTP3. Clearance was also reduced while adding 4 and

5 CTPs to FVII (Table 36).

[0367] As observed in the study, the addition of four and five CTPs significantly elongated FVII half-life as compared to 3
CTPs, both in the initial and terminal half-life. The half-life values in the first and second study are different due to a
different analysis approach which was effected by the dose and study duration, nevertheless the overall trend was
maintained. The AUC following FVII-CTP,4 and FVII-CTP5 administration increased by 2.5- and 7-fold, respectively, versus

FVII-CTP3.

5.9 Conclusions:

[0368] In this study, the PK parameters and potential clotting activity of FVII-CTP3, FVII-CTP,4, and FVII-CTPs were

assessed. Fusion of 4 and 5 CTPs to FVII provided a superior and improved half-life, exposure and reduced clearance as
compared to FVII-CTP3 while maintaining a similar chromogenic and in vitro clotting activity. These results were observed

at different concentrations of protein and were consistent for both harvest and purified protein. While evaluating the overall
effect of fusion of CTP at the C terminus to FVII, fusion of 1-5 CTPs considerably increased the half-life and AUC of FVII in
a CTP proportional manner, suggesting that as the CTP portion of the molecule increases, FVII longevity and stability is

significantly improved while maintaining its initial in vitro clotting activity, as summarized in Table 37 hereinbelow.
Table 37:

{ FVII-CTP4 vs. FVII-CTPs 6

[0369] As previously reported, FVII half-life correlates with the half-life of the activated form of FVII (FVlla) both in
humans and animals. Therefore, it is anticipated that a similar improvement in half-life will be obtained for the activated
versions following CTP fusion.

EXAMPLE 6

FVII-CTP; feasibility studies in FVlli-deficient hemophilic mice

[0370] Studies described hereinabove testing FVII-CTP, FVII-CTP, and FVII-CTP3 harvest PK profile and coagulation
activity vs. a commercial FVIl were conducted. FVII-CTP3 exhibited an improved PK profile while maintaining its
coagulation activity vs. FVII-CTP and FVII-CTP, harvests or rhFVII. In order to further characterize FVII-CTP3 in vitro and

in vivo properties, a mini stable pool expressing and secreting the protein was generated, and purification and activation
processes were developed.

[0371] In the current study, the pharmacokinetic and pharmacodynamic properties of FVlla-CTP3 were tested in FVIII-

deficient mice. The PK profile of the protein was evaluated. A FVlla specific activity-based PK profile was established and
compared to commercial product NovoSeven®. In addition, the long-lasting in vivo hemostatic capabilities of FVIla-CTP3

to induce coagulation in FVIII-deficient mice after a tail vain transection (survival study) were tested.

Study Objectives:
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[0372] To evaluate the pharmacokinetic and pharmacodynamic parameters of FVIla-CTP3 vs. commercial rhFVlla

(NovoSeven®) in FVIII-deficient mice following a single 1V administration at a similar activity dose.

[0373] To determine the in vivo ability of FVIla-CTP3 to maintain homoeostasis in FVIlI-deficient mice by a single IV
administration of FVIla-CTP3 and NovoSeven® at a similar activity dose followed by a challenge of tail vein transection

(survival study).

Production of FVII-CTP3 harvest:

[0374] FVII-CTP3 was expressed in-house in Dg44 cells using a pCI-DHFR vector. Stable transfected pool #71 was

grown in shake flasks, in the presence of 25 ng/L of Vitamin K3 (Sigma). Cell suspension was cultured and harvested
following viability decline to 60-80%. The harvest was filtered and frozen at -70°C.

Determination of harvest FVII antigen level:

[0375] FVII antigen level was determined using human FVII ELISA kit (Zymotest HyPhen) (Table 38). The antigen level

was calculated per each pooled harvest batch.
Table 38: FVII-CTP; antigen level

%CV 9.1 0.1 4.9

FVII-CTP; purification process (Figure 25)

Process outline

[0376] Following a short purification study, the following purification process using 2 columns was performed. VII-Select
affinity column (GE) and Ceramic Hydroxyapatite type 1 (HA), 40 uym (Bio Rad), FVII-CTP3 y-carboxylated enriched

protein was purified. Auto-activation was induced by incubation of purified FVII-CTP3 in the presence of CaCl, overnight at

2-8°C. The purification process is in its final developmental stage and is being optimized, thus part of the purification steps
are not identical in the two batches.

Ultra-filtration/diafiltration (UFDF) using 10kDa hollow fiber or Pellicon cassette

[0377] Clarified harvest was thawed at 4°C over the weekend (2-3 days).

[0378] In Batch 31, clarified harvest (12 liters) was concentrated 4-fold (in two successive runs) using a hollow fiber
cartridge (GE Healthcare Catalog # UFP-10-C-4X2MA) with a 10 KDa molecular weight cut-off. Concentrated harvest was
dia-filtrated against 1-2 volumes of TBS (50mM Tris 150mM NaCl pH 7.4).

[0379] In Batch 38, clarified harvest (8.5 liters) was concentrated 4-fold using a Pellicon 2 (Millipore) cassette with a 10
KDa molecular weight cut-off. Concentrated harvest was directly loaded on VII-Select column.

[0380] Both ultra-filtrations were performed on ice with ice cold buffers. UFDF samples were filtered 0.22 pm before
loading.



DK/EP 2822576 T3

Capture on FVII-Select column

[0381] The UFDF or concentrated harvest was loaded on VII-Select column (XK16/20, CV 18ml), pre-equilibrated with
TBS pH 7.4. The column was washed with 50 mM Tris-HCI, 0.5M NaCl pH 7.5, and FVII-CTP3 was eluted with 50 mM

Tris-HCI, 1M NaCl 50% (v/v), Propylene Glycol pH 7.5. The process was performed in two successive cycles utilizing the
same column.

Gamma carboxylation-based separation on a ceramic hydroxyapatite column

[0382] The eluted product was diluted 1:10 with 10 mM sodium phosphate pH 6.8 and loaded on ceramic hydroxyapatite
columns (XK16/20, CV 24ml). The column was washed with 59 mM sodium phosphate pH 6.8 and the y-carboxylated rich
fraction of Factor VIlI was eluted with 500mM sodium phosphate pH 6.8. This process was performed in two successive
cycles on the same column. At each batch, the eluates of the two cycles were pooled and concentrated to 1.7-2 mg/ml
and dia-filtered with 20 mM Tris-HCI, 100 mM NaCl pH 8.2 to reduce volume and prepare the material for the activation
step.

FVII activation

[0383] Purified FVII-CTP3 was diluted to 1 mg/ml and incubated in 20 mM Tris-HCI, 100 mM NaCl and 1mM CaCl, pH 8.2

at 2-8°C for 24 hours. Activation was terminated by buffer exchange (UFDF) to preliminary formulation buffer (20 mM
Citrate, 240 mM NaCl, 13.3 mM Glycine, pH 6.9).

FVII-CTP; and FVIla-CTP; analytical properties:

SDS-PAGE and Western blots

[0384] Purified FVII-CTP3, and FVlla-CTP3 were loaded on 12% Tris-Glycine gel using Precision Plus Dual Color Protein

Marker (Bio-Rad). The SDS-PAGE Coomassie analysis was performed by staining the gel with Coomassie brilliant blue
reagent (5 or 10 pg of protein/lane). Western blot analysis was performed (1 pg of protein/ lane) using anti-human FVII
polyclonal Ab (R&D systems; AF2338), anti-human gamma carboxylation monoclonal antibody (American Diagnostics
Catalog #499, 3570), and anti-CTP polyclonal Ab. Under reduced conditions, FVII-CTP3 migrated at 75KDa, and FVlla-

CTP3 migrated as two main bands: a heavy chain at 50 kDa, and a light chain at 25 kDa, represented in Figure 26 as

Bands 2 and 3, respectively.

[0385] The purification procedure significantly enriched the FVII-CTP3 portion while reducing impurities. The purification

process yield was 25-30% FVII (according to ELISA). Most of the protein lost during purification had low FVII chromogenic
activity or no activity. Based on Coomassie-stained SDS-PAGE, the reduced FVIla-CTP3 contains more than the predicted

bands. A band migrating to around ~75 kDa represents non-activated FVII (Figure 26, Band 1). This band consists of two
bands with minor MW differences, which might reflect different y-carboxylation content. Additional bands with MW lower
than 20 kDa were observed. This was previously reported to be degradation products of the heavy chain.

FVII-CTP3; chromogenic activity:

[0386] A comparative assessment of the in vitro potency of FVII-CTP3 harvest, in-process fractions, and purified FVII-
CTP3 versus human pool normal plasma was performed using a commercially available chromogenic activity test kit,

BIOPHEN (Hyphen BioMed 221304). FVII-CTP3 harvest and protein were serially diluted and the potency was assessed
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by comparing a dose-response curve to a reference preparation of normal human plasma. Following FVII-CTP3
purification, the chromogenic activity was significantly improved, and non-active fractions were separated mainly by HA
column (Figure 27). A strong correlation between FVII chromogenic activity and detection of FVII with monoclonal anti-Gla
antibodies in Western blot was observed. The potency of FVII chromogenic activity as reflected by EC50 value in harvest
is affected from both carboxylated and non-carboxylated FVII fractions. Following purification and enrichment of FVII-
CTP3 y-carboxylated fraction, the activity was improved, demonstrating the important contribution of y-carboxylation to
FVII activity (Figure 27). This parameter is crucial for proper FVII in vivo activity and will be further addressed in a clone
development program.

Protein determination by A280

[0387] The theoretical extinction coefficient of FVIla-CTP3 and NovoSeven® was calculated using the ProtParam

algorithm (http://web.expasy.org/protparam). The calculation is based on amino acid sequence. The calculated extinction
coefficients for FVII-CTP3 and NovoSeven® is 1.186 and 1.406, respectively. These values represent the absorbance of 1

g/L at 280 nm.

[0388] The extinction coefficient difference between the two proteins derives solely from the increase in molecular weight
of FVIla-CTP3 compared to NovoSeven®, since CTP lacks aromatic and cysteine residues, thus does not contribute to the

absorbance.

[0389] Protein determination by A280 is used for final FVII, and for purified in-process samples, starting from the elution
of VII-Select column.

Determination of FVlla antigen level

[0390] FVlla antigen level was determined using Human FVlla ELISA kit (IMUBIND, American Diagnostica). The antigen
level was calculated per each batch. However, this tool was not useful for the determination of the dose for injection, since
it did not represent the amount of active product.

Clotting assay of FVlla- Staclot® Vlla-rTF

[0391] FVlla is derived from an intra-chain cleavage of the single-chain FVII. Native tissue factor (TF) is a cofactor of
FVlla. Upon binding to TF, FVII mediates the activation of Factor X to Xa, while itself is transformed to FVlla. The soluble
tissue factor is the extracellular part of native tissue factor. It can no longer activate FVII by auto-activation, but the FVlla
bound to tissue factor can activate FX to FXa.

[0392] The recombinant soluble tissue factor (rsTF) used in this assay utilizes the FVlla specificity to construct a FVlla
clotting test. rsTF, in the presence of FVlla, calcium and phospholipids leads to coagulation of plasma, without activating
FVII to FVlla.

[0393] The observed clotting time in this system has an inverse relationship with the FVlla content in the tested sample,
with no interference of FVII presence in the sample.

[0394] The assay was performed by Omri Laboratories (Nes-Ziona, Israel). FVlla activity was evaluated for both
NovoSeven® following reconstitution and FVIla-CTP3 prior to each study. NovoSeven® activity did not correlate with the

anticipated activity as reported on the vial, but the discrepancy might be due to a different approach for activity evaluation.
Table 39 summarizes the FVlla clotting activity per volume without considering the protein concentration.

Table 39: FVila clotting activity of batch products
PK study Survival Study

FVIIa-3*CTP (FVIla 31) {NovoSeven® {FVIla-3*CTP (FVIla 38) {NovoSeven®
Activity (U/ml) 1.3E+06 2.5E+05 1.3E+06 7.4E+05
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Specific activity of FVIla-CTP3

[0395] FVlla specific activity (which is calculated as the activity/ml divided by protein concentration) was calculated based
on A280 and is presented in Table 40. When comparing the specific activity of the two molecules, which differ in MW,
compensation must be made in order to normalize the activity (i.e. because of the molecular weight difference, the
number of active sites in 1 mg of NovoSeven® is 1.185-fold higher than in FVIla-CTP3). Calculation of the conversion

factor is presented in the following equation:
SA(FVla-CTP,)

Normalized_ SA = ———————xMW(Native _FVIl) =
MW.{FVIl CTP,)
SA(FVIla CTP,)
=——————="x45079.1Da = SA(FVila-CTP,)*1.185
53419,5Da
Table 40: FVIla-CTP3 specific activity compared to NovoSeven®
rot Specific Activity Fold
I Average{STDV} , cv Extinctioni P u/ml decrease
sample 1" 2280 |(n=9)} €V {coefficient] SONC: ml | u/mg | U/mg from
(mg/mi) protein i FVlla iNovoSeven®
NovoSeven®; 1.274 {0.031{2.398 1.406 0.906 {8.36E+05{9.23E+05{9.23E+05 1.0
FVIla-CTP3 | 4.396 {0.092}2.094 1.186 3.706 {7.23E+05§1.95E+05§{2.31E+05 4.0

FVIla-CTP; PK-PD study:

Study outline

[0396] FVIla-CTP3 and rhFVlla (NovoSeven®, NS) were administered in a single intravenous injection to C57B FVIII-
deficient mice at a dose of 6.4E6 U/kg body weight (160,000 U/animal). Blood samples were drawn retro-orbitally from 4
mice alternately at 0.166, 0.5, 2, 4, 8, 12, 24, 34, 48, 58, and 72 hours post-dosing (Table 41). Citrated plasma (0.32%)
was prepared immediately after sampling and stored at -20°C until analysis. FVlla clotting activity level was evaluated, and
a detailed PK analysis was performed. The study was performed by Omri Laboratories (Nes-Ziona, Israel).

Table 41: Study outline

Treated Test No. of Dose {Amount of Injected §Time-Points
Groups {Article janimals/group/timepoint;Route jUnits/animal Vol. (ul) {(hours post-dose)

0 (Pre-dose) 0.166,

A rhFVlla 4 IV 1.6e5 200 05,2, 4,8, 12, 24,
34, 48, 58, 72

FVlla - 0 (Pre-dose) 0.166,

B cTp 4 IV 1.6e5 200 {0.5,2, 4,8, 12, 24,
3 34, 48, 58, 72

FVIla-CTP; PK profile in FVIlI-deficient mice

[0397] FVlla activity in blood samples was quantitated using a Staclot® Vlla-rTF kit (Stago, Parsippany, NJ). The
pharmacokinetic profile was calculated for each protein and represents the mean of 4 animals at each time point. Figure
28 presents the PK profile of FVIla throughout the experiment. FVlla recovery is presented in Table 42. A summary of the
PK parameters is presented in Table 43.

[0398] Table 41 summarizes the clotting activity values following administration of either NovoSeven® or FVlla-CTPs.
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FVIla-CTP3 and NovoSeven® reached maximal activity half an hour post-dosing. NovoSeven®'s highest activity value
reached only 43% of FVIlla-CTP3's maximal activity value. FVIla-CTP3 clotting activity was maintained for a longer period
of time, demonstrating elongated activity. Clotting activity for the NovoSeven®-treated mice was undetectable at time
points later than 12 hours, while FVII-CTP3 treated mice continued to retain measurable activity at 48 hours post dosing
(Table 41 and Figure 28).

[0399] The addition of three tandem CTP copies to FVlla elevated recovery by 100% (Table 42), as measured by the
highest activity post-dosing and compared to the anticipated activity based on in vitro analysis, and increased the half-life

and mean resident time (MRT) 5-fold. The exposure time (AUC) was increased 3-fold (Table 43).
Table 41; FVIIa clotting activity following single IV injection

3.2E+07
2.1E407 39E+06

48 1.5E+03 BLQ
Table 42: FVlla-CTP3 recovery
Treated. Test Amount of a dmi:;:t(;t;ggl dose *Anticipate Cmax Cmax %Recover
Groups | Article {Units/animal (U/ml) (U/ml blood) (U/ml) o y
A rFVila 1.60E+05 1.20E+06 1.40E+05 4.25E+04 30
B FVila - 1.60E+05 1.29E+06 1.50E+05 9.74E+04 64.6
CTPy
*anticipated Cmax is derived from administered dose divided in blood volume

Table 43: PK parameters of FVIIa-CTP3 vs. NovoSeven®

Thrombin generation assay (TGA)

[0400] The generation of thrombin is a fundamental part of the clotting cascade and as such an estimate of how well a
particular individual can generate thrombin may correlate with either a risk of bleeding or thrombosis. Commonly
measured variables when analyzing thrombin generation include: the lag time, the time to peak thrombin generation, the
peak, the endogenous thrombin potential [ETP] (i.e., the area under the curve and the tail), the time course of the
thrombogram ("TG"). After a lag time, a burst of thrombin is observed. However, clotting occurs at the end of the lag time,
when more than 95% of all thrombin has not yet formed. The thrombin generation assay was performed at Omri
Laboratories, using Thrombinoscope reagents supplemented with human hemophilic plasma. TGA reflects of the clotting
ability in mice plasma, derived from injection of NovoSeven® and FVIla-CTP3. Figure 29 presents TGA parameter values

for mice plasma following administration of either FVIla-CTP3 or NovoSeven®. Following FVIla-CTP3 administration, all

three parameters (rate of thrombin generation, maximal amount of generated thrombin and Klla) demonstrate an
advantage of FVII-CTP3 over NovoSeven® treatment. This further strengthens the notion of potential long-acting

superiority of FVII-CTP3 as compared to NovoSeven®.
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FVIla-CTP3 Tail Vain Transection (TVT) study:

Study outline

[0401] The data obtained from the PK/PD test for FVIla-CTP3 provided insight into the functionality of FVIla-CTP3, and
demonstrated that FVIla-CTP3 had a pharmacokinetic advantage when compared with NovoSeven®. However, the ability

of the protein to induce a clot in vivo, after a traumatic event has not yet been demonstrated. In order to evaluate the
ability of FVIla-CTP3 to stop bleeding, the same FVIlI-deficient mice model was employed for a bleeding challenge.

[0402] FVIlI-deficient mice were administered a single intravenous injection of FVIla-CTP3 or NovoSeven®. The mice
were dosed with drug in amounts that provided equivalent FVlla activity (1.6E05 units, 200 pl), calculated according to the
potency of each drug evaluated in the FVlla clot activity assay (Table 44). The administered doses were 9 mg/kg of
NovoSeven®, and 40 mg/kg of FVII-CTP3 due to the reduced activity of FVIla-CTP3. A control group was injected with 200

dl vehicle.

[0403] The tail vein was transected 2.7 cm from the tail tip 15 min (injection 1), 24 hours (injection 2) or 48 hours
(injection 3) post-administration, and mice survival was recorded for 24 hours.
Table 44: Evaluation of injected samples

NovoSeven® FVIla-CTP,
goton | PN | oty | SPSCHS | PO | aciviy | SOSCHe | e
) (mg/ml) (U/mg) (mg/ml) (U/mg) (normalized)
0.91 8.0E+05 8.8E+05 3.63 6.6E+05 1.8E+05 2.2E+05
0.92 8.3E+05 9.0E+05 3.81 7.8E+05 2.0E+05 2.4E+05
0.89 8.8E+05 9.9E+05 3.68 7.3E+05 2.0E+05 2.3E+05

[0404] Protein concentration was determined by A280.

Results

[0405] Data from the vehicle-injected control groups for the three injections (5 animals x 3 injections), were summarized
and are presented in Figure 30. 30% survival was observed 24 hours after tail vein transection.

[0406] NovoSeven® and FVlla-CTPs-treated mice demonstrated proper hemostatic activity after tail vein transection
performed 15 min after FVlla administration. A 100% survival rate was observed in FVIla-CTP 3 and NovoSeven® treated

animals (Figure 30).

[0407] The reduced clearance rate of FVII-CTP3 which was demonstrated in the PK/PD study is most clearly appreciated

after a tail vein transection performed 24 hours post-administration. A decline in the survival rate of NovoSeven® is
observed. Similar to the control group, 50% death is observed within 10 hours. Meanwhile, 90% of FVIla-CTP3 treated

mice survived (Figure 30). This result emphasizes the long-lasting efficacy of the FVIla-CTP3 treatment.

[0408] 48 hours after administration, a decline in survival rate is demonstrated in groups treated with either FVIla-CTP3

or NovoSeven® (Figure 30C). A slight improvement in FVIIa-CTP mice was observed, but the difference did not reach
statistical significance.

Discussion:
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[0409] CTP fusion to recombinant proteins extends the circulatory half-life of proteins while maintaining comparable
activity. While the mechanism behind the reduced clearance of protein above a threshold size of 70 KDa is well
understood with respect to renal clearance, additional protection is achieved following CTP fusion. CTP fusion is believed
to sweep around the protein shield and protect it from proteolytic cleavage, to increase its radial molecular weight due to
the highly negative charge and to reduce its affinity to hepatic clearance receptors.

[0410] The present study was aimed to provide specific insight on the impact of CTP fusion to FVII on protein half-life and
clearance and also address the paradigm of its specific activity following this modification. FVIII-deficient mice were
administered with a single 1V injection of FVIla-CTP3 or recombinant commercial FVIla (NovoSeven®) at similar dose (unit

based) and a PK activity-based analysis was performed. FVIla-CTP3 demonstrated a superior longevity as reflected by 5-

and 3.5-fold increase in its half-life and AUC, respectively. The specific activity (U/mg) of FVIIa-CTP as calculated by the
Staclot® activity kit divided by the protein concentration measured by A280 was shown to be 4-5 times lower than the
specific activity of NovoSeven®.

[0411] To build on the understanding of how CTP affects the haemostatic effects of FVlla in vivo, the ability of FVIla-CTP3

to reduce bleeding was investigated. In the tail vein transection bleeding model in hemophilic mice model, rFVila
administration can improve the survival rate of challenged animals and avoid their bleeding to death. In the study
described herein, animals were administered with FVIla-CTP3 or NovoSeven®. Both molecules were able to maintain

homeostasis when the transection was performed 0.25 hours post-dosing. A significantly prolonged duration of activity
was demonstrated for the FVIla-CTPs-treated group when the tail transection was performed 24 hr post dosing. The

vehicle-treated group's survival rate was higher than anticipated and higher than that obtained in previous studies (50%
vs. 20% in previous studies, data not shown). The percent survival of treated animals at is further evaluated at earlier time
points, including at 36 hr post dosing.

[0412] In conclusion, it was demonstrated that FVIla-CTP3 has an increased duration of activity in hemophilic mice which

translates into a longer duration of haemostatic effect when compared to NovoSeven®. The data gathered suggest that
fusion of CTP to FVIl is a technology with the potential to significantly improve prophylactic treatment in patients with
hemophilia.

EXAMPLE 7: COMPARATIVE ASSESSMENT OF PURIFIED FVII-CTP3 vs. FVII-CTP5 PROFILE FOLLOWING SINGLE IV
or SC INJECTION TO SD RATS

Study objective

[0413] Two studies were carried out:

The first study objective was to determine the pharmacokinetic parameters of rFVII-CTP3 versus rFVII- CTP5 following
FVII select- and HA-column purification in male Sprague Dawley rats, after a single intravenous administration of
50ug/animal.

[0414] In the second study, rFVII-CTP3-HA versus rFVII-CTP5-HA pharmacokinetic parameters, were examined in male
Sprague Dawley rats following a single intravenous or subcutaneous administration of 100 pg/animal.

RESULTS

Determination of FVII-CTP 3 and FVII-CTP 5 antigen level

[0415] FVII antigen level was determined using Human FVII ELISA kit (Zymotest HyPhen) (See table 45). T
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Table 45. Summarizes the calculated protein concentration which is the average of three independent runs.

FVII 3 CTP FVII 5 CTP
FVIIS 46 el. Conc. | FVIIHA 46 el. Conc. | FVIIS el. Conc. FVII HA 5100% B
Dial Dial Dial Conc. Dial
AVE (ng\ml) 3.78E+06 1.59E+06 1.88E+06 7.92E+05
SD 1.30E+06 6.03E+05 7.15E+05 3.57E+05
CV (%) 3.43E+01 3.80E+01 3.80E+01 4.51E+01

Western blot analysis of the examined samples

[0416] FVII-CTP35 samples were loaded on 4-12% bisTrisgel (NuPage, invitrogene) using Precision plus dual color
protein marker (Bio-Rad). The SDS-PAGE analysis was performed by western immune-blot using polyclonal anti FVII Ab
(R&D systems), anti CTP polyclonal Ab (Adar biotech production) or anti Gla Ab (American diagnostica). In summary, FVII
fused to three and five CTP migrated at 80 and 100kDa, respectively (see Figure 31).

Comparative assessment of FVII in vitro potency

[0417] FVII activity assay, which was performed in Sheba medical center, the national coagulation center, is a PT based
assay using immunoadsorbed plasma deficient in factor VIl (Siemens). The PT reagent is innovin and the assay is
performed in the Sysmex CA 1500 instrument. FVIlI normal range is within 55-145%. Sample activities are summarized in
Table 46.

Table 46: Sample activity

Sample Concentration (mg/ml) Concentration in tested | Results Av:/ar(a)?e-
P according to (NANODROP) sample (ug/ml) (%) ?
plasma
2 87
FVII-5CTP FVIIS
el. Conc. Dial 2.19 1 30 16%
0.5 10
2 97
FVII-5CTP HA 5
100%B conc. Dial L 1 36 21%
0.5 13
2 100
FVIIS 46.el. Conc. 317 ; 5 18%
Dial
0.5 12
2 92
FVII HA 46 el. o
Conc. Dial (1) 1.5 1 33 20%
0.5 10

[0418] The normal level of circulating FVII in the body is around 0.5ug/ml. Both, FVII-CTP3 and FVII-CTP5 exhibit about

5-fold reductions in their coagulation activity versus normal human pool plasma.

Pharmacokinetic study

[0419] Two pharmacokinetic studies were performed in order to determine the FVII-CTP3 and FVII-CTP5 (after FVII
select and FVII HA column) pharmacokinetics (PK) profile and parameters. In the first study, FVII-CTP3, and FVII-CTP5

following FVII select/ HA purification were administered in a single intravenous injection to Sprague Dawley rats (six rats
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per substance) in a dose of 50 pg/rat.

[0420] Blood samples were drawn retro-orbital from 3 rats alternately at 0.083, 0.5 2, 5, 8, 24, 48, 72, 96 and 120 hours
post dosing. Citrated plasma (0.38%) was prepared immediately after sampling and stored at -20 until analysis.

[0421] In the second study, only samples after HA column were tested. These samples were administered in a single
intravenous or subcutaneous injection to Sprague Dawley rats (six rats per substance) using a dose of 100 pg/rat. Blood
samples were collected at the same time points and conditions as at the first study above.

Table 47. First study design (FVII select vs. FVII HA).

Treat ed . N_o. of Dose Dose Level Injected { Conc. Time-Points
Groups Test Article animals/ Route (kg per Vol.(ul) { (ug/ml) { (hours post-dose)
group/ animal) H H
" 0 (Pre-dose) 0.083
TS A 6 W 50 200 250 05,2, 5,8, 24 48,
72,96, 120
" 0 (Pre-dose) 0.083
B ad s 6 W 50 200 250 | 05,2, 5,8, 24 48,
72,96, 120
FVII- 0 (Pre-dose) 0.083
C CTP*5batch 5 6 v 50 200 250 0.5, 2,5, 8, 24, 48,
HA 72,96, 120
" 0 (Pre-dose) 0.083
D | TR 6 W 50 200 250 | 05,2, 5,8, 24 48,
72,96, 120
Table 18. Second study design (IV vs. SC)
No. of Dose
Treated . . Dose { Level (ug § Injected Conc. Time-Points
G Test Article animals/
roups roup! Route per Vol. (pl) (ng/ml) (hours dose)
g animal)
. 0 (Pre-dose)
A e 6 \ 100 200 500 |0.0830.5,2, 5,8,
24,48,72, 96,120
. 0 (Pre-dose)
B e 6 sc 100 200 500 |0.0830.5,2, 5,8,
24,48,72, 96,120
FVII- 0 (Pre-dose)
C CTP*5batch 5 6 v 100 200 500 0.0830.5, 2, 5, 8,
HA 24,48,72, 96,120
. 0 (Pre-dose)
D PULCIP'S 6 sc 100 200 500 }0.0830.5,2, 5,8,
24,48,72, 96,120

[0422] The main differences between these two studies are the dosages and the route of administration. In the first study,
rats were injected IV with 50 pg\rat, while in the second study, the rats were injected IV or SC with 100 pg\rat (total
500)ug/kg; rats weigh 200 g). The increase in the dosage is due to the change in the type of administration; SC
administration requires higher amounts to achieve effects similar to IV administration.

Analysis of PK study

[0423] FVII concentration in plasma samples were quantified using human FVII Elisa kits (zymutest FVII-Biophen).
Pharmacokinetic profiles were calculated and reflect the mean for 3 animals at each time point. Terminal half-live values
were calculated using PK solutions 2.0 software. The table below summarizes the calculated FVII concentrations at the
different sampling time points. PK profile and a summary of the PK parameters are presented in table below.

Table 49. First pharmacokinetic study (FVII select vs. FVII HA) -FVII concentrations (ng\ml).
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Time | FVIl CTP*3 BATCH | FVIl CTP*3 BATCH 46 | FVIl CTP*5 BATCH | FVII CTP*5 BATCH 5
(hour) 46 HA FVI S 5 HA FVII S
0.083 1816.3 1633.9 2064.3 1853.5

05 1523.7 1409.9 1351.4 1418.0
1284.9 1041.7 1389.7 834.4
5 607.9 531.6 722.7 737.2
524. 430.0 712.2 614.6
24 115.5 132.9 272.5 201.8
48 211 31.6 62.3 90.4
72 95 15.8 29.1 31.8
96 BLQ 5.8 7.0 16.9
120 BLQ BLQ 85 13.4
Table 50. Second pharmacokinetic study (IV vs. SC) -FVII concentrations (ng\ml).
Time | FVII CTP*3 BATCH46 |  FVIICTP*5 | FVIl CTP*3 BATCH 46 | FVII CTP*5 BATCH 5
(hour) HA-IV BATCH 5 HA-IV HA-SC HA-SC
0.083 6452.6 61533 5.0 BLQ
05 3930.7 3660.6 145 146
1092.3 2176.2 113.6 96.2
5 1598.9 20873 106.6 70.5
781.6 1075.6 188.9 129.7
24 268.5 627.2 155.0 239.2
48 51.9 143.3 43.0 88.6
72 88 39.0 7.0 36.7
96 BLQ 108 BLQ 10.4
120 BLQ 8.2 BLQ 87
Table 51. PK Analysis- first pharmacokinetic study (FVII S vs. HA).
FvilcTp3 | il CIFS L FvilCTRs FVII CTP*5
BATCH 46 HA A BATCH5HA | BATCH 5 FVII S

half-Ife (0.083-8 hr) (hr) 43 40 5.51 5.59
haltife (8-72106\1 20hr) (hr) 1A 12.1 16.46 20.29
half life (8-72) (hr) 11 13.4 13.62 15.64

Aucgg;gé‘/’fgoirga)(& 14566.9 13686.4 21812.7 19307.9
Aggég)@gﬁg& 14718.2 13788.1 22013.9 19701
Vd(ar;/ag)él;?z(&lz ;‘9)(8‘ 271.1 316.1 269.7 3715
CL(ar‘;az)/g‘g/(1”;'(’)wr/)kg) (8- 17.0 18.1 11.356 12.69

[0424] The addition of five CTP elongated FVII half-life compared to 3 CTPs. Both forms of 5 CTP (i.e FVIIS and FVII HA)
were detected at the long time points (96 and 120 hr), while FVII-3 CTP HA and FVIIS -3 CTP were detected until 72 hr
and 96 hr, respectively. Based on this fact, the half-life of FVII-5 CTPs is longer than 3CTPs variants (see Fig. 32).

Comparing half-life of all examined materials (3 and 5 CTPs) at the same time points (8-72 hr) showed that the half-life
are similar, although 5 CTP are quite longer (Fig. 32).

Table 52: PK analysis - second pharmacokinetic study-(IV vs. SC).
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FVIICTP*3 | FVI CTP*5 | FVICTP*3 { FVICTP*S | . . .. { o oo
BATCH46 | BATCH5 | BATCH46 | BATCHS5 oTP*3 y oTP*5 y
HA-IV HA-IV HA-SC HA-SC
half-life (0.083-8
an () 3.0 3.9 1.8 -3.18
half-life (8-
72\96\120hr) 9.9 14.6 13.14 22.94
(hr)
half-life (8-72) 9.9 13.0 13.14 29.47
(hr)
AUC(O-t)(obs
area)(8- 28866.8 43761.0 6600 9822.7 22.9 224
72/96/120nr)
AUC (=) area(8-

72/96/120h1) 28993.0 43934.4 6733 10110.8 23.22 23.01
Vd(area)/kg

(mirkg) (8- 246.4 240.5 1407.6 1636.8

72/96/120nr)

ClL(area)/kg(

mi/hr/kg) (8- 17.2 11.4 74.261 49.452

72/96/120hr)

[0425] Again, as observed in the first study, the addition of 5 CTPs elongated FVII half-life as compared to adding 3 CTP,
both in the initial and terminal half-life and in both administration ways (IV and SC, see Fig. 33). As expected, following SC
administration, FVII was first detected in the blood at a later time point as compared to when it was administered IV.

[0426] In the above, two PK studies were summarized. The main purpose of the first study was to check the difference
between FVII-3CTP and FVII-5 CTP after 2 different columns: FVII select and FVII HA. In our previous studies, harvest vs.
purified proteins were checked and it was found that the difference between 3 and 5 CTP versions of FVII was greater
when harvest was injected to the rats.

[0427] There was no significant difference between the results of FVII 3\5 CTP after both columns, hence it was decided
to inject FVII HA 3\5 CTP in the second study.

EXAMPLE 8: FVila-CTP3 (MOD-5014) SURVIVAL STUDY IN FViil DEFICIENT MICE FOLLOWING SUBCUTANEOUS
INJECTION

Study Objective

[0428] To evaluate the efficacy of NovoSeven®, MOD-5014 (FVIIA-CTP3) and MOD-5019 (FVIIA-CTPs) in a tail vein

transection study, following subcutaneous administration.

FVIla-CTP3(MOD-5014) and FVIla-CTP5(MOD 5019) analytical properties:

Protein determination by A280

[0429] Theoretical extinction coefficient of NovoSeven® was calculated using ProtParam algorithm
(http://web.expasy.org/protparam). The calculation is based on amino acid sequence. The calculated extinction coefficient
for NovoSeven® is 1.406, and for MOD-5019 is 1.075 (values represent the absorbance of 1 g/L at 280 nm). Extinction
coefficient of MOD-5014 was determined by amino acid analysis at Mscan. The extinction coefficients for MOD-5014 is
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1.27.

Clotting assay of FVlla - STACLOT Vlla-rTE

[0430] FVlla is derived from intra-chain cleavage of the single-chain FVII. Native tissue factor (TF) is a cofactor of FVlla,
upon binding to TF, FVII mediates the activation of Factor X to Xa, while itself is transformed to FVlla. The soluble tissue
factor is the extra cellular part of native tissue factor. It can no longer activate FVII by auto activation, but the FVlla bound
to tissue factor can activate FX to FXa.

[0431] The recombinant soluble tissue factor (rsTF) used in this assay is utilizing the FVlla specificity to construct a FVlla
clotting test. Recombinant soluble tissue factor (rsTF), in the presence of FVlla, calcium and phospholipids, produces
coagulation of plasma without activating FVII to FVlla.

[0432] The observed clotting time in this system has an inverse relationship with the FVIla content in the tested sample,
with no interference of FVII presence in the sample.

[0433] FVlla activity was evaluated for reconstituted NovoSeven®, and for MOD-5014 and MOD-5019 prior to each
study.

[0434] FVlla specific activity (which is calculated as the activity/ ml divided by protein concentration) was calculated based
on A280 and is presented in Table 53. When comparing specific activity of the two molecules, which differ in molecular
weight, compensation must be made in order to normalize the activity (i.e. because of the molecular weight difference, the
number of active sites in 1 mg of NovoSeven® is 1.185-fold higher than in MOD-5014 and 1.307-fold higher than MOD-

5019). Hence, calculation of the conversion factor is presented in the following formula:
SAFVIa-CTR; )

Normalized _SA = - xMW{FVIl CTPy) =
MW.(Native_FV1I)
SA(FVlia CTPy)
= ————————x53419.5Da= SA(FVIIa-CTP3)*‘ 1.185
45079.1Da
Table 53- MOD-5014 Specific activity compared to NovoSeven®
Samble Protein conc. By A280 | Specific Activity (U/mg Fold decrease from
P (mg/ml) FVila) ®NovoSeven
®NovoSeven 0.93 52,487 1.0
MOD-5014 batch 73 1.4 25,490 2.05
MOD-5019 batch 9 3.0 11,698 4.48

Study outline

[0435] The most significant measurement is the ability of the protein to induce a clot in vivo, after a traumatic event. In
order to evaluate the ability of MOD-5014 to stop bleeding, the same FVIII deficient mice model was employed for a
bleeding challenge.

[0436] FVIII deficient mice were administrated with a single subcutaneous injection of MOD-5014, MOD-5019 or
NovoSeven®. Group A and B were dosed with NovoSeven® and MOD-5014 respectively, in equivalent amounts as FVlla
activity. Group C was dosed with MOD-5019 in equivalent amount FVlla portein as MOD-5014, in order to evaluate the
critical factor (activity or amount of protein). The administrated doses were 4.2 mg/kg of NovoSeven®, and 8.6 mg/kg of
MOD-5014 and MOD-5019. The tail vein was transected 2.7cm from tail tip 12 hours post administration, and mice
survival was recorded for 24 hours.

Table 54 - Group designation
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T
Group { Injection Test Articlej Administered Dosej Injected No. of mice Bleeding time,
date mg FVII] mU/Kg Volume per group hours_ post
IKg (ul) dosing
A 13.1.13 ®NovoSeveni 4.23 221,876 100 10 12
B 15.1.13 MOD-5014,§ 8.59 218,750 160 10 12
batch 73
C 27.1.13 MOD-5019,§ 8.59 100,496 160 10 12
batch 9
RESULTS
[0437] The experiment data is summarized in Table 55 and in Figure 34.
Table 55. TVT study results
Time No. of surviving mice % survival
post TVT (h) | NovoSeven® { MOD-5014 | MOD-5019 | NovoSeven ® { MOD-5014 { MOD-5019
0 9 10 10 100 100 100
9 10 10 100 100 100
2 9 10 10 100 100 100
3 8 10 8 89 100 80
4 6 9 8 67 90 80
5 5 9 7 56 90 70
6 4 8 5 44 80 50
7 3 8 5 33 80 50
8 2 7 5 22 70 50
9 1 6 5 11 60 50
10 1 5 5 11 50 50
11 1 3 5 11 30 50
12 1 3 5 11 30 50
24 1 3 4 11 30 40

[0438] 24 hours post TVT, only 11% of NovoSeven® injected mice have survived. 30% of MOD-5014 and 40% of MOD-
5019 have survived to this time point. Subcutaneously injected MOD-5014 and MOD-5019 shows improved mice survival
in comparison to NovoSeven®. Nevertheless, the results are not optimal since more than 50% of the animals died during
the experiment.

[0439] Factor Vlla, like other coagulation factors, is normally injected intravenously, in order to be directly available in the
blood stream. However, the present invention shows that the compositions provided herein are surprisingly more
effectively absorbed into the bloodstream after SC administration. To be able to administer FVlla subcutaneously serves
as an advantage as it can be used for prophylactic applications. Subcutaneous injections are also much easier for patients
to self-inject, and are advantage when the patients are very young and their veins are small and difficult to find.

[0440] Hence, the subcutaneous application can be used for prophylactic treatment,

EXAMPLE 9: COMPARATIVE PK-PD STUDY OF RECOMBINANT MOD-5014 VS. NOVOSEVEN® FOLLOWING
SUBCUTANEOUS ADMINISTRATION IN SD RATS
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Study Objectives

[0441] To determine the pharmacokinetic and pharmacodynamic parameters of MOD-5014 versus commercial rFVlla in
SD rats following a single SC administration.

[0442] To compare two independent experiments (05010 & 05034) containing MOD-5014 products originated from two
different clones (clone no. 28 vs. 61) by their pharmacokinetics parameters.

Experimental Methods

Animals

[0443] 24 males SD rats arrived from Harlan Laboratories Israel, Ltd, at least 4 days before the injections begin. The
animals were healthy young adults, at -200 gr at study initiation. The body weight variation of animals at the time of
treatment initiation should not exceed 1 20% of the mean weight of each sex. The health status of the animals used in this
study is examined on arrival. Only animals in good health are acclimatized to laboratory conditions and are used in the
study.

Clottingassay of FVila - STACLOT Vlla-Rtf

[0444] The recombinant soluble tissue factor (rsTF) used in this assay is utilizing the FVlla specificity to construct a FVlla
clotting test. rsTF, In the presence of FVlla, calcium and phospholipids produce coagulation of plasma, without activating
FVII to FVlla.

[0445] The observed clotting time in this system has an inverse relationship with the FVlla content in the tested sample,
with no interference of FVII presence in the sample.

[0446] FVlla activity was evaluated for both NovoSeven® following reconstitution and MOD-5014 prior to each study.
FVlla specific activity was calculated based on A280. When comparing specific activity of the two molecules, which differ in
MW, compensation must be made in order to normalize the activity (i.e. because of the molecular weight difference, the
number of active sites in 1 mg of NovoSeven® is 1.185-fold higher than in MOD-5014).

PK solver software

[0447] The pharmacokinetic parameters were calculated using PK solver software. The |V administration curve analyzed
as two compartmental CA bolus, and the SC administration as NCA Extravascular- Log linear trapezoidal analysis. Half-
life, AUC, clearance and volume distribution specifications were calculated and the output parameters were studied in
comparison between groups of experiments.

Experimental materials

[0448] Experiment no. 05010:

1. A. NovoSeven® RT: (Lot # AU61553 prepared on 31.7.12%) FVlla concentration by A280: 0.86 mg/ml. FVlla Staclot
activity assay: 56,867 U/mg. Injected dose: 946ug/kg. *Pool of NovoSeven® aliquots, all from the same Lot no.

2. B. Clone 28: MOD-5014 RS12-001: 0.77 mg/ml** based on A280. FVlla Staclot activity assay: 34,162 U/mg.
Injected dose: 850ug FVlla/kg.




[0449] Experiment no. 05034:
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1. A. NovoSeven® RT: (Lot #AU61347 prepared on 1.1.13) FVlla concentration by A280: 0.82mg/ml, diluted to 0.4
mg/ml with sterile NS buffer. FVlla Staclot activity assay: 55,688 U/mg. Injected dose: 360ug/kg and 20,047.7 U/kg.

2. B. Clone 61: MOD-5014 Batch 75: 1.9 mg/mI** based on A280, diluted to 0.89 mg/ml with formulation buffer.
Injected dose: 20,047.7 U/kg. FVlla clotting activity: 25,002* U/mg based on FVlla Staclot activity assay.

3. C. Clone 61: MOD-5014 Batch 81A: 2.36 mg/ml based on A280 (filtered on the morning of study day and re-
measured at 280nm), diluted to 0.4 mg/ml with formulation buffer. Injected dose: 360ugFVila/kg. FVlla clotting

activity: 24943U/mg based on FVlla Staclot activity assay.

4.D. Clone 61: MOD-5014 Batch 81A: 2.36 mg/ml based on A280, diluted to 0.89 mg/ml with formulation buffer.
Injected dose: 20,047.7 U/kg. FVlla clotting activity: 24,943U/mg based on FVlla Staclot activity assay.

Study outlines

Experiment no. 05010

[0450] MOD-5014 and NovoSeven® were administered in a single intravenous or subcutaneous injection to SD Rats in a
dose of 0.9 mg/kg body weight. Blood samples were drawn from sinus orbital eye from 3 rats alternately at 0.5, 4, 8, 12,
24, 34, 48 and 58 hours post dosing. Citrated plasma (0.32%) was prepared immediately after sampling and stored at -
20°c until analysis. The study was performed at "Science in Action", Nes-Ziona. FVlla clotting activity level was evaluated

and detailed PK analysis was performed at Prolor-Biotech.
Table 55: Study design 05010

Experiment no. 05034

'(PNZIVIS 0,0.5. 4.8,
A 6 3 v 946 220 12, 24, 34,
Seven 48,58
®) ’
rFVIla
RS12- 0,0.5,4, 8,
B 001 6 3 v 850 220 12,24, 34,
(clone 48, 58
28)

[0451] MOD-5014 and NovoSeven® were administered in a single subcutaneous injection to SD Rats in a dose of 0.9
mg/kg body weight. Blood samples were drawn from sinus orbital eye from 3 rats alternately at 0.5, 2, 4, 6, 8, 12, 24, 34,
48 and 72 hours post dosing. Citrated plasma (0.32%) was prepared immediately after sampling and stored at -20°c until



analysis. The study was performed at "Science in Action", Nes-Ziona.
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[0452] FVlla clotting activity level was evaluated and detailed PK analysis was performed at Prolor-Biotech.
Table 56: Study design 05034

Dose Dose Time-
No. of Level Level . Points
Treated. Te_st animals/group/Time- Dose Gender Per Per Injected (hours
Groups | Article AP Route . . Vol. (pl)
point Animal | Animal post-
(ng/kg) § (Ulkg) dose)
FVila PN
A (NovoS 3 SC M 360 20047.7 207 ’24 3;4 ’
even®) 48,72
FVila 75 Loa s
B (clone 3 SC M 801.84 | 20047.7 207 Y mn aal
61) 24, 34, 48,
72
FVila 0,05, 2,
81A 4,6,8,12,
C (clone 3 SC M 360 8979.4 8 207 2434, 48,
61) 72
FVila 0,05, 2,
81A 4,6,8,12,
D (clone 3 SC M 803.74 |20047.7 207 24,34, 48,
61) 72
RESULTS

[0453] FVlla activity in blood samples was quantitated using STACLOT Vlla-rTF kit (Stago). Pharmacokinetic profile was
calculated for each protein and is the mean of 3 animals at each time point.

Experiment no. 05010

[0454] After background reduction: 15 mU/ml.

[0455] Figure 35 presents the PK profile of FVlla following IV and SC administration of either NovoSeven® or MOD-5014.
Summary of FVlla activity values for each time point is presented in Table 57. IV and SC administration have different PK
pattern (see Fig. 35; after background reduction: 15 mU/ml). The Cmax following IV injection is higher than that obtained
following SC injection, due to the presence of the drug immediately after administration in the blood (measured at 0.5hr,
Table 57 and Table 58). However, after SC administration drug molecules transfer to intracellular matrix and tissues, thus
Cmax can be measured only after 2hr from injection. The total recovery of the drug after SC administration is lower than
Cmax value after IV injection.

[0456]
background reduction: 15mU/ml, Fig. 35). Moreover, clotting activity for the NovoSeven® treated mice was undetectable

8hr after injection, NovoSeven® manifested an equal PK pattern when injected by either IV or SC, (After

at time points later than 12 hours, while MOD-5014 treated mice continued to retain measurable activity at 58 hours post
dosing (Table 57; after background reduction: 15 mU/ml; Fig. 35).
Table 57. FVlla clotting activity of MOD-5014 vs. NovoSeven® following IV or SC administration

Time (bt NovoSeven®IV (A) | MOD-50141V (B) | NovoSeven® SC (C) | MOD-5014 SC (D)
mU/ml %CV mUml | %CV { mUiml %CV { mUml | %CV

0.5 304651.7 187 | 2328183 { 5.0 11491.7 24 3691.7 | 19.0

4 40068.3 7.8 62085.0 9.5 21385.0 226 | 12018.3 | 1538

8 5276.7 2.5 25931.7 6.1 5525.0 32.5 6445.0 2.2
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Time (hr) NovoSeven® IV (A) MOD-5014 IV (B) NovoSeven® SC (C) | MOD-5014 SC (D)
mU/ml %CV mU/ml %CV mU/ml %CV mU/mi %CV
12 255.0 13.8 5633.3 9.3 297.7 41.4 924.7 241
24 1.3 71 251.3 11.8 1.3 89.2 249.3 60.3
34 0.0 78.3 4.5 0.0 63.7 85.5
48 29.0 9.9 0.0 35.0 47.2
58 10.3 4.6 0.0 13.7 335
After background reduction: 15mU/ml.
Table 58: PK parameters of MOD-5014 VS. NovoSeven® following IV or SC administration
A IV
PK Parameters NovoSeven® RT (A) MOD-5014 (RS 12-001) (B)
Half-life-a (0.5-4hr) 0.24 1.04
Half-life-p (4-58hr) 1.31 3.17
AUC o-inf mU/ml*h 702467.95 820778.67
Vss [U/Kg/(mU/ml)] 0.13 0.13
CL [(U/Kg)/(mU/ml)/h] 0.08 0.04
MRT (hr) 1.74 3.62
B. SC
PK Parameters NovoSeven® RT (B) MOD-5014 (RS 12-001) (C)
Half-Life (hr) 1.40 7.78
Cmax (mU/ml) 21385.00 12018.33
AUC 0-inf (mU/mI*h) 115099.72 84158.87
MRT O-inf (hr) 4.32 7.04
Vz/F (U/Kgy(mU/ml) 0.95 3.88
CI/F (U/Kg)/(mU/ml)/h 0.47 0.35

Experiment no. 05034

[0457] Figure 36 presents the PK profile of FVII a following SC administration of either NovoSeven® or MOD-5017. Two
different batches of clone no. 61 (#75 and #81) were examined in the same concentration or the same activity units,
compared to NovoSeven®. Summary of FVlla activity values for each time point is presented in Table 59.

[0458] The results indicate a similar PK pattern after SC administration corresponding to previous experiments.
Moreover, clotting activity for the NovoSeven® treated mice was undetectable at time points later than 12 hours, while
MOD-5014 treated mice continued to retain measurable activity at 24 hours post dosing (Table 59 and Figure 36; and
after background reduction: 56 mU/ml (8, 12 hr) or 32 mU/ml (0.5, 2, 6, 14 hr)).

[0459] Clone no. 61 batch #81 (D) Cmax (1,301mU/ml) was lower than the Cmax values of clone no. 61 batch #75 (B)
and NovoSeven® (A) (3,521mU/ml and 5,908mU/ml respectively), although they were all injected by the same unit activity
(Table 6). However, batch #75 (B) and #81 (D) have the same activity units (559 mU/ml and 478 mU/ml respectivaly)
measured 8hr after injection (Figure 36 and Table 59; and after background reduction: 56 mU/ml (8, 12 hr) or 32 mU/ml
(0.5,2,6, 14 hr)).

Table 59: FVIla clotting activity of MOD-5014 (Clone 61 #75, #81) vs. NovoSeven® following single SC administration.
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MOD-5014 Clone 61 { MOD-5014 Clone 61 Batch { MOD-5014 Clone 61
Time i NovoSeven® (A) Batch 75 (B) - equal § 81A (C) - equal conc.FVlla Batch 81A (D) -
(hr) U/kg Ho/kg equal U/kg
muU/ml { % CV mU/mi %CV muU/ml %CV mU/mi %CV
05 §3271.3 46.5 350.3 26.6 101.3 241 208.7 51.2
2 5908 .0 18.1 3521.3 70.9 1294.7 7.0 1301.3 316
6 14117 23.6 1349.7 45.6 425.3 276 663.0 134
8 1029 .0 12.4 559.3 52.7 152.7 19.5 478.0 254
12 121.3 9.9 563.0 17.4 148.7 36.3 712.7 16.2
24 1.0 25.0 117.0 41.9 21.3 364 99.0 36.7

After background reduction: 56mU/ml (8,12hr) or 32mU/ml (0.5, 2, 6, 14hr).
Table 60: PK parameters of MOD-5014 (Clone 61 #75, #81) vs. NovoSeven® following single SC administration.

NovoSeven® MOD-5014 Clone 61 MOD-5014 Clone 61 MOD-5014 Clone 61
PK Parameters RT { Batch 75 (B)- equal Batch 81A (C)- equal Batch 81A (D)-
(A) U/kg conc.FVlla pg/kg equal U/kg
Half-Life (hr) 167 5.70 4.62 6.41
Cmax 5908.00 3521.33 1294.67 1301.33
(mU/ml)
AUC 0-inf 24688.18 20456.96 6260.23 13098.16
(mU/mi*h)
MRT 0-inf 373 7.86 6.40 10.59
(hr)
Vz/F
(U/Kg)/(mU/m 1.96 8.06 9.55 14.15
1)
CIF
(U/Kg)/(mU/m 0.81 0.98 1.43 1.53
1)h

[0460] This report summarized two PK studies; 05010 & 05034. We aim to provide specific insight on the impact of CTP
fusion to FVII on protein half-life and clearance in subcutaneous administration and address the paradigm of its specific
activity following this modification. In these studies, SD rats were administered with a single SC injection of MOD-5014
originated from two clones, and two different batches, compared to recombinant commercial FVlla (NovoSeven®). The
components were injected at similar FVIla concentration (ug/Kg) or at the same activity level (U/Kg) and the PK activity
based analysis was performed.

[0461] The main purpose of the first study was to verify the different PK parameters after IV and SC administration.
Based on this study we can conclude that there is a difference between the PK pattern measured after IV or SC

administration. A t12 of 7.78 hr measured after MOD-5014 SC injection, and only 4.2 hr after IV injection. AUC values
were the same (Table 58).

[0462] The second study however, focuses on the differences between two batches of MOD-5014 clone no. 61, which
were injected by the same FVlla concentration or at an equal activity unit, compare to NovoSeven®. At this study we
showed that clone 61 batch #75 manifested better PK parameters than batch #81. Batch #81, which was injected by the
same unit activity level, had lower Cmax from an unknown reason. Moreover, the same Cmax was measured when
injecting clone 61 batch #81 in two different doses (by FVlla concentration or by unit activity), instead of 2.5-fold between

the two activity values. Following analysis of both studies together, we can conclude that clone 28 manifested prolong t1/2
parameter that clone 61 #75 (the better batch) after SC injection (7.78hr and 5.7hr respectively, Table 60). We can also
conclude that dissimilar time point samples create different PK pattern, which lead to variation in the PK curves. The
patterns of the curves can teach us more about the drug behavior in the blood. Therefore, we decided to determine the
time points similar to those detected by Baxter (0, 0.5, 2, 6, 8, 12, 24, 34, 48, 72hr). Moreover, the FVlla concentration in
05010 experiment was too high, and was revised in the following SC experiment (05034). For future PK studies, we
decided to inject the component at 360ug FVlla/kg for a dose.
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[0463] Taken all together, we can learn more about our MOD-5014 product after SC administration in order to determine
the most quality clone and batch and to decide the best method for MOD-5014 injection amount- by FVlla concentration
or activity units.

[0464] While certain features of the invention have been illustrated and described herein, many modifications,
substitutions, changes, and equivalents will now occur to those of ordinary skill in the art.

SEQUENCE LISTING

[0465]

<110> PROLOR BIOTECH INC.
FIMA, UDI EYAL
HART, GILI

<120> LONG-ACTING COAGULATION FACTORS AND METHODS OF PRODUCING SAME
<130> P-9520-PC5

<150> 13/372,540
<151>2012-02-14

<160> 45
<170> Patentln version 3.5

<210> 1

<211> 32

<212> PRT

<213> Homo sapiens

<400> 1
Asp Pro Arg Phe Gln Asp Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser
1 5 10 15

Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro Ile Leu
20 25 30

<210> 2

<211> 28

<212> PRT

<213> Homo sapiens

<400> 2
Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg
1 5 10 15

Leu Pro Gly Pro Ser Asp Thr Pro Ile Leu Pro Gln
20 25

<210>3

<211> 12

<212>PRT

<213> Homo sapiens

<400> 3

Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro
1 5 10

<210>4

<211> 28

<212> PRT

<213> Homo sapiens



<400> 4

Ser Ser Ser Sgr Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg

1 5 10 15

Leu Pro Gly Pro Ser Asp Thr Pro Ile Leu Pro Gln
20 25

<210>5

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer for Factor VI

<400> 5
ctcgaggaca tggtctcceca ggece 25

<210>6

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer for Factor VI

<400> 6
tctagaatag gtatttttcc acat 24

<210>7

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer for Factor VI

<400> 7
tctagaaaaa agaaatgcca gc 22

<210>8

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer for Factor VI

<400> 8
gcggecgceat cctcagggaa atggggceteg ca 32

<210>9

<211> 444

<212> PRT

<213> Homo sapiens

<400>9

Met Val Ser Gln Ala Leu Arg Leu Leu Cys Leu Leu Leu Gly Leu Gln

1 5 10 15

Gly Cys Leu Ala Ala Val Phe Val Thr Gln Glu Glu Ala His Gly Val

20 25 30

Leu His Arg Arg Arg Arg Ala Asn Ala Phe Leu Glu Glu Leu Arg Pro

DK/EP 2822576 T3



Gly

Ala

€5

Ser

Gly

Ala

Cys

Gly

145

Asp

Pro

Gly

Leu

Trp

225

Asn

Asp

Val

Pro

Thr

305

Gly

Val

Arg

Gly

Pro

385

Ser

Ser

50

Arg

Tyr

Ser

Phe

Val

130

Thr

Gly

Ile

Gly

Val

210

val

Leu

Glu

Pro

val

290

Phe

Trp

Leu

Lys

Tyr

370

His

Trp

35

Len

Glu

Ser

Cys

Glu

115

Asn

Lys

val

Leu

Lys

195

Asn

val

Ile

Gln

Gly

275

val

Ser

Gly

Asn

Val

355

Ser

Ala

Gly

Glu

Ile

Asp

Lys

100

Gly

Glu

Arg

Ser

Glu

180

Val

Gly

Ser

Ala

Ser

260

Thr

Leu

Glu

Gln

Val

340

Gly

Asp

Thr

Gln

Arg

Phe

Gly

85

ASP

Arg

Asn

Ser

Cys

165

Lys

Cys

Ala

Ala

val

245

Arg

Thr

Thr

Arg

Leu

325

Pro

Asp

Gly

His

Gly
405

40

Glu Cys Lys
55

Lys Asp Ala
70

Asp Gln Cys

Gln lLeu Gln

Asn Cys Glu
120

Gly Gly Cys
135

Cys Arg Cys
150

Thr Pro Thr

Arg Asn Ala

Pro Lys Gly
200

Gln Leu Cys
215

Ala His Cys
230

Leu Gly Glu

Arg Val BAla

Asn His Asp
280

Asp His Val
295

Thr Leu Ala
310

Leu Asp Arg

Arg Leu Met

Ser Pro Asn
360

Ser Lys Asp
375

Tyr Arg Gly
390

Cys Ala Thr

Glu

Glu

Ala

Ser

105

Thr

Glu

His

Val

Ser

185

Glu

Gly

Phe

His

Gln

265

Il

val

Phe

Gly

Thr

345

Ile

Ser

Thr

Vval

Glu

Arg

Ser

20

His

Gln

Glu

Glu

170

Lys

Cys

Gly

Asp

Asp

250

Val

Ala

Pro

Val

Ala

330

Gln

Thr

Cys

Trp

Gly
410

Gln

Thr

75

Ser

Ile

Lys

Tyr

Gly

155

Tyr.

Pro

Fro

Thr

Lys

235

Leu

Ile

Leu

Leu

Arg

315

Thr

Asp

Glu

Lys

Tyr

395

His

Cys

60

Lys

Pro

Cys

Rsp

Cys

140

Tyr

Pro

Gln

Trp

Leu

220

Ile

Ser

Ile

Leu

Cys

300

Phe

Ala

Cys

Tyr

Gly

380

Lew

Phe

45

Ser

Leu

Cys

Phe

Asp

125

Ser

Ser

Cys

Gly

Gln

205

Ile

Lys

Glu

Pro

Arg

Phe

Phe

Gln

Cys

110

Gln

Asp

Leu

Gly

Arg

180

val

Asn

Aszn

His

Ser

Glu

Tzp

Asn

95

Leu

Leu

His

Leu

Lys

175

Ile

Leu

Thr

Trp

Asp

Glu

Ile

80

Gly

Pro

Ile

Thr

Ala

160

Ile

Val

Leu

Ile

Arg

240

Gly

255

270

285

Leu

Ser

Leu

Leu

Met

Leu

Pro

Leu

Glu

Gln

Thr Tyr

His Gln

Glu Arg

Val Ser

320

Leu Met

335

350

Phe

365

Asp

Thr

Gly

Val

Ser

Gly

Gln Ser

Cys Ala

Gly Gly

Ile Val

400

Tyr Thr

415

DK/EP 2822576 T3



Arg Val Ser Gln Tyr

420

Pro Arg Pro Gly Val
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Tyr Thr
415

Leu Met Arg Ser Glu

430

Pro Gly Cys
445

ttetgettgg
gegteoctgea
tggagaggga
acgcggagag
gteocatgeoca
tocegtgectt

acgagaacgg

ggtgocacga
atccatgtgg
ttotggaggy
atggagctca
actgtttcga
tecagagagca
¢cgtacgtcce
tectoactga
tggeattegt
cggeectgga
agtcacggaa
cggatggeag
ggggcacgtg
actttggggt

cagageocacy

Gly Arg

gettoaggge
coggcgeegy
gtgcaaggag
gacgaagctyg
gaatgggygge
cgagggccegg

cggoetgtgag

ggggtactcet
aaaaatacct
caaggtgtge
gttgtgtggg
caaaatcaag
cgacggggat
gggcaccace
ccatgtggtyg
gegettotea
geteatggte
ggtgggagac
caaggactee
gtacctgacg
gtacdccagg

cocaggagte

60

120

180

240

360

420

480

540

600

720

780

840

900

960

1020

1080

1140

1200

1260

1320

13586

DK/EP 2822576 T3



<212> DNA

<213> Artificial Sequence

<220>

<223> CTP-modified Factor VII

<400> 12

ctegaggaca tggtdtdécoa

tgcetggetg cagtettegt

cgegecaacy cgttoctgga

gagceagtget ceottogagga

ttetggattt cttacagtga

tectgeaagg accagotoca

dactgtgaga cgcacaagga

cagtactgeca gtgaccacac

ctgotggeag acggagtgtce

attctagaaa aaagaaatgc

cccaaagggy agtgtccatg

gggaccctga tcaacaccat

aactggagga acctgatcge

gagcagagee ggegggtgge

aaccacgacda tegegetyget

ccectotgen tgceccgaacg

ttggtcageg gotggggoca

ctcaacgtgoe cccggetgat

tcogecaaata tcacggagta

tgcaaggggy adagtggagg

ggcategtga gotggggcca

gtgtoccagt acategagtg

ctactgagag cccactteee

cectagoagac tgectgggec

gc

<210> 13
<211> 472
<212> PRT

ggcoctoagyg
aacoccaggag
ggagetgogyg
ggeccgggag
tggggaccag
gtectatate
tgaccagetyg
gggcaccaayg
ctgcacacec

cagcaaaccgc

goaggtcectg
ctgggtggte
ggtgctggge
geaggteate
cegectgeac
gacgttctet
getgetggac
gacccaggac
catgttetgt
cecacatged
gggctgegec
gctgcagaaa
cagcagcagc

cagogacace

<213> Artificial Sequence

<220>

<223> CTP-modified Factor VII

<400> 13

Met Val Ser
1

Gly Cys Leu

Leu His Arg
35

Gly Ser Leu
50

Ala Arg Glu
65

Gln

Ala

20

Arg

Glu

Ala Le

u Arg

Ala Val Phe

Arg Arg Ala

Arg GL

u Cys
55

Phe Lys Asp

70

Leu

val

Asn

40

Lys

Ala

ctectctgee

gaagcccacyg

cegggetece

atetteaagyg

tgtgcectcaa

tgettotgeo

atctgtgtga

cgetectgte

acagttgaat

caaggccgaa

ttgttggtga

tecgeggece

gagcacgace

atccccagea

cagcecogtgy

gagaggacgce

cgtggageca

tgcetgcage

gecggetact

agg¢cactacce

accgtgggec

ctgatgagaa

tccaaggcae

gocatectgo

Leu

Thr

25

Ala

Glu

Glu

Cys

10

Gln

Phe

Glu

Arg

Leu

Glu

Leu

Gln

Thr
75

ttetgettogyg
gcgtectgea
tygagaggga
acgcggagag
gtecatgdca
tocotgectt
acgagaacgg
ggtgccacga
atccatgtgg

ttgtgggggg

atggagetca
actgtttega
tcagegagea
cgtacgtece
tectcactga
tggecttogt
cggecetgga
agteocacggaa
cggatggcag
ggggcacgty
acttcggegt
gegagoacayg
cteecectag

cocagtgagyg

gettcaggge
ceggegeegyg
gtgcaaggag
gacgaagcetg
gaatggggge
cgagggeegg
cggetgtgag
gagggtactct
aaaaatacct

caaggtgtge

gttgtgtggg
caaaatcaag
cgacggggat
gggcacoaca
ceatgtggtyg
gogaettetcoa
getcatggte
ggtgggagac
caaggactcc
gtacctgace
gtacaccagg
acccggegtyg
actgoacage

atcogeggoe

Leu Leu Gly Leu Gln

Glu Ala His
30

15

Gly val

Glu Glu Leu Arg Pro

45

Cys Ser Phe
60

Lys Leu Phe

Glu Glu

Trp Ile
80

60
120
180
240
300
360
420
480
540

€00

€60
720
780
840

soo

1020
1080
1140
1200
1260
1320
1380
1440

1442
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Ser

Gly

Ala

Cys

Gly

145

asp

Pro

Gly

Leu

Trp

225

Asn

Asp

Val

Pro

Thr

308

Gly

Val

Arg

Gly

Pro

385

Ser

Arg

Pro

Lys

Tyr

Ser

Phe

val

130

Thr

Gly

Ile

Gly

val

210

Val

Leu

Glu

BEro

val

250

FPhe

Trp

Leu

Lys

Tyr

370

His

Trp

Val

Arg

Ala
450

Ser

Cys

Glu

115

Asn

Lys

val

Leu

Lys

195

Asn

Vval

Ile

Gln

Gly

275

val

Ser

Gly

Asn

val

355

Ser

Ala

Gly

Ser

Pro

435

Pro

Asp Gly Asp Gln Cys Ala Sér Ser Pro Cys Gln Asn Gly

Lys

100

Gly

Glu

Arg

Ser

Glu

180

Gly

Ser

Ala

Ser

260

Thr

Leu

Glu

Gln

Val

340

Gly

Asp

Thr

Gln

Gln

420

Gly

Pro

85

asp

Arg

Asn

Ser

Cys

165

Lys

Cys

Ala

Ala

Val

245

Arg

Thr

Thr

Arg

Leu

325

Pro

Asp

Gly

His

Gly

405

Tyr

Val

Pro

Gln

Asn

Gly

Cys

150

Thr

Pro

Gln

Ala

230

Leu

Asn

Asp

Thr

310

Leu

Arg

Ser

Ser

Tyr

390

Cys

Tle

Leu

Ser

Leu

Cys

Gly

135

Arg

Pro

Asn

Lys

Lei

215

His

Gly

val

His

His

295

Leu

Asp

Leu

Pro

Lys

375

Arg

Ala

Glu

Leu

Leu
455

Gln

Glu

120

Cys

Cys

Thr

Ala

Gly

200

Cys

Cys

Glu

Ala

Asp

280

Val

Ala

Arg

Met

Asn

360

Asp

Gly

Thr

Trp

Arg

440

Bro

Ser

105

Thr

Glu

His

Val

Ser

185

Glu

Gly

Phe

His

Gln

265

Ile

Val

Phe

Gly

Thr

345

Ile

Ser

Thr

Val

Leu

425

Ala

Ser

90

Tyr

His

Gln

Glu

Glu

170

Lys

Cys

Gly

Asp

Asp

250

Val

Ala

Pro

val

Ala

330

Gln

Thr

Cys

Trp

Gly

410

Gln

Pro

Pro

Ile

Lys

Tyr

Gly

155

Tyr

Fro

Pro

Thr

Lys

235

Leu

Ile

Leu

Leu

Arg

315

Thr

Asp.

Glu Tyr Met

Lys

Tyr Leu Thr

395

His

Lys

Phe Pro Ser

Ser Arg Leu

Cys Phe

Asp Asp
125

Cy& Ser
140

Tyr Ser

Pro Cys

Gln Gly

Trp Gln

205

Leu Ile
220

Ile Lys

Ser Glu

Ile Pro

Leu Arg

285

Cys Leu

300

Phe Ser

Ala Leu

Cye Leu

Cys

110

Gln

Asp

Leu

Gly

Arg

120

Val

Asn

Asn

His

Ser

270

Leu

Pro

Leu

Glu

Gln

95

Leu

Leu

His

Leu

Lys

175

Ile

Leu

Thr

Trp

Asp

255

Thr

His

Glu

val

Leu

335

Gln

350

365

Gly Asp

380

Phe Gly

Leu Met

Phe

Ser

Gly

val

Arg

Pro

Ile

Thr

Ala

160

Ile

val

Leu

Ile

Arg

240

Gly

Tyr

Gln

Arg

Ser

320

Met

Ser

Cys Ala

Gly Gly

Ile Val

400

Tyr Thr

415

430

445

460

Ser

Pro

Ser Glu

Ser Ser

Gly Pro

DK/EP 2822576 T3



Ser Asp Thr Pro Ile Leu Pro Gln
465 470

<210> 14

<211> 1535

<212> DNA

<213> Artificial Sequence

<220>
<223> CTP-modified Factor VII

<400> 14

ctegaggaca tggtctccoa ggecetcagg ctectotgee
tgectggetg cagtettegt aacccaggag gaagceccacy
cgegacaacyg cgttactgga ggagoetgegg cogggotoce
gagcagtget ccttegagga ggcccgggag atcttcaagg
ttetggattt cttacagtga tggggaccag tgtgoctcaa
teoctgeaagg accagetoca gtectatate tgettetgee
dactgtgaga cgcacaagga tgaccagetyg atctgtotga
cagtactgea gtgaccacat gggcaccaag cgctoctgto
ctgotggeag acggggtgte ctgcacacec acagttgaat

attcotagaaa aaagaaatge cagcaaacce caaggcocgaa

cocaaagggg agtgtecatg gcaggtectg ttgttggtga
gggaccetga tcaacaccat ctgggtggtce toegeggeee
aactggagga acctgatage ggtgctggge gagcacgaca
gagcagagee ggcgggtgge geaggtcate atcecccagea
daccacgaca tcogegetgct cocgoctgeac cageccgtgg
cecctotgdd tgecegaacyg gacgttetet gagaggacge
ttggtcageg getggggeca getgetggac cgtggegeca
cteaacgtge cdeoggetgat gacccaggac tgeotgeago
teocccaaata toacggagta catgttetgt geecggetact
tgcaaggggg acagtggagg cocacatgoe acccactacce
ggeatocgtga gotggggeca gggetgegee accegtgggeo
gtgteccagt acatcgagtyg goetgoagaaa ctgatgagaa
ctgetgagag cccecttooe cagcagoage tccaaggoca
actageagac tgoctgggee ctacgacaca cdcaatoctge
gecceteocte cateeocotgee atceoccceted cggetgecag
ctgcectcagt gatgaaggte tggatccgeg geego
<210> 15

<211> 500

<212> PRT
<213> Artificial Sequence

<220>
<223> CTP-modified Factor VII

<400> 15

ttetgettgy
gegtectgea
tggagaggga
acgcggagag
gtecatgcea
tecetgectt
acgagaacgy
ggtgecacga
atccatgtgg

ttgtggaggg

atggagcetea
actgtttega
tcagagagea
cgtacgtoee
tectedctga
tggcettegt
cggeectgga
agteacggaa
cggatggeag
ggggcacgty
actteggegt
gcgagoocay
ctooacctag
cacagagcag

gecectetga

gettcaggge
ceggegecgy
gtgcaaggay
gacgaagctg
gaatgggggc
cgagggeagyg
cggctgtyay
ggggtactcet
aaaaatacct

caaggtgtge

gttgtgtggy
caaaatcaag
cgacggggat
gggcaccace
ccatgtggtyg
gdgettetea
gcteatggte
ggtgggagac
caaggactoo
gtacctgace
gtacaccagg
acceggoegtyg
catgoacage
ctoctdtaag

caccectate

Met Val Ser Gln Ala Leu Arg Leu Leu Cys Leu Leu Leu Gly Leu Gln

1 5 10

15

Gly Cys Leu Ala Ala Val Phe Val Thr Gla Glu Glu Ala His Gly Val

20 25

30

Leu His Arg Arg Arg Arg Ala Asn Ala Phe Leu Glu Glu Leu Arg Pro

50
120
180
240
300
360

420

540

600

720

780

200

960
1020
1080
1140
1200
1260
1320
1380
1440
1500

1535
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Gly

Ala
65

Ser

Gly

Ala

Cys

Gly

145

Asp

Pro

Gly

Trp

225

Asn

Asp

Vval

Pro

Thr

305

Gly

val

Arg

Gly

Pro

385

Ser

Arg

Ser
50

Arg

Ty

Ser

Phe

Val

130

Thr

Gly

Ile

Gly

val

210

val

Leu

Glu

Pro

Val

290

Phe

Trp

Leu

Lys

Tyr

370

His

Trp

val

35

Leu

Glu

Ser

Cys

Glu

115

Asn

Lys

Val

Leu

Lys

135

Asn

Val

Ile

Gln

Gly

275

Val

Ser

Gly

Asn

Val

355

Ser

Ala

Gly

Ser

Glu

Ile

Asp

Lys

100

Gly

Glu

Ser

Glu

i80

Val

Gly

Ser

Ala

Ser

269

Thr

Leu

Glu

Gln

val

340

Gly

ASp

Thr

Gln

Gln
420

40

45

Arg Glu Cys Lys Glu Glu Gln Cys Ser Phe Glu Glu

5%

60

Phe Lys Asp Ala Glu Arg Thr Lys Leu Phe Trp Ile

Gly

85

Asp

Arg

Asn

Ser

Cys

165

Lys

Cys

Ala

Ala

Vval

245

Arg

Thr

Thr

Arg

Leu
325

Pro Arg Leu Met

Asp

Gly

His

Gly

405

Tyr

70

Asp

Gln

Asn

Gly

Cys

150

Thr

Arg

Pro

Gln

2la

230

Leu

Arg

ASn

Asp

Thr

310

Leu

Ser

Ser

Tyr

390

Cys

Ile

Gln

Leu

Cys

Gly

135

Arg

Pro

Asn

Lys

Leu

215

His

Gly

Val

Hig

His

295

Leu

Cys

Gln

Glu

120

Cys

Cys

Thr

Ala

Gly

200

Cys

Cys

Glu

Ala

Asp

280

Val

Ala

Ala

Ser

105

Thr

Glu

His

Val

Ser

185

Glu

Gly

Phe

His

Gln

265

Ile

val

Phe

Asp Arg Gly

Pro

Lys

375

Arg

Ala

Glu

Asn

360

Asp

Gly

Thr

Trp

Ser

20

Tyr

His

Gln

Glu

Glu

170

Lys

Cys

Gly

Asp

ABp

250

val

Ala

Pro

val

Ala
330

15

Ser

Ile

Lys

Tyr

Gly

155

Tyr

Pro

Pro

Thr

Lys

235

Leu

Ile

Leu

Leu

Arg

315

Thr

Pro

Cys

Asp

Cys

140

Ty

Pro

Gln

Trp

Leéu

220

Ile

Ser

Ile

Leu

Cys

300

Phe

Ala

Cys

Phe

Asp

125

Ber

Sar

Cys

Gly

Gln

205

Ile

Lys

Glu

Pro

Arg

285

Leu

Ser

Lau

80

Gln Asn Gly
95

Cys Leu Pro

110

Gln Leu Ile

Asp His Thx

Leu Leu Ala

160

Gly Lys Ile
175

Arg Ile Val

190

Val Leu Leu

Asn Thr Ile

Asn Trp Arg

240

His Asp Gly
255

Ser Thr Tyr

270

Leu His Gln

Pro Glu Arg

Leu Val Ser

320

Glu Leu Met
335

Thr Gln Asp Cys Leu Gln
345

Ile

Ser

Thr

Val

Leu

Thr

Cys

Trp

Gly

Glu

Lys

Tyr

Tyr

Gly

350

Met Phe

365

380

395

410

425

Gln

His

Lys

Leu

Phe

Leu

Asp Ser

Thr Gly

Gly Vval

Met Arg

430

Gln Ser

Cys Ala

Gly Gly

Ile Val
400

Tyr Thr
415

Ser Glu

DK/EP 2822576 T3



Pro Arg Pro Gly Val Leu Leu Arg Ala Pro Phe Pro Ser Ser Ser Ser
435 440 445

Lys ‘Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Fro
450 455 460

Ser Asp Thr Pro Ile Leu Pro Gln Seér Ser Ser Ser Lys Ala Pro Pro
465 470 475 480

Pro Sér Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro
485 490 495

Ilé Leu Pro Gln
500

<210> 16

<211> 1404

<212> DNA

<213> Homo sapiens

<400> 16

gegatogeccad tgeagcgegt gaacatgatce atggoagaat caccaggceet catcaccatt
geettttagg atatctacte agtgetgaat gtacagtttt tettgatcat gaaaacgeca
acaaaattcet gaatcggecca aagaggtata attcaggtda attggaagag ttigttoaag
ggaaccottga gagagaatgt atggaagaaa agtgtagttt tgaagaagea cgagaagttt
ttgaaaacac tgaaagaaca actgaatttt ggaagoagta tgttgatgga gatecagtgtg

agtccaatco atgtttaaat ggcggcagtt geaaggatga cattaattce tatgaatgtt

ggtgteoactt tggatttgaa ggaaagaact gtgaattaga tgtaacatgt aacattaaga
atggcagatg cgagcagttt tgtaaaaata gtgctgataa caaggtggtt tgctoctgta
ctgagggata tcgacttgcea gasaaccaga agtcecctgtga accageagbtg ccatttecat
gtggaagagt ttctgtttca caaacttcta agectoacceg tgctgagact gtttttcetg
atgtggacta tgtaaattct actgaagetg aaadeatttt ggataacate actcaaagea
cccaatcatt taatgactte actogagttg ttggtggaga agatgccaaa ccaggtcaat
teccttyggea ggttgttttg aatggtasag ttgatgeatt ctgtggagge totategtta
atgaaaaatqg gattgtaact getgeccact gtgttgaaac tggtgttaaa attacagttg
tegecaggtga acataatatt gaggagacag aacatacaga goaaaagega aatgtgatte
gaattattce tcaccacaac tacaatgcag ctattaataa gtacaaccat gacattgccc
ttctggaact ggacgaacec ttagtgctaa acagctacgt tacacctatt tgeattgetg
acaaggaata cacgaacate ttectcaszat ttggatetgg ctatgtaagt ggetggggaa
gagtcttcca caaagggaga tcagctttag ttcotocagta ccttagagtt ccacttgttg
accgagccac atgtettega tcetacaaagt teacceateta taacaacatyg ttotgtgetyg
gcttocatga aggaggtaga gatteatgto aaggagatag tgggggacece catgttactg
dagtggaagg gaccagtttc ttaactggaa ttattagectg gggtgaagag tgtgcaatga
aaggcaaata tggaatatat accaaggtat ceceggtatgt caactggatt aaggaaaaaa
caaagctcac ttgaacgegg coge

<210> 17

<211> 461

<212> PRT
<213> Homo sapiens

<400> 17
Met Gln Ar¢g Val Asn Met Ile Met Ala Glu Ser Pro Gly Leu Ile Thr
1 5 10 15

Ile Cys Leu Leu Gly Tyr Leu Leu Ser Ala Glu Cys Thr val Phe Leu
20 25 30

60
1290
180
240
300

360

420

540
600
€60
720
780
840

300

1020
1080
1140
1200
1260
1320
1380

1404
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Asp

Ser

Met
65

Thr

Cys

Asn

Glu

Cys

145

Tyr

Pro

Glu

Thr

Thr

225

Gln

val

val

Tyr
305

Leu

Ala

val

Leu

Ser

385

Glu

His

Gly

50

Glu

Glu

Glu

Ser

Leu

130

Lys

Arg

Cys

Thr

Ile

210

Arg

Val

Asn

Lys

Thr

2%0

Asn

Asp

Asp

Ser

Gln

370

Thr

Glv

Glu
35

Lys

Glu

Arg

Ser

Tyr

115

Asp

Asn

Leu

Gly

val

195

Leu

val

Val

Glu

Ile

275

Glu

Ala

Glu

Lys

Gly

355

Tyr

Lys

Glwv

Asn

Leu

Lys

Thr

Asn

100

Glu

Val

Sexr

Ala

Arg

180

Phe

Asp

val

Leu

Lys

260

Thr

Gln

Ala

Pro

Glu
340

Trp

Leu

Phe

Arg

Ala Asn Lys Ile Leu Asn Arg Pre Lys Arg Tyr Asn

40

45

Glu Glu Phe Val Gln Gly Asn Leu Glu Arg Glu Cys

55

60

Cys Ser Phe Glu Glu Ala Arg Glu Val Phe Glu Asn

70

Thr Glu Phe Trp
85

Proc Cys Leu Asn

Cys Trp Cys Pro
120

Thr Cys aAsn Ile
135

Ala Asp Asn Lys
150

Glu Asn Gln Lys
165

Val Ser Val Ser

Pro Asp Val Asp
200

Asn Ile Thr Gln
215

Gly Gly Glu Asp
230

Asn Gly Lys Val
245

Trp Ile Val Thr

Vval val Ala Gly
280

Lys Arg Asn Val
295

Ile Asn Lys Tyr
310

Leu Val Leu Asn

325

Tyr Thr Asn Ile

Gly Arg Val Phe
360

Arg Val Pro Leu
375

Thr Ile Tyr Asn
390

Asp Ser Cvs Gln

15

Lys Gln Tyr Val
90

Gly Gly Ser Cys
105

Phe Gly Phe Gli

Lys Asn Gly Arg
140

Val val Cys Ser
155

Ser Cys Glu Pro
170

Gln Thr Ser Lys
185

Tyr Val Asn Ser

Ser Thr Gln Ser
220

Ala Lys Pro Gly
235

Asp Ala Phe Cys
250

Ala Ala His Cys
265

Glu His Asn Ile

Ile Arg Ile Ile
300

Asn His Asp Ile
315

Ser Tyr val Thr

330

Phe Leu Lys Phe Gly

345

His Lys Gly Arg Ser

Val Asp Arg Ala Thr

Asp

Lys

Gly

125

Cys

Cys

ala

Leu

Thr

205

Phe

Gln

Gly

Val

Glua

285

Pro

Ala

Pro

Gly

Asp

110

Lys

Glu

Thr

val

Thr

130

Glu

Asn

Phe

Gly

Glu

270

Glu

His

Leu

Ils

80

Asp Gln
95

Asp Ile

Asn Cys

Gln Phe

Glu Gly
160

Pro Phe
175

Arg Ala

Ala Glu

Asp Phe

Pro Trp
240

Ser Ile
255

Thr Gly

Thr Glu

His Asn

Leu Glu

320

Cys Ile

335

Ser Gly Tyr

350

365

380

Asn Met Phe Cys Ala

395

Glv Asp Ser Glv Glv

Ala Leu Val

Cys Leu Arg

Gly Phe His

400

Pro His Val

DK/EP 2822576 T3



Ta0s T " 410

Thr Glu Val Glu Gly Thr Ser Phe Leu Thr Gly
420 425

Glu Glu Cys Ala Met Lys Gly Lys Tyr Gly Ile

435 440
Arg Tyr Val Asn Trp Ile Lys Glu Lys Thr Lys
450 455
<210> 18
<211> 1502
<212> DNA

<213> Artificial Sequence

<220>
<223> CTP-modified Factor IX

<400> 18

gcgategeca tgcagegegt gaacatgatc atggeagaat
tgeottttag gatatctact cagtgotgaa tgtacagttt
aacaazattc tgaatcgged aaagaggtat aattcaggta
gggaaccttyg agagagaatg tatggaagaa aagtgtagtt
tttgaaaaca ctgaaagaac aactgaattt tggaagecagt
gagteccaatc catgtttaaa tggeggcagt tgeaaggatg
tggtgtecct ttggatttgd aggaaagdac tgtgaattag
aatggcagat gcgagcagtt ttgtaasaat agtgotgata
actgagggat atogacttge agaaaaccag aagtcectgtg

tgtggaagag tttctgtttc acaaacttct aagetcacecc

gatgtggact atgtaaatte tactgaaget gagaccattt
acccaatcat ttaatgactt cactcgagtt gttggtggag
ttcecttgge aggttgtttt gaatggtaaa gttgatgecat
aatgadaaat ggattgtaac tgetgeecac tgtgttgaaa
gtcgecaggty aacataatat tgaggagaca gaacatacag
cgaattatto ctcaccacaa ctacaatgca gctattaata
cttetggaac tggacgaace cttagtgeta aacagcetacg
gacaaggaat acacgaacat cttcctcaaa tttggatctg
agagtcttoo acaaagggag atcagettta gttcocttcagt
gaccgageca catgtctteg atctacaaag ttcaccatcet
ggettocatg aaggaggtag agattcatgt caaggagata
gaagtggaag ggaccagttt cttaactgga attattaget
aaaggcaaat atggaatata taccaaggta tceccggtatg
acaaagctca ctagctccag cagcaaggea cctceceecga
ctgootggge cotoccgacac accaatcectg ccacagtgat
ac

<210> 19

<211> 489

<212> PRT
<213> Artificial Sequence

<220>
<223> CTP-modified Factor IX

<400> 19

415

Ile Ile Ser Trp Gly
0

Tyr Thr Lys Val Ser
445

Leu Thr
460

caccaggccet catcaccate
ttettgatea tgaaaacgece
aattggaaga gtttgttcaa
ttgaagaage acgagaagtt
atgttgatgg agatcagtgt
acattaattc ctatgaatgt
atgtaacatg taacattaag
acaaggtggt ttgatcctgt
aaccagcagt gecatttcea

gtgetgagac tgtttttect

tggataacat cactcaaage
aagatgccaa accaggtcaa
tctgtggagg ctctatcgtt
ctggtgttaa aattacagtt
agcaaaagcg aaatgtgatt
agtacaacca tgacattgee
ttacacctat ttgeattget
getatgtaag tggotgggga
accttagagt tccacttgtt
ataacaacat gttctgtgct
gtgggggace ccatgttact
ggggtgaaga gtgtgecaatg
tcaactggat taaggaaaaa
gectgaccte cccaagoagy

gaaggtetgyg atccgoggoe

60
120
180

2490

360
420
480
540

600

660

720

960
1020
1080
1140
1200
1260
1320
1380
1440
1500

1502
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Met

Ile

Asp

Ser

Met
65

Thr

Cys

Asn

Glu

Cys

145

Tyxr

Pro

Glu

Tht

Thr

225

Gln

Val

val

Tyr
305

Leu

Ala

val

Leu

Ser

Gln

Cys

His

Gly

50

Glu

Glu

Glu

Ser

Leu

130

Lys

Arg

Cys

Thr

Ile

210

Arg

Val

Asn

Lys

Thr

290

Asn

Asp

Asp

Ser

Gln

370

Thr

Arg

Leu

Glu

Lys

Glu

Arg

Ser

Tyr

115

Asp

Asn

Leu

Gly

Val

195

Len

val

Val

Glu

Ile

275

Glu

Ala

Gl

Lys

Gly

355

Tyr

Lys

Val

Leu

Asn

Leu

Lys

Thr

Asn

100

Glu

Val

Ser

Ala

Arg

180

Phe

Asp

Val

Leu

Lys

260

Thr

Gln

Ala

P¥o

Glu
340

Trp

Leu

Phe

Asn- Met
5

Gly Tyr Léu Leu Ser Ala Glu Cys

Ala Asn

Glu Glu Phe Val Gln Gly Asn Leu
60

Cys Ser
70

Thr Glu
85

Pro Cys

Cys Trp

Thr Cys

Ala Asp
150

Glu Asn
165

Val Ser

Pro Asp

Asn Ile

Gly Gly
230

Asn Gly
245

Trp Ile

Vval val

Lys Arg

Ile Asn

310

Leéu Val
325

Tyr Thr Asn Ile Phe Leu Lys

Gly Arg Val Phe His Lys Gly

Arg Val

Thr Ile

Ile Met Ala Glu Ser Pro

Lys Ile Leu Asn Arg Pro

55

Phe Glu Glu Ala

Phe

Len

Cys

Asn

135

Asn

Gl

Val

val

Thr

215

Glu

Lys

val

Ala

Agn

295

Lys

Leu

40

Trp

Asn

Pro

120

Ile

Lys

Lys

Ser

Asp

200

Gln

Asp

Val

Thr

Gly

280

Val

Tyr

Asn

360

25

Lys

Gly

105

Phe

Lys

val

Ser

Gln

185

Tyr

Ser

Ala

Asp

Ala

265

Glu

Ile

Asn

ser

10

Gln

90

Gly

Gly

Asn

Vval

Cys

170

Thr

Val

Thr

Lys

Ala

250

Ala

His

Arg

His

Tyr
330

345

15

Tyr Val

Ser Cys

Phe Glu

Gly Arg
140

Cys Ser
155

Glu Pro

Ser Lys

Asn Ser

Gln Ser
220

Pro Gly
235

Phe Cys

His Cys

Asn Ile

Ile Ile
300

Asp Ile
315

val Thr

Arg Glu

45

Gly Leu

Thr Vval

Lys Arg

Glu Arg

Val Phe

Ile Thr

15

Phe Leu

Tyr Asn

Glu Cys

Glu Asn
80

Asp Gly Asp Gln
25

Lys

Gly

125

Cys

Cys

Ala

Leu

Thr

205

Phe

Gln

Gly

val

Glu

285

Pro

Ala

Pro

Asp Asp Ile

110

Lys aAsn Cys

Glu Gln Phe

Thr Glu Gly

160

Val Pro Phe
175

Thr Arg Ala

190

Glu Ala Glu

Asn Asp Phe

Phe Pro Trp

240

Gly Ser Tle
255

Glu Thr Gly

270

Glu Thr Glu

His His Asn

Leu Leu Glu

320

Ile Cys Ile
335

Phe Gly Ser

350

Arg Ser Ala

365

Pro Leu Val Asp Arg Ala Thr Cys
380

375

Tyr Asn Asn Met Phe

Cys Ala Gly

Gly Tyr

Leu Val

Leu Arg

Phe His

DK/EP 2822576 T3



385

Glu Gly

Thr Glu

Glu Glu

Arg Tyr
450

Ser Lys
465

Pro Ser

Gly

Val

Cys

435

Val

Ala

Asp

<210> 20

<211> 1585
<212> DNA
<213> Artificial Sequence

<220>

<223> CTP-modified Factor IX

<400> 20

gegatogeca

tgecttttag

aacaaaattc

gggaacctty

tttgaaaaca

gagtccaate

tggtgteccot

aatggcagat

actgagggat

tgtggaagag

gatgtggact

acccaatecat

ttecettggd

datgaaaaat

gtegeaggtg

cgaattatte

cttctggaac

acaaggaata

gagtetteca

accgagecad

gettacatga

aagtggaagqg

aaggcdaata

caaagetcac

tgoetgggec

catcectgee

gatgaaggtc

Arg

Glu

420

Ala

Asn

Pro

Thr

Asp

405

Gly

Met

Trp

Pro

Pro
485

tgcagcgegt
gatatctact
tgaatcggec
agagagaatg
ctgaaagaac

catgtttaas

ttggatttga
gegageagtt
atecgacttge
tttctgttte
atgtaaatte
ttaatgactt
aggttgtttt
ggattgtaac
aacataatat
cteoaccacaa
tggacgaacc
cacgaacatc
caaagggaga
atgtcttcga
aggaggtaga
gaccagttte
tggaatatat
tagctocage
ctoegacaca
ateeecectee

tggatacgeg

390

Ser

Thr

Lys

Ile

Pro

470

Ile

Cys

Ser

Gly

Lys

455

Ser

Leu

gecge

Gln

Phe

Lys

440

Glu

Leu

Pro

gaacatgatec
cagtgctgaa
aaagaggtat
tatggaagaa
aactgaattt

tggeggeagt

aggaaagaac
ttgtaaaaat
agaaaaccag
acaaacttct
tactgaagct
cdactegagtt
gaatggtaaa
tgetgeeeac
tgaggagaca
ctacaatgea
cttagtgcta
ttccteoaaat
teagetttag
tctacaaagt
gattecatgte
ttaactggaa
acdaaggtat
agcaaggcoc
ccaatcotge

cggcetgectyg

Gly

Leu

425

Tyr

Lys

Pro

Gln

Asp

410

Thr

Gly

Thr

Ser

395

Ser

Gly

Ile

Lys

Pro
475

atggcagaat

tgtacagttt

aattcaggta

aagtgtagtt

tggaagcagt

tgeaaggaty

tgtgaattag

agtgctgata

aagtectgtyg

aagctcacce

gaaaccattt

gttggtggag

gttgatgcat

tgtgttgaaa

gaacatacag

getattaata

aacagctacg

ttggatctgg

ttettecagta

tcadcatcta

aaggagatag

ttattagetg

ceoeggtatgt

ctcodeegayg

cacagagcag

gcocectetga

Gly Gly Pro

400

His Val
415

Ile Ile Ser Trp Gly

430

Tyr Thr Lys
445

val Ser

Leu Thr S8er Ser Ser

460

Ser Arg Leu Pro Gly

caccaggect
ttettgatea
aattggaaga
ttgaagaage
atgttgatgg

acattaatte

atgtaacatg
acaaggtggt
aaccagceagt
gtgotgagac
tggataacat
dagatgccaa
tetgtggagg
ctggtgttaa
agcaaaagcqg
agtacaacca
ttacacctat
ctatgtaagt
cottagaght
taacaacatg
tgggggacce
gggtgaagag
caactggatt
dotgeactee
ctectotaag

caccectate

480

catcaccate
tgaaaacgec
gtttgtteaa
acgagaagtt
agatcagtgt

ctatgaatgt

taacattaag
ttgctectgt
gecatttaca
tgtttttect
cactcaaage
accaggtcaa
ctctategtt
aattacagtt
aaatgtgatt
tgacattgoc
ttgcattget
ggetggggaa
ccacttgttyg
ttetgtgetyg
catgttactg
tgtgecaatga
aaggaaaaaa
ccaageaggc
geecctoete

ctgecteagt

60
129
180
240
300

360

420
480

540

660
720

780

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560

1585
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<210> 21

<211> 517
<212> PRT
<213> Artificial Sequence

<220>
<223> CTP-modified Factor IX

<400> 21
Met Gln Arg

1

Ile

Asp

Ser

Met

65

Thr

Cys

Glu

Cys

145

Tyr

Pro

Glu

Thr

Thr

225

Gln

Vval

val

Tyr
305

T.a1

Cys

His

Gly

50

Glu

Glu

Glu

Ser

Leu

130

Lys

Arg

Cys

Thr

Ile

210

Arg

val

Asn

Lys

Thr

290

Asn

Aar

Leu

Glu
35

Lys

Glu

Arg

Ser

Tyr

115

Asp

Asn

Leu

Gly

Val

195

Leu

val

Val

Glu

Ile

275

Glu

Ala

1

Vval

Leu

20

Asri

Leu

Lys

Thr

Asn

100

Glu

Val

Ser

Ala

aArg

180

Phe

Asp

Val

Leu

Lys

260

Thr

Gln

Ala

D

Asn

Gly

Ala

Glu

Cys

Thr

85

Pro

Cys

Thr

Ala

Glu

165

Val

Pro

Asn

Gly

Asn

245

Txp

val

Lys

Ile Asn Lys Tyr Asn His Asp Ile Ala Leu Leu Glu

T.a1

Met Ile Met Ala Glu Ser Pro Gly Leu Ile Thr

Tyr Leu Leu Ser Ala Glu Cys Thr Val Phe Len

Asn Lys Ile Leu Asn Arg Pro Lys Arg Tyr Asn

Glu

Ser

70

Glu

Cys

Trp

Cys

Asp

150

Asn

Ser

Asp

Ile

Gly

230

Gly

Ile

val

Arg

310

iral

40

Phe Val
58

Phe Glu

Phe Tip

Leu Asn

Cys Pro
120

Asn Ile
135

Asn Lys

Gln Lys

Val Ser

val Asp
200

Thr Gln
215

Glu Asp

Lys Val

Val Thr

Ala Gly

280

Asn Val

295

Tt Ban Qaw Tur Wal

25

Gln

Glu

Lys

Gly

105

Phe

Lys

val

Ser

Gln

185

Tyr

Ser

Ala

Asp

Ala

265

Glu

Ile

10

Gly

Ala

Gln

90

Gly

Gly

Asn

Val

Cys

170

Thr

Val

Thr

Lys

Ala

250

Ala

His

Arg

Asn

Arg

75

Tyr

Ser

Phe

Gly

Cys

155

Glu

Ser

Asn

Gln

Pro

235

Phe

His

Agn

Ile

Leu

60

Glu

Val

Cys

Glu

Arg

140

Ser

Pro

Lys

Ser

Ser

220

Gly

Cys

Cys

Ile

Ile

45

Glu

Val

Asp

Lys

Gly

125

Cys

Cys

Ala

Leu

Thr

205

Phe

Gln

Gly

Val

Glu

285

Pro

300

315

Thy DvAa Tla Mrae Tla

30

Arg

Phe

Gly

Asp

110

Lys

Glu

Thr

val

Thr

190

Glu

Asn

Phe

Gly

Glu

270

Glu

His

15

Glu

Glu

Asp

95

Asp

Asn

Gln

Glu

Pro

175

Arg

Ala

Asp

Pro

Ser

255

Thr

Thr

His

Cys

Asn

80

Gln

Ile

Cys

Phe

Gly

160

Phe

Ala

Glu

Phe

Trp

240

Ile

Gly

Gli

Asn

320
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LTu MO WEM SV SW YL LhSu S

325

Ala Asp Lys Glu Tyr Thr Asn Ile

340

Val Ser Gly Trp Gly Arg Val Phe
355

360

Leu Gln Tyr Leu Arg Val Pro Leu

370

375

Ser Thr Lys Phe Thr Ile Tyr Asn
390

385

Glu Gly Gly Arg Asp Ser Cys Gln

405

Thr Glu Val Glu Gly Thr Seér Phe

420

Glu Glu Cys Ala Met Lys Gly Lys
435

440

Arg Tyr Val Asn Trp Ile Lys Glu

450

455

Ser Lys Ala Pro Pro Pro Ser Leu
470

465

Pro Ser Asp Thr Pro Ile Leu Pro

485

Pro Pro Ser Leu Pro Ser Pro Ser

500

Pro Ile Leu Pro Gln
515

<210> 22

<211> 2413
<212> DNA

<213> Homo sapiens

<400> 22
toctagagteg

ggaaccttgg
gctgtgegea
cteaacctgg
cggtcectgt
tggctggaac
gaccccaagt
aaggeggoct
ggcatcgaga
gteaatgace
ggcacacggt
gtggcctaca
gtggaggeac
ggcecegagyg
tteegtgggg
aacgggggee
ctgtceatca

tocacactgg

accecgacat
toctgotage
tcececkggagg
gdcagatett
egecteaccy
agcaggtgge
ttecetecagea
gggcgcagyg
agaaccacad
aggaccetga
gtgcggggga
acgeccgecat
gctegetggg
atgacggcaa
ttagacaggg
gggaacatga
gocagegecac

ccacgaccta

ggagctgagy
agectgatget
ccecagegotyg
cggggactat
ceoegeggeac
aaagcgacgyg
gtggtacctyg
ctacacaggyg
ggacttggea
cocacageet
agtggctgcg
tggaggggtyg
cctgaaccoc
gacagtggat
ccgagggggyg
cagctgcaac
gcagtttgge

cagcagtgge

S ays vaw

330

Phe Leu lys
345

His Lys Gly

Val Asp Arg

Asn Met Phe
395

Gly Asp Ser
410

Leu Thr Gly
425

Tyr Gly Ile

Lys Thr Lys

Pro Ser Pro
475

Gln Ser Ser
430

Arg Leu Pro
505

coetggttge
cagggcecaga
gccaacaghtg
taccacttcet
ageaggctge
actaaacggg
tcetggtgtea
cacggecattyg
ggcaattatg
cggtacacac
gtggccaaca
cgcatgetgy
aaccacatcc
gggacagcaa
ctgggetceoa
tgegacgget
aacgtgcegt

aaccagaatg

L Sy ALE ey L

335

Phe Gly Ser Gly Tyr
350

Arg Ser Ala Leu Val

365

Ala Thr Cys Leu Arg

380

Cys Ala Gly Phe His

400

Gly Gly Pro His Val

415

Ile Ile Ser Trp Gly
430

Tyr Thr Lys Val Ser

445

Leu Thr Ser Ser Ser

460

Ser Arg Leu Pro Gly

480

Ser Ser Lys Ala Pro

485

Gly Pro Ser Asp Thr
510

tatgggtggt
aggtottcac
tggcacggaa
ggcategagy
agagggagcc
acgtgtacca
ctecageggga
tggtecteeat
aktecctgggge
agatgaatga
acggtgtetyg
atggcgaggt
acatctacag
gectegecga
tetttgtctg
acaccaacayg
ggtacagcga

agaagcagat

agcagcaaca
caacacgtgy
geatgggttc
agtgacgasayg
tecdagtacag
ggagcccaca
cctgaatgty
tetggacgat
cagttttgat
caacaggcac
tggtgtaggt
gacagatgea
tgcecagetgg
ggaggcectte
ggectagggg
tatctacacg
ggectgetog

cgtgacgact.

60
120
180
240
300
360

420

540
600
660
720
780
840
200
260
1020

1080
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gacttgcgge agaagtgeac
goeeggaatea ttgetotcac
cacctggtgg tacagaccte
ggtgtgggce ggaaagtgag
gtggccctgg cocagaattg
ctcaccgage ccaaagacat
ctgggegage ccaaccacat
tataatecgee gtggegacct
ctgetggeag ccaggeecaca
acaactcatt cctgggatga
agcgaageca acaactatgg
cotgagggge tgooegtace

gectgtgtgg tgtgegagga

cetecagget tégooceeca

accatcocggyg
gocctgacag

tgetecegge

cceceggagyg tggaggegeg

gaggtggtyg

gtectgeaga tgegetctgg

ggactcoatet
tcagaagagg
tgaacgeggo
<210> 23

<211>794
<212> PRT

age

ccagagtetg
actgacteag

aaagccagag

ceggacteag

cctacaaggyg

acgagggceg

<213> Homo sapiens

<400> 23

Met Glu Leu
1

Leu Val Leu

Thr Trp Ala

Ala Arg Lys
50

Tyr His Phe
65

Arg Pro Arg

Glu Gln Gln

Pro Thr Asp
115

Gln Arg Asp
130

His Gly Ile
145

Arg

Leud

20

Val

His

Trp

His

Val

Loo

Pro

Leu

Val

Pro

Ala

Arg

Gly

His

Ser

85

Ala

Lys=s

Asn

Val

Trp

Ala

Ile

Phe

Arg

70

Arg

Lys

Phe

val

Ser
150

ggagtctcac
cctggaggec
gaagccagec
ccactcatat
gaccacagtyg
cgggaaacgyg
cactcggety
ggecatocao
tgactactee
ggatccctot
gacgetgace
teccagaaage

aggettetee

cgceeaectge
ctgcoccage
cagccgagag
goaacggety
ctgagoettc
ctttagtttt
getgeccect

g9gcgagagy

Leu Leu

Asp Ala

Pro Gly
40

Leu Asn
55

Gly val

Leuw Gln

Arg Arg

Pro Gln

120

Lys Ala
135

acgggcacct

aataagaacc

cacctcaaty

ggctacggge

gocececagae

cteogaggtge

gageacgete

ctggtcagee

geagatgggt

ggcgagtggg

aagttcacce

agtggetgea

ctgcaccaga

agtcctcgat acgcactata

cacgectcat

cacgéctect

tocecgocaa

cgggcaggge

ategtgetgg

cggggggtga

gaagectgge

accgecttta

Trp

Gln

25

Gly

Leu

Thr

Arg

Thr

105

Gln

Ala

Val

10

Gly

Pro

Gly

Lys

Glu

90

Lys

Trp

Trp

Val

Gln

Ala

Gln

Arg

75

Pro

Arg

Tyr

Ala

cagcetetge
tecacatggeg
ccaacgacty
ttttaggacgd
ggaagtgcat
ggaagacaogt
aggcgeggcet
ccatgggeac
ttaatgactg
toctagagat
tegtacteta
agacacteac

agagetgtgt

ceecttagea
ggacatgcaa
ggocaccaat:
aggcegecatyg
catecgacatc
gaccgegtge
caccetgtee
cegetecace
ggacttcatg
tgaaaacacc
tggeacegece
gtecagteoag

ccagcactge

geaccgagaa tgacgtggag

gtgccacatg ccaggggecg

tggaccctgt

ggagcagact

agecagecagece accteggetg

tgetgeeate acacctgect

tettagteac tgtettecty

aggtgtacace

catggacegt

aggaggagtyg ccecgtetgac

tcaaagacca gagegeeete

Ala Ala Thr Gly Thr

15

Lys Val Phe Thr Asn

30

Val Ala Asn Ser Val

45

Ile Phe Gly Asp Tyr

60

Ser Léu Ser Pro His

80

Gln val Gln Trp Leu

95

Asp Val Tyr Gln Glu

11

0

Leu Ser Gly Val Thr

125

Gln Gly Tyr Thr Gly

140

Ile Leu Asp Asp Gly Ile Glu Lys Asn His

155

160

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800

1860

1920
1980
2040
2100
2160
2220
2280
2340
2400

2413
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Pro

Asp

Gly

Arg

225

Gly

Glu

Ala

Phe

Cys

305

Thr

Leu

Thr

Ala

Asn

385

Ser

Gly

Ala

Lys

Leu

465

Ile

Ser

Asn

Agp

Gln

Hig

val

210

Met

Leu

BAsp

Phe

val

290

Asp

Gln

Ala

Thr

Ser

370

Lys

Lys

Arg

Met

Cys

450

Glu

Thr

Arg

Thr

AsD

Leu

Asp

Gly

195

Cys

Leu

Asn

Asp

Phe
275

Trp

Gly

Phe

Thr

Asp

355

Ala

Asn

Fro

Lys

Vval

435

Ile

Val

Arg

Gly

Leu

515

Trp

Ala

Pro

180

Thr

Gly

Asp

Pro

Gly

260

Arg

Ala

Tyr

Gly

Thr

340

Leu

Pro

Leu

Ala

Val

420

Ala

Ila

Arg

Leu

Asp

500

Leu

Ala

Gly

165

Asp

Arg

val

Gly

Asn

245

Lys

Gly

Ser

Thr

Asn

325

Tyr

Arg

Leu

Thr

Hisg

405

Ser

Leu

Asp

Lys

Glu

485

Leu

Ala

Phe

Asn

Pro

Cys

Gly

Glu

230

His

Thr

val

Gly

Asn

310

Val

Ser

Gln

Ala

Trp

390

Leu

His

Ala

Ile

Thr

470

His

Ala

Ala

Met

Tyr

Gln

Ala

val

215

val

Ile

val

Ser

Asn

295

Ser

Pro

Ser

Lys

Ala

375

arg

Asn

Ser

Gln

Leu

455

Val

Ala

Ile

Arg

Thr

-

Asp

Pro

Gly

200

Ala

Thr

His

Asp

Gln

280

Gly

Ile

Trp

Gly

Cys

360

Gly

Asp

Ala

Tyr

Asn

440

Thi

Thr

Gln

His

Pro

520

Thr

Pro

Arg

185

Glu

Tyr

Gly

265

Gly

Gly

Tyr

Tyr

Asn

345

Thr

Ile

Met

Asn

Gly

425

Trp

Glix

Ala

Ala

Leu

505

His

His

Gly

170

Tyr

val

Asn

Ala

Tyr

250

Pro

Arg

Thr

Ser

330

Gln

Glu

Ile

Gln

Asp

410

Tyr

Thr

Pro

Cys

Arg

490

Val

Asp

Ser

Ala

Thz

Ala

Ala

val

235

Ser

Ala

Gly

Glu

Leu

315

Glu

Asn

Ser

Ala

Hisg

395

Trp

Gly

Thr

Lys

Leu

475

Leu

Ser

Tyr

Trp

Ser

Gln

Ala

Arg

220

Glu

Ala

Arg

Gly

His

300

Ser

Ala

Glu

His

Leu

380

Leu

Ala

Leu

val

Asp

460

Gly

Thr

Pro

Ser

Asp

Phe

Meét

Val

205

Ile

Ala

Ser

Leu

Leu

285

Asp

Ile

Cys

Lys

Thr

365

Thr

val

Thr

Leu

Ala

445

Ile

Glu

Leu

Met

Ala

525

Glu

Asp

Asn

190

Ala

Gly

Arg

Trp

Ala

270

Gly

Ser

Ser

Ser

Gln

350

Gly

Leu

Val

Asn

Asp

430

Pro

Gly

Pro

Ser

Gly

510

Asp

Asp

val

175

Asp

Asn

Gly

Ser

Gly

255

Glu

Ser

Cys

Ser

Ser

335

Ile

Thr

Glu

Gln

Gly

415

Ala

Gln

Lys

Asn

Tyr

495

Thr

Gly

Pro

Asn

Asn

Asn

val

Leu

240

Pro

Glu

Ile

Asn

Ala

320

Thr

val

Ser

Ala

Thr

400

Val

Gly

Arg

Arg

His

480

Asn

Arg

FPhe

Ser
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Gly Glu
545

Gly Thr

Gly Leu

Ser Gln

Ser Cys
610

Thr His
625

Cys Ala

Thr Asp

Gln Thr

Gln Gln
630

Arg Ala
705

Ser Cys

Gln Leu

Asp Arg

Glu Glu

770

Thr Ala
785

Trp Val Leu Glu
550

Leu Thr Lys Phe
565

Pro Val Pro Pro
580

Ala Cys Val Val
595

val Gln His Cys

Tyr Ser Thr Glu
€30

Pro Cys His Ala
645

Cys Leu Ser Cys
660

Cys Ser Arg Gln
675

Pro Pro Arg Leu

Gly Leu Leu Pro
710

Ala Phe Ile Val
725

Arg Ser Gly Phe
740

Gly Leu Ile Ser
755

Cys Pro Ser Asp

Phe Ile Lys Asp
790

<210> 24

<211> 1621

<212> DNA

<213> Artificial Sequence

<220>

D35

Ile

Thr

Glu

Cys

Pro

615

Asn

Ser

Pro

Ser

Pro

695

Ser

Leu

Ser

Tyr

Ser

775

Gln

Glu Asn Thr Ser

555

Leu Val Leu Tyr

Ser

570

Ser Gly Cys
585

Glu Glu Gly Phe

600

Pro Gly Phe Ala

Asp Val Glu Thr

Cys

Ser

Gln

680

Pro

His

Val

Phe

Lys

760

Glu

Ser

<223> CTP-modified Factor VII

<400> 24
ctégaggaca tggtctccca ggecetecagg ctectetgae

635

Ala Thr Cys
650

His Ala Ser
665

Ser Ser Arg

Glu Vval Glu

Leu Pro Glu
715

Phe Val Thr
730

Arg Gly Val

745

Gly Leu Pro

Glu Asp Glu

Ala Leu

tgectggotg cagtettegt aaccecaggag gaageocacyg

cgegecaacyg cgttoctgga ggagetgegyg ccogggetoce

gagcagtget ccttecgagga ggccecgggag atcttcaagg

ttectggattt cttacagtga tggggaccag tgtgectcaa

toctgeaagg accageteca gteoctatatce tgettetgee

aactgtgaga cgcacaagga tgaccagcectg atctgtgtga

cagtactgea gtgaccacac gggcaccaag cgctectgte

Glu Ala Asn

Gly Thr Ala

Lys Thr Lew
590

Ser Leu His
605

Pro Gln Val
620

Ile Arg Ala

Asn Tyr
560

Pro Glu

575

Thr Ser

Gln Lys

Leu Asp

Ser Val
640

Gln Gly Pro Ala Leu

655

Leu Asp Pro Val Glu

€70

Glu Ser Pro Pro Gln

685

Ala Gly Gln Arg Leu

700

val val Ala Gly Leu

720

Val Phe Leu Val Leu

735

Lys Val Tyr Thr Met

750

Pro Glu Ala Trp Gln

765

Gly Arg Gly Glu Arg

780

ttetgattgg
gegtectgea
tggagaggga
acgeggagag
gtccatgeea
tecetgectt

acgagaacgg

ggtgccacga

gcttcaggge
ceggcgeegyg
gtgcaaggag
gacgaagctg
gaatggggge
cgagggcecgyg

cggetgtgag

ggggtactot

60

120

240

300

360

420

480
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ctgetggcag acggggtgtc ctgcacaccce acagttgaat

attctagaaa aaagaaatgc cagcaaaccc caaggcocgaa

ceccaaagggy agtgtcocatg geaggtcetg ttgttggtga

gggaccctga tcaacaccat ctgggtggte teegeggece

aactggagga acctgatcge ggtgctggge gagcacgacco

gagcagagee ggeggotygge geaggteate atccccagea

aaccacgaca tcgegetget cogectgeac cageoccgtgg

cgactctged tgdecgaacyg gacgttetet gagaggacge

ttggtecageg gotggygoca getgetggac cgtggogoca

cteaacgtge cceggetgat gacccaggac tgectgeage

teocecaaata tcacggagta catgttetgt gocggotact

tgcaaggyuygyg acagtggagyg cocacatgee acccactace

ggeategtga gotggggaca gggctgogec accgtgggee

gtgtcccagt acatcgagtg getgecagaaa ctgatgagaa

ctgotgagag coccottoce cageagcage tecaaggeca

cctageagac tgcctggged cagtgacace ectatcctge

geocccaccee ctagoctgee ttotocttot cggotgoctyg

ctgocecagt cctocagcag taaggcetcca cctcecatcte

ccaggecctt ctgatacace catcctecca cagtgatgag

a

<210> 25

<211> 528

<212> PRT

<213> Artificial Sequence

<220>

<223> CTP-modified Factor VII

<400> 25
Met Val Ser Gln Ala Leu Arg Leu Leu Cys Leu Leu Leu Gly Leu Gln

1

Gly Cys

Leu His

Gly Ser
50

Ala Arg
65

Ser Tyr

Gly Ser

Ala Phe

Cys Val
130

Gly Thr
145

Asp Gly

5

10

atccatgtgg
ttgtgagggyg
atggagctca
actgtttcga
tcagegagca
cgtacgtcec
tccteactga
tggecttcgt
cggecetgga
agtcacggaa
cggatggcag
ggggcacgty
actteggegt
gcgagcccag
ctececcetag
ctoagtccag
gcccocagega
tgccatecce

gatcegegge

aaaaatacect
caaggtgtgc
gttgtgtagg
caaaatcaaqg
cgacggggat
gggcaccacc
cecatgtggtg
gegettetea
getecatggtoe
ggtgggagac
caaggactce
gtacctgace
gtacaccagg
acceggegtg
cetgaccage
ctecagcaayg
tactccaatt
cagcagactg

cgcttaatta

15

Leu Ala Ala Val Phe Val Thr Gln Glu Glu Ala His Gly Val

20

25

30

Arg Arg Arg Arg Ala Asn Ala Phe Leu Glu Glu Leu Arg Pro

35 40

Leu Glu Arg Glu Cys Lys
55

Glu Ile Fhe Lys Asp Ala
70

Ser Asp Gly Asp Gln Cys
85

Cys Lys Asp Gln Leu Gln
100

Glu Gly Arg Asn Cys Glu
116 120

Asn Glu Asn Gly Gly Cys
138

Lys Arg Ser Cys Arg Cys
150

val Ser Cys Thr Pro Thr

Glu Glu Glo

Glu Arg Thr
75

Ala Ser Ser
90

Ser Tyr Ile
105

Thr His Lys

Glu Gln Tyr

His Glu Gly

155

Val Glu Tyr

45

Cys Ser Phe
60

Lys Leu Phe

Pro Cys Gln

Cys Phe Cys
110

Asp Asp Gln
125

Cys Ser Asp
140

Tyr Ser Leu

Pro Cys Gly

Glu Glu

Trp Ile
80

Asn Gly
95

Leu Pro

Leu Ile

His Thr

Leu 2la

160

Lys Ile

540
600
660
729
780
840
200
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620

1621
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Pro Ile

Gly Gly

Leu Val
210

Trp Val
225

Asn Leu

Asp Glu

Val Pro

Pro Val

230

Thr Phe
305

Gly Trp

Val Len

Arg Lys

Gly Tyr

370

Pro His
385

Ser Trp

Arg Val

Pro Arg

Lys Ala

450

Ser Asp

465

Pro Ser

Ile Leu

Ser Pro

Leu

Lys

185

Asn

Vval

Ile

Gln

Gly

275

Val

Ser

Gly

Asn

val

355

Ser

Ala

Gly

Ser

Pro

435

Pro

Thr

Leu

Pro

Ser
515

<210> 26
<211> 1607

Glu

180

Val

Gly

Ser

Ala

Ser

260

Thz

Leu

Glu

Gln

val

340

Gly

Asp

Thr

Gln

420

Gly

Pro

Pro

Pro

GCln

500

Arg

165

Lys Arg

Cys Pro

Ala Gln

Ala Ala
230

Val Leu
245

Arg Arg

Thr Asn

Thr Asp

Arg Thr
310

Leu Leu
325

Pro Arg

Asp Ser

Gly Ser

His Tyr
380

Gly Cys
405

Tyr Ile

Val Leu

Pro Ser

Ile Leu

470

Ser Pro
485

Ser Ser

Leu Pro

Asn

Lys

Leu

215

Gly

Val

His

His

295

Leu

Asp

Leu

Pro

Lys

375

Arg

Ala

Glu

Leu

Leu

455

Pro

Ser

Ser

Gly

Ala

Gly

200

Cys

Cys

Glu

Ala

Asp

280

val

Ala

Arg

Met:

Asn

360

Asp

Gly

Thr

Trp

Arg

440

Pro

Gln

Arg

Ser

Pro
520

Ser

185

Glu

Gly

Phe

His

Gln

265

Ile

Val

Phe

Gly

Thr

345

Ser

Thr

val

Leu

425

Ala

Ser

Ser

Leu

Lys

505

Ser

170

Lys

Cys

Gly

Asp

Asp

250

val

Ala

Pro

Val

Ala

330

Gln

Thr

Cys

Trp

Gly

410

Gln

Pro

Pro

Ser

Pro

490

Ala

Asp

Pro

Pro

Thr

Lys

235

Leu

Ile

Leu

Leu

Arg

315

Thr

Asp

Glu

Lys

Tyr

395

His

Lys

Phe

Ser

Ser

475

Gly

Pro

Thr

Gln

Trp

Leu

220

Ile

Ser

Ile

Leu

Cys

Gly Arg

190

Gln Vval

205

Ile Asn

Lys Asn

Glu His

Pro Ser

175

Ile val

Leu Leu

Thr Tle

Trp Arg

240

Asp Gly

255

270

Arg Leu

285

Leu Pro

300

Phe Ser

Ala Leu

Cys

Leu

Tyr Met

365

Gly Asp

380

Leu Thr

Phe Gly

Leu Met

Pro Ser

445

Arg Leu

460

Ser Lys

Pro Ser

Pro

Pro

Pro

Ile
525

Leu

Glu

Gln

350

Phe

Ser

Gly

Val

Arg

430

Ser

Pro

Ala

Asp

Ser

510

Leu

Thr Tyr

His Gln

Glu Arg

Val Ser
320

Leu Met
335

Gln Ser

Cys Ala

Gly Gly

Ile Val
400

Tyr Thr
115

Ser Glu

Ser Ser

Gly Pro

Pro Pro

480

Thr Pro
495

Leu Pro

Pro Gln
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<212> DNA
<213> Artificial Sequence

<220>
<223> CTP-modified Factor VII

<400> 26

ctogaggaca tggtétecea ggecctoagyg
tgectggotyg cagtottegt aacccaggag
cgegecaacyg egttcctgga ggagetgegg
gagcagtget cecttogagga ggccecgggay
ttotggattt cttacagtga tggggaccag
tectgeaagg accageteca gtectatate
aactgtgaga cgcacaaggsa tgaccagcetg
cagtactgca gtgaccacac gggcaccaag
ctgetggcayg acggggtygte ctgcacacece
attetagaaa aaagaaatge cagcaaaccc
cecaaagggy agtgtcecatg geaggtecty
gggaccctga tcaacaccat ctgggtggte
aactggagga acctgatcge ggtgctggge
gagcagagee ggeggotgge gcaggteatce
aaccacgaca tcgegetget cogectgeac
cocctctgoe tgoccgaacyg gacgttotet
ttggtcageg gotggggeca getgetggac
ctcaacgtge cccggetgat gaccecaggac
tceccaaata tcacggagta catgttetgt
tgcaaggggg acagtggagg cccacatgec
ggeategtga getggggeca gggetgeged
gtgtcccagt acatcgagtg getgcagaaa
ctgctgagag cceccttece cagcageage
cctageagac tgeoctgggee cagtgacacc
gecacaccae ctagectgee ttoteettet
ctgdcecagt cctdcageag taaggetced
ccaggecctt ctgatacacce catcetecca
<210> 27

<211> 532

<212> PRT
<213> Artificial Sequence

<220>
<223> CTP-modified Factor VII

<400> 27

ctectctgee
gaagcocacg
ccgggetace
atecttcaagy
tgtgecteaa
tgettetgee
atctgtgtga
cgctectgte
acagttgaat
caaggccgaa
ttgttggtga
teoegeggece
gagcacgacc
ateccccagca
cageccgtgg
gagaggacgc
cgtggogeca
tgcctgcage
gceggctact
acccactace
accgtgggeo
ctgatgagaa
teocaaggeee
cotatectge
cggetgectg
cetocatete

cagtgatgag

Leu Glu Asp Met Val Ser Gln Ala Leu Arg Leu

1 5

10

Gly Len Gln Gly Cys Leu Ala Ala Val Phe Val
20 25

His Gly val Leu His Arg Arg Arg Arg Ala Asn

35 40

Leu Arg Pro Gly Ser Leu Glu Arg Glu Cys Lys

50 55

e ML MTal m e meee AL ma o wLoa

ttetgettgg
gegtectgea
tggagaggga
acgcggagag
gteecatgeea
teoocetgectt
acgagaacgg
ggtgeccacga
atccatgtgy
ttgtgggggg
atggagetca
actgtttega
teagegagea
cgtacgtdce
toccteactga
tggeettegt
cggecctgga
agtcacggaa
cggatggcag
ggggcacgty
actteggogt
gcgageccag
cteceoectag
ctecagtecag
gocecagega
tgeocatccee

gatccge

gettcaggge
ceggegecgyg
gtgcaaggag
gacgaagetg
gaatggggge
cgagggccgyg
cggctgtgag
ggggtactet
aaaaatacct
caaggtgtge
gttgtgtogy
caaaatcaag
cgacggggat
gggcaccace
ccatgtggtyg
gegettetea
getecatggte
ggtgggagac
caaggactce
gtacctgace
gtacaccagyg
atceggegtyg
cctygececage
ctecageaag
tactccaatt

cagcagactyg

Leu Cys Leu Leu Leu

15

Thr Gln Glu Glu Ala

30

Ala Phe Leu Glu Glu

45

Glu Glu Gln Cys Ser

60

P T

60

120

240
300
360
420
480
540

600

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560

1607
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Fne

65

Phe

Glo

Cys

Gln

Asp

145

Leu

Gly

Arg

val

Asn
225

Asn

Ser

Leu

Pro

305

Leu

Glu

Gln

Phe

Ser

385

Gly

Val

=iu

Tip

Asn

Leu

Leu

130

His

Leu

Lys

Ile

Len
210

Thr

Trp

Asp

Thr

His

290

Glu

Val

Leu

Gln

Cys

370

Gly

Ile

Tyr

Ser

Ser

wlu

Ile

Gly

Pro

115

Ile

Thr

Ala

Val
185

Leu

Ile

Arg

Gly

Tyxr

275

Gln

Arg

Ser

Met

Ser

355

Ala

Gly

Val

Thr

Glu

435

Sear

ALa

Ser

Gly

100

Ala

Cys

Gly

Asp

Pro

180

Gly

Leu

Trp

Asn

asp

260

val

Pro

Thr

Gly

val

340

Arg

Gly

Pro

Ser

Arg

420

Pro

Lys

Arg GLu
70

Tyr Ser
85

Ser- Cys

Phe Glu

Val Asn

Thr Lys
150

Gly Val
165

Ile Leu

Gly Lys

Val Asn

val val
230

Leéu Ile
245

Glu Gln

Pro Gly

Val val

Phe Ser

310

Trp Gly
325

Leu Asn

Lys Val

Tyr Ser

His Ala

390

Trip Gly

405

Val Ser

Arg PBro

Ala Ero

Lie

Asp

Lys

Gly

Glu

135

Arg

Ser

Glu

Val

Gly
215

Ser

Ala

Ser

Thr

Leu

295

Glu

Gln

val

Gly

Asp

375

Thr

Gln

Gln

Gly

Pro

rne

Gly

Asp

Arg

120

Asn

Ser

Cys

Lys

Cys

200

Ala

Ala

val

Arg

Thr

280

Thr

Arg

Leu

Pro

Asp

360

Gly

His

Gly

Tyr

Val

44Q

Pro

Lys

Asp

Asp Gln

90

Gln Leu

105

Asn Cys

Gly Gly

Cys

Arg

Thr Pro

170

Arg Asn

185

Pro Lys

Gln Leu

Ala

Leu

Arg

265

Asn

Asp

Thr

Leu

Arg

345

Ser

Ser

Tyr

Cys

Ile

425

Leu

Ser

His Cys

Ala

15

Cys

Gln

Glu

Cys

Cys

155

Thr

Ala

Gly

Cys

235

Gly

250

Val

His

His

Leu

Glu

Ala

Asp

val

Ala

Phe

His

Gln

Ile

Vval

il

Ala

Ser

Thr

Glu

140

His

Vval

Ser

Glu

Gly
220

Asp

Asp

Val

Ala

arg

Ser

Tyr

His

125

Gln

Glu

Glu

Lys

Cys

205

Gly

Lys

Leu

Ile

rnr

Ser

Tle

110

Lys

Tyr

Gly

Tyr

Pro

150

Pro

Thr

Ile

Ser

Lys

Pro

95

Cys

Asp

Cys

Tyr

Pro

175

Gln

Trp

Leu

Leu

80

Cys

Phe

Asp

Ser

Ser

160

Cys

Gly

Gln

Ile

Lys

240

255

270

285

300

315

Asp
330

Leu Met

Pro Asn

Lys Asp

Arg

Arg

Gly

Phe

Gly

Thr

Ile

Ser

Pro

Val

Ala

Gln

Thr

Leu

Leu

Arg

Thr

Asp

Ile

Leu

Cys

Phe

Ala

Glu

Pro

Arg

Leu

Ser

320

335

350

365

380

395

Ala Thr

410

Glu Trp

Leu Arg

Leu Pro

Thr

val

Leu

Ala

Ser

Cys

Trp

Gly

Gln

Pro

Glu

Lys

Tyr

His

Lys

Cys

Tyzr

Gly

Leu

Phe

Leu

Leu

Met

Asp

Thr

400

415

430

445

Pro

Phe

Ser

Leu

Pro

Arg

Gly

Met

Ser

Leu
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Pro Gly Pro Ser Asp Thr Pro Ile Leu Pro Gln Ser Ser Ser Ser Lys

465 470

Ala Pro Pro Pro Ser Leu Pro Ser
485

475

Pro
490

480

Ser Arg Leu Pro Gly Pro Ser

495

Asp Thr Pro Ile Leu Pro Gln Ser Ser Ser Ser Lys Ala Pro Pro Pro

500

Ser Leu Pro Ser Pro Ser Arg Leu Pro

515 520

Leu Pro Gln Gly
530

<210> 28

<211> 1775

<212> DNA

<213> Artificial Sequence

<220>
<223> CTP-modified Factor VII

<400> 28

ctegaggaca tggtetdoca ggecectoagyg
tgectggety cagtettogt aacccaggag
cgegecaacqg cgttcecctgga ggagetgegg
gagcagtget cocttcogagga ggococgggag
ttetggattt cttacagtga tggggaccag
teectgeaagg accagetoca gtactatate
aactgtgaga cgcacaagga tgaccagetg
cagtactgea gtgaccacac gggeaccaag
ctgetyggeag acggggtgte ctgeacacce
attctagaaa aaagaaatge cagcaaaccc
cccaaagyggyg agtgtcecatyg gcaggtoctyg
gggaccctga tcaacaccat ctgggtggtc
aactggagga acctgatdge ggtgctgggc
gageagages ggegggtgge goaggtoato
aaccacgaca togogetget cogectgeac
aeectotgee tgeccgaacg gacgttetet
ttggtcageg getggggaca getgatggac
cteaacgtge cocggetgat gacoccaggac

tcecgécaaata tcacggagta catgttetgt

tgcaagguygyg acagtggagg cocacatgee
ggeatcgtga gotggggeca gggctgogec
gtgtcecagt acatcgagtg getgeagaaa
ctgetgagag coccettoce cageageage
cetagoagac tgectgggee ctetgacace
gctccaccac cttcoctgec tageccttca
ctgeceocagt cctecageag caaggectoce
cectggeceat occgataccce aattttgeet
agtotgeocet ctcocaagcag actcoctgge
totageteta aageotacace toccageoctg

gatacoaeca tottgeococa gtgatgagga

505

ctectotgee
gaagcccacy
cogggetcee
atcttcaagg
tgtgecteaa
tgettetgee
atetgtotga
cgetectgte
acagttgaat
caaggccgaa
ttgttgogtga
tecgeggeaa
gagcacgacc
ateccccagea
cagcecegtgg
gagaggacge
cgtggcgeca
tgeootgeage

goecggetact

acccactaca
accgtgggeco
ctgatgagaa
tocaaggooe
cetateetge
agactgccag
ccacctagee
cagagcagct
ceottecagaca
cccagoecta

tocge

510

525

ttetgettgy
gegteetgea
tggagaggga
acgeggagag
gtecatgeca
tecectgoott
acgagaacgy
ggtgccacga
atcecatgtyg
ttgtgggggy
atggagctca
actgtttoga
tcagcgageca
cgtacgtece
tectcactga
tggecttegt
cggaoctgga
agtcacggaa

cggatggcag

ggggeacgty
acttocggogt
gcgagceecag
ctececctag
ctcagtecag
gocectagega
tgecttetee
etagcaagga
ctocaatect

gtagacteee

Gly Pro Ser Asp Thr Pro Ile

gotteaggge
ceggegecgyg
gtgcaaggay
gacgaagctg
gaatggggge
cgagggccgg
cggetgtgag
ggyggtactct
aaaaatacet
caaggtgtge
gttgtgtggg
caaaatcaag
dgacggggat
gggoaccaca
ccatgtggty
gegettetea
goteatggte
ggtgggagac

caaggactec

gtacctgace
gtacaccagg
acceggegtyg
coetgoacage
ctectctaag
tacaccaatt
atcaaggetyg
acctocecee
ccecacagteo

cggaccttct

60
120
180
240
300
360
420
480

540

660
720

780

sS00
260
1020
1080

1140

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

1775
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<210> 29
<211> 589
<212> PRT

<213> Artificial Sequence

<220>

<223> CTP-modified Factor VII

<400> 29

Leu Glu Asp
1

Gly Leu Gln

His Gly Val

Leu Arg Pro
50

FPhe Glu Glu
65

Phe Trp Ile

Gln Asn Gly

Cys Leu Pro

115

Gln Leu Ile
130

Asp His Thr
145

Leu Leu Ala

Gly Lys Ile

135

Val Leu Leu
210

Asn Thr Ile
225

Asn Trp Arg

His Asp Gly

Ser Thr Tyr
275

Leu His Gln
290

Pro Glu Arg
305

Met

Gly

20

Leu

Gly

Ala

Ser

Gly

100

Ala

Cys

Gly

Asp

Pro

180

Gly

Leu

Trp

Asn

Asp

260

Val

Pro

Thr

val

Cys

His

Ser

Arg

Tyr

85

Ser

Phe

Val

Thr

Gly

185

Ile

Gly

val

val

Leu

245

Glu

Pro

val

Phe

Ser

Lieu

Gln

Ala

Ala Leu Arg Leu Leu Cys

Ala

Arg Arg Arg

Leu

Glu

70

Ser

Cys

Glu

Asn

Lys

150

Val

Leu

Lys

Asn

Val

230

Ile

Gln

Gly

Val

Ser
310

Glu

55

Ile

ASp

Lys

Gly

Glu

135

Arg

Ser

Glu

val

Gly

215

Ser

Ala

Ser

Thr

Leu

295

Glu

Arg

Phe

Gly

Asp

Arg

120

Asn

Ser

Cys

Lys

Cys

200

Ala

Ala

val

Arg

Thr

280

Thr

Arg

Vval
25

Arg

Glu

Lys

Asp

Gln

105

Asn

Gly

Cys

Thr

Arg

185

Pro

Gln

Ala

Leu

Arg

265

Asn

Asp

Thr

10

Phe Val Thr Gln

Ala Asn Ala Phe

Cys Lys Glu Glu
60

Asp Ala Glu Arg
75

Gln Cys Ala Ser
90

Leu Gln Ser Tyr

Cys Glu Thr His

125

Gly Cys Glu Gln
140

Arg Cys His Glu
155

Pro Thr Val Glu
170

Asn Ala Ser Lys

Lys Gly Glu Cys
205

Leu Cys Gly Gly
229

His Cys Phe Asp
235

Gly Glu His Asp
250

Val Ala Gln Val

His Asp Ile Ala
285

His Val Val Pro
300

Leu Ala Phe Val
315

Leu

Glu

30

Leu

Gln

Thr

Ser

Ile

110

Lys

Tyr

Gly

Tyx

Pro

190

Pro

The

Lys

Leu

Ile

270

Leu

Leu

Arg

Leu

15

Glu

Glu

Cys

Lys

Pro

95

Cys

Asp

Cys

Tyr

Pro

175

Gln

Trp

Leu

Ile

Ser

255

Ile

Leu

Cys

Phe

Leu

Ala

Glu

Ser

Leu

80

Cys

Phe

Asp

Ser

Ser

180

Cys

Gly

Gln

Ile

Lys

240

Glu

Pro

Arg

Leu

Ser
320
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Leu Val

Blu Leu

Gln Gln

Phe Cys
370

Ser Gly
385

Gly Ile

Val Tyr

Arg Ser

Ser Ser
450

Pro Gly
465

Ala Pro

Asp Thr

Ser Leu

Leu Pro

530

Pro Ser
545

Ser Ser

Pro Gly

Ser

Met

Ser
355

Ala

Gly

val

Thr

Glu

435

Ser

Pro

Pro

Pro

Pro

515

Gln

arg

Ser

Pra

<210> 30

<211> 1673
<212> DNA
<213> Artificial Sequence

<220>

<223> CTP-modified Factor IX

<400> 30

tetagagtcg
atecaccatet
gaaaacgcca
tttgttcaag
cgagaagttt
gatcagtgtg

tatgaatgtt

Gly

Val

340

Arg

Gly

Pro

Ser

420

Pro

Lys

Ser

Pro

Ile

500

Ser

Ser

Leu

Lys

Ser
580

Trp
325

Leu

Lys

Tyr

His

Trp

405

val

Arg

Ala

Asp

Ser

485

Leu

Pro

Ser

Pro

Ala

565

Asp

accoccgccat
gecttttagyg
acadaattet
ggaaccttga
ttgaaaacac
agtccaatce

ggtgtccett

Gly

Asn

val

Ser

Ala

390

Gly

Ser

Pro

Pro

Thr

470

Leu

Pro

Ser

Ser

Gly

550

Pro

Thr

Gln

val

Gly

Asp

375

Thr

Gln

Gln

Gly

Pro

455

Pro

Pro

Gln

Arg

Ser

535

Pro

Pro

Pro

Leu Leu

Prc Arg

Asp,
360

Gly

His

Gly

Tyr

Val

440

Pro

Ile

Ser

Ser

Leu

520

Lys

Ser

Pro

Ile

geagegegtyg
atatctacte
gaatecggeca
gagagaatgt
tgaaagaaca
atgtttaaat

tggatttgaa

345

Asp Arg Gly Ala Thr Ala Leu
0

335

Leu Met Thr Gln Asp Cys Leu

Ser Pro Asn Ile Thr Glu Tyr Met

Ser Lys

Tyr Arg

Cys Ala
410

Tle Glu
425

Leu Leu

Ser Leu

Leu Pro

Pro Ser
490

Ser Ser
505

Pro Gly

Bla Pro

Asp Thr

Ser Leu

570

Leu Pro
585

Asp

Gly

395

Thr

Trp

Arg

Pro

Gln

475

Arg

Ser

Pro

Pro

Pro

555

Pro

Gln

aacatgatca

agtgctgaat

aagaggtata

atggaagaaa

actgaatttt

ggeggeagtt

ggaaagaact

365

Ser Cys Lys Gly Asp
380

Thr Trp Tyr Leu Thr
400

Val Gly His Phe Gly
415

Leu Gln Lys Leu Met
430

Ala Pro Phe Pro Ser
445

Ser Pro Ser Arg Leu
460

Ser Ser Ser Ser Lys
480

Leu Pro Gly Pro Ser
495

Lys Ala Pro Pro Pro
510

Ser Asp Thr Pro Ile
525

Pro Ser Leu Pro Ser
540

Ile Leu Pro Gln Ser
560

Ser Pro Ser Arg Leu
575

Gly Ser

tggcagaate accaggcecta
gtacagtttt tettgateat
datteaggtaa attggaagag
agtgtagttt tgaagaagca
ggaageagta tgttgatgga
gcaaggatga cattaattce

gtgaattaga tgtaacatgt

60

120

180

240

300

420
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aacattaaga atggcagatg cgagcagttt
tgetectgta ¢tgagyggata tegacttgea
ccatttocat gtggaagagt ttctgtttea
gtttttectg atgtggacta tgtaaattet
actcaaagca cocaatcatt taatgacttce
ccaggtcaat tcecttggeca ggttgttitg
tectatcgtta atgaaaaatg gattgtaact
attacagttg tcgcaggtga acataatatt
aatgtgatte gaattattee tcaccacaac
gacattgeee ttetggaact ggacgaacce
tgecattgetg acaaggaata cacgaacatc
ggctggggaa gagbcttcca caaagggaga
coacttgttg accgagecac atgtettega
ttetgtgetg gettecatga aggaggtaga
catgttactg aagtggaagg gaccagtttc
tgtgcaatga aaggcaaata tggaatatat
aaggaaaaaa caaagctcac tagctacage
ccaagoagge tgoctgggece. cagtgacacce
gocccaceee ctagectgee ttoteottet
otgeeccagt cetecageag taaggotecco

ccaggeoectt ctgatacace catcctecca

<210> 31

<211> 545

<212> PRT

<213> Artificial Sequence

<220>
<223> CTP-modified Factor IX

<400> 31
Met Gln Arg Val Asn Met Ile
1 5

Ile Cys Leu Leu Gly Tyr Leu
20

Asp His Glu Asn Ala Asn Lys
35

Ser Gly Lys Leu Glu Glu Phe

Met Glu Glu Lys Cys Ser Phe
65 70

Thr Glu Arg Thr Thr Glu Phe
85

Cys Glu Ser Asn Pro Cys Leu
100

Asn Ser Tyr Glu Cys Trp Cvs
115

Glu Leu Asp Val Thr Cys Asn
130 135

Cys Lys Asn Ser Ala Asp Asn
145 150

Met:

Leu

Ile

Val

Glu

TEp

Asn

Pro

120

Ile

Lys

tgtaaaaata gtgcotgataa

gaaaaccaga

caaacttcta

actgaagetg

actcgagttyg

aatggtdaag

getgeecact

gaggagacag

tacaatgcag

ttagtgeotaa

ttectcaaat

tcagctttag

tectacaaagt

gattcatgte

ttaactggaa

accaaggtat

agcaaggeac

cctatccotge

cggetgecty

cctecatcte

cagtgatgag

Ala

Ser

25

Leu

Gln

Glu

Lys

Gly

105

Phe

Lys

val

Glu

10

Ala

Asn

Gly

Ala

Gln

90

Gly

Gly

Asn

val

Ser

Glu

Arg

Asn

Arg

75

Tyr

Ser

Phe

Gly

Cys
155

agtectgtga
agctecacceg
aaaccatttt
ttggtggaga
ttgatgcatt
gtgttgaaac
aacatacaga
ctattaataa
acagctacgt
ttggatetgyg
ttcttcagta
tcaccatcta
aaggagatag
ttattagctg
aceggtatgt
cteocacagag
ctecagtecag
gccoccagoga
tgecateocce

gatccgegge

caaggtggtt
accagcagtyg
tgctgaggea
ggataacate
agatgcacaaa
ctgtggagge
tggtgttaaa
gcaaaagcga
gtacaaccat
tacacctatt
ctatgtaagt
ccttagagtt
taacaacatg
tgggggacce
gggtgaagag
caactggatt
catgacctea
ctecagoaag
tactccaatt
cagcagactg

cge

Pr¢o Gly Leu Ile Thr

Cys Thr val
30

15

Phe Leu

Pro Lys Arg Tyr Asn

45

Leu Glu Arg Glu Cys

60

Glu Val Phe Glu Asn

80

Val Asp Gly Asp Gln

95

Cys Lys Asp Asp Ile

110

Glu Gly Lys
125

Asn Cys

Arg Cys Glu Gln Phe

140

Ser Cys Thr Glu Gly

160

480

540

600

660

720

780

840

260

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1673
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Tyr

Pro

Glu

Thr

Thr

225

Gln

val

val

Tyr

305

Leu

Ala

val

Leu

Ser

385

Glu

Thr

Glu

Ser
465

Pro

Fro

Pro

Arg

Cys

Ala

Ile

210

Arg

Val

Asn

Lys

Thr

290

Asn

Asp

Asp

Ser

Gln

370

Thr

Gly

Glu

Glu

Tyr

450

Lys

Ser

Pro

Ile

Leu

Gly

val

195

Leu

Val

Vval

Glu

Ile

275

Glu

Ala

Glu

Lys

Gly

355

Tyr

Lys

Gly

Val

Cys

435

val

Ala

Asp

Ser

Leu
515

Ala

Arg

180

Phe

Asp

val

Leu

Lys

260

Thr

Gln

Ala

Pro

Glu

340

Trp

Leu

Phe

Arg

Glu

420

Ala

Asn

Pro

Thr

Leu
500

Pro

Glu

165

Val

Pro

Asn

Gly

Asn
245

Trp

Val

Lys

Ile

Leu

325

Tyxr

Gly

Arg

Thr

Asp

405

Gly

Met

Trp

Pro

Pro
485

Pro

Gln

Asn

Ser

Asp

Ile

Gly

230

Gly

Ile

Val

Arg

Asn

310

Val

Thr

val

Ile

390

Ser

Thr

Lys

Ile

Pro
470

Ile

Ser

Ser

Gln

val

val

Thr

215

Glu

Lys

Val

Ala

Asn

295

Lys

Leu

Asn

val

Pro

375

Tyr

Cys

Ser

Gly

Lys

455

Ser

Leu

Pro

Ser

Lys

Ser

Asp

200

Gln

Asp

Vval

Thr

Gly

280

Val

Tyr

Asn

Ile

Phe

360

Leu

Asn

Gln

Phe

Lys

440

Glu

Leu

Pro

Ser

Ser
520

Ser

Gln

185

Tyr

Ser

Ala

Asp

Ala

265

Glu

Ile

Asn

Ser

Phe

345

val

Asn

Gly

Leu

425

Tyr

Lys

Pro

Gln

Arg
5045

Ser

Cys Glu
170

Thr Ser

Val Asn

Thr Gln

Lys Pro

235

Ala Phe
250

Ala His

His Asn

Arg Ile

His Asp

315

Tyr Val
330

Leu Lys

Lys Gly

Asp Arg

Met Phe

395

Asp Ser

410

Thr Gly

Gly Ile

Thr Lys

Sar Pro
475

Pro

Lys

Ser

Ser

220

Gly

Cys

Cys

Ile

Ile

300

Ile

Thr

Phe

Ala

380

Cys

Gly

Ile

Tyr

Leu

460

Ser

Ala

Leu

Thr

205

Fhe

Gln

Gly

val

Glu

285

Pro

Ala

Pro

Gly

Ser

365

Thr

Ala

Gly

Ile

Thr

445

Thr

Arg

val

Thr

190

Glu

Asn

Phe

Gly

Glu

270

Glu

His

Leu

Ile

Ser

350

Ala

Cys

Gly

Pro

Ser

430

Lys

Ser

Leu

Pro

Fhe

175

Arg Ala

Ala Glu

Asp Phe

Pro

Ser

255

Thr

Thr

His

Leu

Cys

335

Gly

Leu

Leu

Phe

His

415

Trp

val

Ser

Pro

Trp

240

Ile

Gly

Glu

Asn

Glu

320

Ile

Tyr

val

Arg

His

400

Val

Gly

Ser

Ser

Gly
480

Ser Ser Ser Ser Lys Ala Pro

490

495

Leu Pro Gly Pre¢ Ser Asp Thr

510

Lys Ala Pro Pro Pro Ser Leu

525
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Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro Ile Leu Pro

530 535

Gln

545

<210> 32

<211> 1757

<212> DNA

<213> Artificial Sequence

<220>
<223> CTP-modified Factor IX

<400> 32

tetagagteg acccagecat geagoegoegtg
atcaccatct gccttttagg atatctactc
gaaaaggcca acaaaattct gaatceggeca
tttgtteaag ggaaccttga gagagaatgt
cgagaagttt ttgaaaacac tgaaagaaca
gatcagtgtyg agtccaatce atgtttaaat
tatgaatgtt ggtgtocctt tggatttgaa
aacattaaga atggcagatg cgagceagttt
tgctecctgta ctgagggata tcgacttgea
ccatttcecat gtggaagagt ttctgttica
gtttttectg atgtggacta tgtaaattet
actcaaagca cecaatcatt taatgactte
cecaggtcaat tcecttggea ggttgtttty
tctatcgtta atgaaaaatg gattgtaact
attacagttg tcegeaggtga acataatatt
aatgtgattc gaattattce teaccacaac

gacattgoce ttebggaact ggacgaaceo

tgcattgetyg acaaggaata cacgaacatc
ggctggggaa gagtctteca caaagggaga
cecacttgttyg accgagccac atgtcttega
ttetgtgetyg gettecatga aggaggtaga
catgttactg aagtggaagg gaccagttte
tgtgcaatga aaggcaaata tggaatatat
aaggaaaaaa caaagctcac tagctccage
ccaagcagge tgcdctgggoo ctctgacacc
geocdacecae cttcecctgee tageccottea
ctgocccagt cctacageag caaggctcoec
cctggceecat cdgatacdoce aattttgeoct

agtetgecet cteocaageoag actecctgge

tgaggatcceg cggeage

<210> 33

<211> 583

<212> PRT

<213> Artificial Sequence

<220>
<223> CTP-modified Factor IX

aacatgatca
agtgctgaat
aagaggtata
atggaagaaa
actgaatttt
ggcggeagtt
ggaaagaact
tgtasdaaata
gaaaaccaga
caaacttcta
actgaagctg
actegagttg
aatggtaaag
gctgeoccact
gaggagacag
tacaatgeag

ttagtgctaa

ttecateaaat
tcagetttag
tctacaaagt
gattcatgte
ttaactggaa
accaaggtat
agcaaggece
cetatcctge
agactgocag
ccacctageg
cagagcagct

cettecagaca

540

tggcagaate
gtacagtttt
attcaggtaa
agtgtagttt
ggaagcagta
gcaaggatga
gtgaattaga
gtgetgataa
agtcctgtga
agctcacecog
aaaccatttt
ttggtggaga
ttgatgeatt
gtgttgaaac
aacatacaga
ctattaataa

acagctacgt

ttggatetgg
ttettecagta
tcaccatcta
aaggagatag
ttattagetg
cocggtatgt
ctceacecgag
ctcagtccag
geectagega
tgecttetoe
ctagcaaggae

ctceeoattet

accaggeete
tettgatcat
attggaagag
tgaagaagca
tgttgatgga
cattaattcc
tgtaacatgt
caaggtggtt
accagcagtg
tgctgaggca
ggataacatc
agatgccaaa
ctgtggagye
tggtgttaaa
goadaagaga
gtacaaccat

tacacctatt

ctatgtaagt
ccttagagtt
taacaacatg
tgggggaccee
gggtgaagag
caactggatt
catgececteo
ctectctaag
tacadcaatt
atcaaggctg
adetcaceoca

gocacagtga

60
120
180
240

300

420
480
540
€00
€60
720
780
840

200

1020

1080
11490
1200
1260
1320
1380
1440
1500
15860
1620
1680
17490

1757

DK/EP 2822576 T3



<400> 33
Ser Arg val

1

Ser

Glu

Arg

Asn

65

Arg

Tyr

Phe

Gly

145

Cys

Glu

Asn

Gln

225

Pro

Phe

Ile

305

Asp

val

Lys

Gly

Pro

cys

Pro

50

Leu

Glu

val

Cys

Glu

130

Arg

Ser

Pro

Lys

Ser

2190

Ser

Gly

Cys

Cys

Ile

230

Ile

Ile

Thr

Phe

Arg

Gly

Thr

Lys

Glu

Val

Asp

Lys

115

Gly

Cys

Cys

Ala

Leu

185

Thr

Phe

Gln

Gly

val

275

Glu

Pro

Ala

Pro

Gly

355

Ser

Asp

Leu

20

Val

Arg

Arg

Phe

Gly
100

Asp

Lys

Glu

Thr

val

180

Thr

Glu

Asn

Phe

Gly

260

Glu

Glu

His

Leu

Ile

340

Ser

Ala

Phe

Tyr

Glu

Glu

85

Asp

Asp

Asn

Gln

Glu

165

Pro

Arg

Ala

Asp

Pro

245

Ser

Thr

Thr

His

Leu

325

Cys

Gly

Leu

Ala Met Gln

Thr Ile Cys

Leu Asp His
40

Asn Ser Gly
55

Cys Met Glu
70

Asn Thr Glu

Gln Cys Glu

Ile Asn Ser
1290

Cys Glu Leu
135

Phe Cys Lys
150

Gly Tyr Arg

Phe Pro Cys

Ala Glu Ala
200

Glu Thr Ile
215

Phe Thr Aryg
230

Trp Gln Val

Ile Val Asn

Gly Val Lys
280

Glu His Thr
295

Asn Tyr Asn
310

Glu Leu Asp

Ile Ala Asp

Tyr Val Ser

360

Val Leu Gln Tyr Leu Arg Val Pro Leu Val Asp

Arg

Leu

25

Glu

Lys

Glu

Arg

Ser
105

Tyr

Asp

Asn

Leu

Gly

185

Val

Leu

val

Val

Glu

265

Ile

Glu

Ala

Glu

Lys

345

Gly

Val

10

Len

Asn

Leu

Lys

Thr

90

Asn

Glu

Val

Ser

Ala

170

Arg

PLe

Asp

val

Leu

250

Lys

Thr

Gln

Ala

Pro

330

Glu

Trp

Asn

Gly

Ala

Glu

Cys

15

Thr

Pro

Cys

Thr

Ala

155

Glu

val

Pro

Asn

Gly

235

Asn

Trp.

Val

Lys

Ile

315

Leu

Tyr

Gly

60

Ser

Cys

Trp

Cys

140

Asp

Asn

Ser

Asp

Ile

229

Gly

Gly

Ile

Val

Arg

300

Asn

Val

Thr

Arg

Met

Iyr

Asn

Glu

Glu

Ile

45

Leu

Cys

125

Asn

Asn

Gln

val

val

205

Thr

Glu

Lys

Val

Ala

285

Asn

Lys

Leu

Asn

val

Leu

LyS

Phe

Bhe

Phe

30

Met Ala Glu

15

Leu Ser Ala

Ile Leu Asn

Val Gln Gly

Glu Glu Ala

80

Trp Lys Gln

95

Asn Gly Gly

110

Pro

Ile

Lys

Lys

Ser

130

Asp

Gln

Asp

val

Thr

270

Gly

Val

Tyr

Asn

Ile

350

Phe

365

Phe Gly

Lys Asn

val val
160

Ser Cys
175

Gln Thr

Tyr Val

Ser Thr

Ala Lys
249

Agp Ala
255

Ala Ala

Glu His

Ile Arg

Asn His

320

Ser Tyr
335

Phe Leu

His Lys
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370 375
Arg Ala Thr Cys Leu Arg Ser Thr Lys Phe Thr
385 390 395
Phe Cys Ala Gly Phe His Glu Gly Gly Arg Asp
405 410
Ser Gly Gly Pro His Val Thr Glu Val Glu Gly
420 425
Gly Ile Ile Ser Trp Gly Glu Glu Cys Ala Met
435 440
Ile Tyr Thr Lys Val Ser Arg Tyr Val Asn Trp
450 455
Lys Leu Thr Ser Ser Ser Ser Lys Ala Pro Pro
465 470 475
Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro
485 490
Ser Ser Ser Lys Ala Pro Pro Pro Séer Leu Pro
500 505
Pro Gly Pro Ser Asp Thr Pro Ile Leu Pro Gln
515 520
Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg
530 535
Asp Thr Pro Ile Leu Pro Gln Ber Ser Ser Ser
545 550 555
Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro
565 570
Leu Pro Gln Gly Ser Ala Ala
580
<210> 34
<211> 1840
<212> DNA
<213> Artificial Sequence
<220>
<223> CTP-modified Factor I1X
<400> 34
ctagagtcga ccocegecatyg cagegagtga acatgatcat
toaccatctg coettttagga tatctactca gtgctgaatyg
aaaacgcocaa caaaattctg aatcggcecad agaggtataa
ttgtteaagyg gaaccttgag agagaatgta tggaagaaaa
gagaagtttt tgaaaacact gaaagaacaa ctgaattttg
atcagtgtga gtcecaatcca tgtttaaatg geggeagttg
atgaatgttg gtgtceettt ggatttgaag gaaagaactyg
acattaagaa tggcagatge gagcagtttt gtaaaaatag
getcetgtac tgagggatat cgacttgoag aasaccagaa
catttccatg tggaagagtt tctgtttcac aaacttctaa
tttttectga tgtggactat gtaaatteta ctgaagetga
cteaaageac ccaatcattt aatgacttca ctegagttgt
caggtcaatt cccttggeag gttgttttga atggtaaagt
ctatcattaa tgaaaaatog attotaacta ctacccacta

380

Ile Tyr Asn Asn Met

400

Ser Cys Gln Gly Asp

Thr Ser Phe
430

Lys Gly Lys
445

415

Leu Thr

Tyr Gly

Ile Lys Glu Lys Thr

460

Pro Ser Leu Pro Ser

Ile Léu Prd

480

Gln Ser
495

Ser Pro Ser Arg Leu

510

Ser Ser Ser Ser Lys

525

Leu Pro Gly Pro Ser

540

Lys Ala Pro

Pro Pro
560

Ser Asp Thr Pro Ile

ggcagaatca
tacagttttt
ttcaggtaaa
gtgtagtttt
gaagcagtat
caaggatgac
tgaattagat
tgctgataac
gtcctgtgaa
geteoaceogt
aaceattttg
tggtggagaa
tgatgecatte

tottagaaact

575

ctaggectea
cttgateatg
ttggaagagt
gaagaagcac
gttgatggag
attaattect
gtaacatgta
aaggtggttt
cecagcagtge
getgaggeoayg
gataacatca
gatgccaaac
tgtggaggct

aqatattaaaa

60

120

240
300
360
420
480
540
600
660
720

780
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ttacagttgt

atgtgatteg

acattgeoect

geattgetga

gctggggaag

cacttgttga

totgtgetgg

atgttactga

gtgeaatgaa

aggaaaaaac

caagcagget

ctecoaccacc

tgceccagte

ctggeceata

gtetgeecte

ctagctctaa

atacceccgat

<210> 35

<211>610
<212> PRT
<213> Artificial Sequence

<220>

dgcaggtgaa
aattattcet
tetggaactyg
caaggaatac
agtettecac
cocgagecaca
cttecatgaa
agtggaagyg
aggcaaatat
aaagctcact
gcectgggeac
ttecoctgect
ctccageoage
cgatacocoa

tocaageaga

agetecacet

cttgcceccag

<223> CTP-modified Factor IX

<400> 35

Arg Val
1

Pro Gly

Cys Thr

Pro Lys
50

Leu Glu
65

Glu Val

val Asp

Cys Lys

Glu Gly

130

Arg Cys
145

Ser Cys

Pro Ala

Asp

Leu

Val

35

Arg

Arg

Phe

Gly

Asp

115

Lys

Glu

Thr

val

Pro

Ile

20

Phe

Tyr

Glu

Glu

Asp

100

Asp

Asn

Gln

Glu

Pro

Thr

Leu

Asn

Cys

Asn

85

Gln

Ile

Cys

Phe

Gly

185

Phea

Met.

Ile

Asp

Ser

Met

70

Thr

Cys

Asn

Glu

Cys

150

Tyr

Pro

Gln

Cys

His

Gly

Glu

Glu

Glu

Ser

Leu

135

Lys

Arg

Cus

Arg

Leu

Glu

40

Lys

Glu

Arg

Ser

Tyr

120

Asp

Asn

Leu

Gl

cataatattg
caccacaact
gacgaacoot
acgaacatct
aaagggagat
tgtcttegat
ggaggtagag
accagtttet
ggaatatata
agctccagea
tctgagaccc
agcccttcaa
aaggctococo
attttgocte

ctoectgges

cgcagectgo

tgatgaggat

aggagacaga

acaatgcage

tagtgctaaa

toctcaaatt

cagetttagt

ctacaaagtt

attaatgtea

taactggaat

ccaaggtate

gcaaggecce

ctatactgee

gactgccagyg

cacctagect

agagragoete

cttcagacac

ceodgecctag

cecgeggeege

Val

Leu

25

Asn

Leu

Lys

Thr

Asn

105

Glu

Val

Ser

Ala

Arer

Asn

10

Gly

Ala

Glu

Cys

Thr

90

Pro

Cys

Thr

Ala

Glu

170

val

Met

Tyr

Asn

Glu

Ser

15

Glu

Cys

Trp

Cys

ASp

155

Asn

Sar

acatacagag
tattaataag
cagotacgtt
tggatetgge
teottcagtac
caccatctat
aggagatagt
tattagectgg
ccggtatgte
tcccecgage
tcagtcecage
cectagegat
gcocetteteca
tagcaaggea

tecaatecte

tagactecce

Ile Met Ala

Leu Leu Ser
30

Lys Ile Leu
45

Phe Val Gln

Phe Glu Glu

Phe Trp Lys

Leu Asn Gly
110

Cys Pro Phe
125

Asn Ile Lys

140

Asn Lys Val

Gln Lys Ser

Val Ser @[ln

caaaagcgaa
tacaacecatg
acacctattt
tatgtaagty
cttagagtte
aacaacatgt
gggggaceca
ggtgaagagt
aactggatta
ctgecctece
tectctaagg
acaccaattce
tcaaggetge
cetccooeea

ccacagtcet

ggaccttetg

Glu Ser

Ala Glu

Asn Arg

Gly Asn

Ala Arg
80

Gln Tyr
95

Gly Ser

Gly Phe

Asn Gly

Val Cys
160

Cys Glu
175

Thr Sar

960
1020
1080
1140
1200
1260
1320
1380
14490
1500
1560
1620
1680

1740

1800

1840
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Lys

Ser

Ser

225

Gly

Cys

Cys

Ile

Ile

305

Ile

Thr

Phe

Ala

385

Cys

Gly

Ile

Tyr

Leu

465

Ser

Ser

Gly

Pro

Thr

545

Leu

Leu

Thr

210

Phe

Gln

Gly

val

Glu

290

Pro

Alz

Pro

Gly

Ser

370

Thr

Ala

Gly

Ile

Thr

450

Thr

Arg

Ser

Pro

Pro

530

Pro

Pro

Thr

195

Glu

Asn

Phe

Gly

Glu

275

Glu

His

Leu

Ile

Ser

355

Ala

Cys

Gly

Pro

Ser
435

Lys

Ser

Leu

Lys

Ser

515

Pro

Ile

Ser

180

Arg

Ala

Asp

Pro

Ser

260

Thr

Thr

His

Leu

Cys

340

Gly

Leu

Leu

Phe

His

420

Trp

val

Ser

Pro

Ala

500

Asp

Ser

Leu

Pro

masm e g g aemng

Ala Glu

Glu Thr

Phe Thr
230

Trp Gln
245

Ile val

Gly val

Glu His

Asn Tyr
310

Glu Leu
325

Ile Ala

Tyr Val

val Leu

Arg Ser

390

His &lu
405

Val Thr

Gly Glu

Ser Arg Tyr Val Asn Trp Ile

Ser Ser
470

Gly Pro
485

Pro Pro

Thr Pro

Leu Pro

Pro Gln

550

Ser Arg
565

Ala

Tle

215

Arg

Val

Asn

Lys

Thr

285

Asn

Asp

Asp

Ser

Gln

375

Thr

Gly

Glu

Glu

455

Lys

Ser

Pro

Ile

Ser

535

Ser

Leu

val

200

Leu

Vval

val

Glu

Ile

280

Glu

Ala

Glu

Lys

Gly

360

Tyr

Lys

Gly

Val

Cys
440

Ala

Asp

Ser

Leu

520

Pro

Ser

Pro

185

Phe

Asp

Val

Leu

Lys

265

Thr

Gln

Ala

Pro

Glu

345

Trp

Leu

Phe

Arg

Glu

425

Ala

Pro

Thr

Leu

Pro

Asn

Gly

Asn
250

Trp

Val

Lys

Ile

Leu

330

Tyzx

Gly

Arg

Thr

Asp

410

Gly

Met

Pro

Pro

Asp

Ile

Gly

235

Gly

Ile

val

Asn

315

Val

Thr

Arg

val

Ile

385

Ser

Thr

Lys

Pro

val

Thr

220

Glu

Lys

val

Ala

Asn

300

Lys

Leu

Asn

val

Pro

380

Tyr

Cys

Ser

Gly

190

Asp Tyr Val Asn

205

Gln

Asp

val

Thr

Gly

285

val

Tyr

Asn

Ile

Phe

365

Leu

Asn

Gln

Phe

Lys
445

Lys Glu

460

475

490

505

Pro

Ser

Ser

Gly

Gln

Pro

Arg

Ser

Pro

Ile

Ser

Ser:

Leu

Lys

Ser

Leu

Pro

Ser

Pro

Leu

Pro

Ser

Ser

Ser

Ala

Asp

Ala

270

Glu

Ile

Azn

Ser

Phe

350

His

Val

Asn

Gly

Leu

430

Tyr

Thr Gln

Lys Pro
240

Ala Phe
255

Ala His

His Asn

Arg Ile

His Asp
320

Tyr Val
335

Lew Lys

Lys Gly

Asp Arg

Met Phe

400

Asp Ser
415

Thr Gly

Gly Ile

Lys Thr Lys

Pro Ser Pro

480

Gln Ser Ser

495

Arg Leu Pro

510

525

540

555

570

Ser

Ala

Asp

Gly

Pro

Thr

Ser Lys Ala

Pro Ser Asp

Pro Pro Ser

560

Pro Ile Leu

575
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Pro Gln Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro
580 585 590

Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro Ile Leu Pro Gln Gly Ser
595 600 605

Ala Ala
610

<210> 36

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer 101 for FIX-(CTP)2

<400> 36
gtttagtgaa ccgtcagaat 20

<210> 37

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer 103-R for FIX-(CTP)2

<400> 37
ttgaggaaga tgttcgtgta 20

<210> 38

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer 98 for FIX-(CTP)2

<400> 38
attacagttg tcgcaggtga 20

<210> 39

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer 99-Rfor FIX-(CTP)2

<400> 39
gctggagcta gtgagctttg ttttttectt 30

<210> 40

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer 100 for FIX-(CTP)2

<400> 40
gctcactage tccagcagcea aggcec 25
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<210> 41

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer 27-R for FIX-(CTP)2

<400> 41
ttttcactgc attctagttg tgg 23

<210> 42

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer 75

<400> 42
ctceeagtte aattacagcet 20

<210> 43

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer 122r

<400> 43
ggaaaaactg cctcagcacg ggtgage

<210> 44

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer 123

<400> 44
gtgctgaggce agtttttect gatgtggact at

<210> 45

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer 124r

<400> 45
caacacagtg ggcagcag 18
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Patentkrav

1. Choriongonadotropin carboxy-terminal peptid (CTP)-modificeret
koagulationsfaktor bestdende af en koagulationsfaktor og tre CTP’er forbundet
med carboxy-terminalen af koagulationsfaktoren, hvor den CTP-modificerede
koagulationsfaktor er:

et CTP-modificeret Faktor IX (FIX) polypeptid bestaende af
aminosyresekvensen af SEQ ID NO: 31 eller af aminosyrerne 47-545 af
SEQ ID NO: 31;

et CTP-modificeret Faktor VII (FVII) polypeptid bestdende af
aminosyresekvensen af SEQ ID NO: 25 eller af aminosyrerne 39-528 af
SEQ ID NO: 25; eller

en CTP-modificeret aktiveret Factor VIla (FVIIa) bestdende af

aminosyresekvensen af aminosyrerne 39-528 of SEQ ID NO: 25.

2. CTP-modificeret koagulationsfaktor ifglge krav 1, hvor mindst et CTP er
glykosyleret.

3. CTP-modificeret koagulationsfaktor ifglge krav 1 eller 2, hvor den CTP-
modificerede koagulationsfaktor er et CTP-modificeret FIX-polypeptid bestdende af
aminosyresekvensen af SEQ ID NO: 31 eller af aminosyrerne 47-545 af SEQ ID
NO: 31.

4. CTP-modificeret koagulationsfaktor ifglge krav 1 eller 2, hvor den CTP-
modificerede koagulationsfaktor er et CTP-modificeret FVII-polypeptid bestaende
af aminosyresekvensen af SEQ ID NO: 25 eller af aminosyrer 39-528 af SEQ ID
NO: 25, eller hvor den CTP-modificerede koagulationsfaktor er en CTP-modificeret
FVIIa bestdende af aminosyresekvensen af aminosyrerne 39-528 af SEQ ID NO:
25.

5. Polynukleotid der koder for den CTP-modificerede koagulationsfaktor ifglge et
hvilket som helst af kravene 1-4.
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6. Polynukleotid ifglge krav 5, hvor nukleinsyresekvensen af polynukleotidet er
som angivet i SEQ ID NO: 30.

7. Polynukleotid ifglge krav 5, hvor nukleinsyresekvensen af polynukleotidet er
som angivet i SEQ ID NO: 24.

8. Farmaceutisk sammensaetning omfattende en CTP-modificeret
koagulationsfaktor ifglge et hvilket som helst af kravene 1-4, eller et polynukleotid
ifglge et hvilket som helst af kravene 5-7, og en farmaceutisk acceptabel baerer.

9. CTP-modificeret koagulationsfaktor ifglge et hvilket som helst af kravene 1-4,
eller en farmaceutisk sammenszetning ifglge krav 8, til anvendelse som et

medikament.

10. CTP-modificeret koagulationsfaktor ifglge et hvilket som helst af kravene 1-4,
eller en farmaceutisk sammenseetning ifglge krav 8, til anvendelse til at forebygge

eller behandle en blodkoagulation eller en koagulationslidelse i et individ.

11. CTP-modificeret koagulationsfaktor eller den farmaceutiske sammensaetning
til anvendelse ifglge krav 10, hvor blodkoagulationen eller koagulationslidelsen er

haamofili.

12. CTP-modificeret koagulationsfaktor eller den farmaceutiske sammensaetning
til anvendelse til at forebygge eller behandle en blodkoagulation eller
koagulationslidelse i et individ ifglge krav 10 eller 11 ved subkutan administration.

13. CTP-modificeret koagulationsfaktor eller den farmaceutiske sammensaetning
til anvendelse ifglge et hvilket som helst af kravene 10-12, hvor individet er et

barn.

14. Fremgangsmade til at forlaenge den biologiske halveringstid af en
koagulationsfaktor, hvilken fremgangsmade omfatter trinnet at forbinde tre
choriongonadotropin carboxy-terminal peptider (CTP’er) til carboxy-terminalen af
et FIX-polypeptid, eller omfatter trinnet at forbinde tre choriongonadotropin
carboxy-terminal peptider (CTP’er) til carboxy-terminalen af et FVII- eller FVIIa-
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polypeptid, for derved at fremstille en CTP-modificeret koagulationsfaktor som
defineret ifglge et hvilket som helst af kravene 1-4, hvor koagulationsfaktoren har

en forlaenget biologisk halveringstid.

15. Fremgangsmade til at forbedre arealet under kurven (AUC) af en
koagulationsfaktor, hvilken fremgangsmade omfatter trinnet at forbinde tre
choriongonadotropin carboxy-terminal peptider (CTP’er) til carboxy-terminalen af
et FIX-polypeptid, eller omfatter trinnet at forbinde tre choriongonadotrophin
carboxy-terminal peptider (CTP’er) til carboxy-terminalen af et FVII- eller FVIIa-
polypeptid, for derved at fremstille en CTP-modificeret koagulationsfaktor som
defineret ifglge et hvilket som helst af kravene 1-4, hvor koagulationsfaktoren har

et forbedret areal under kurven (AUC).

16. Fremgangsmade til at reducere doseringsfrekvensen af en koagulationsfaktor,
hvilken fremgangsmade omfatter trinnet at forbinde tre choriongonadotropin
carboxy-terminal peptider (CTP’er) til carboxy-terminalen af et FIX-polypeptid,
eller omfatter trinnet at forbinde tre choriongonadotropin carboxy-terminal
peptider (CTP’er) til carboxy-terminalen af et FVII- eller FVIIa-polypeptid, for
derved at fremstille en CTP-modificeret koagulationsfaktor som defineret i et
hvilket som helst af kravene 1-4, hvor koagulationsfaktoren har en reduceret

doseringsfrekvens.

17. Fremgangsmade til at reducere udskillelseshastigheden af en
koagulationsfaktor, hvilken fremgangsmade omfatter trinnet at forbinde tre
choriongonadotropin carboxy-terminal peptider (CTP’er) til carboxy-terminalen af
et FIX-polypeptid, eller omfatter trinnet at forbinde tre choriongonadotropin
carboxy-terminal peptider (CTP’er) til carboxy-terminalen af et FVII- eller FVIIa-
polypeptid, for derved at fremstille en CTP-modificeret koagulationsfaktor som
defineret i et hvilket som helst af kravene 1-4, hvor koagulationsfaktoren har en

reduceret clearance-hastighed.

18. Fremgangsmade til at fremstille den CTP-modificerede koagulationsfaktor
ifglge et hvilket som helst af kravene 1-4, hvilken fremgangsmade omfatter
trinnet at forbinde tre choriongonadotropin carboxy-terminal peptider (CTP’er) til
carboxy-terminalen af et FIX-polypeptid, eller omfatter trinnet at forbinde tre
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choriongonadotropin carboxy-terminal peptider (CTP’er) til carboxy-terminalen af
et FVII- eller et FVIIa polypeptid, for derved at fremstille den CTP-modificerede
koagulationsfaktor.
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