
(19) United States 
US 2011 0046060A1 

(12) Patent Application Publication (10) Pub. No.: US 2011/0046060 A1 
Schellenberger et al. (43) Pub. Date: Feb. 24, 2011 

(54) COAGULATION FACTOR IX COMPOSITIONS 
AND METHODS OF MAKING AND USING 
SAME 

(75) Inventors: Volker Schellenberger, Palo Alto, 
CA (US); Joshua Silverman, 
Sunnyvale, CA (US); Willem 
Stemmer, Los Gatos, CA (US); 
Chia-wei Wang, Milpitas, CA 
(US); Benjamin Spink, San Carlos, 
CA (US); Nathan Geething, Santa 
Clara, CA (US); Wayne To, 
Fremont, CA (US) 

Correspondence Address: 
Amunix, Inc. / WSGR 
650 Page Mill Road 
Palo Alto, CA 94304 (US) 

(73) Assignee: Amunix Operating, Inc., 
Mountain View, CA (US) 

(21) Appl. No.: 12/806,004 

A (1N?. : Gla' EGF1 (EGF2'ss Protease 
n. 
s 

(Gia (EGF1 (EGF2ss Protease 
as 
e 

Gla (EGF1 (EGF2ss Protease 

D >\ . 
: Gla GF1 (EGF2-ss- Protease 

fl. 

Gla EGF1 (EGF2-ss Protease 

? - 
Gla EGF1:EGF2-ss Protease 

Gla EGF1/EGF2ss Protease 

: Gla EGF1 (EGF2-ss 

(22) Filed: Aug. 2, 2010 
Related U.S. Application Data 

(60) Provisional application No. 61/236,493, filed on Aug. 
24, 2009, provisional application No. 61/236,836, 
filed on Aug. 25, 2009, provisional application No. 
61/280,955, filed on Nov. 10, 2009, provisional appli 
cation No. 61/280,956, filed on Nov. 10, 2009. 

Publication Classification 

(51) Int. Cl. 
A638/36 (2006.01) 
C07K I4/745 (2006.01) 
A6IP 7/04 (2006.01) 

(52) U.S. Cl. ........................................ 514/13.7:530/381 
(57) ABSTRACT 

The present invention relates to compositions comprising 
factor IX coagulation factors linked to extended recombinant 
polypeptide (XTEN), isolated nucleic acids encoding the 
compositions and vectors and host cells containing the same, 
and methods of making and using Such compositions in treat 
ment of coagulation factor-related diseases, disorders, and 
conditions. 
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CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the priority benefit of U.S. 
Provisional Application Ser. Nos. 61/236,493 filed Aug. 24. 
2009, 61/236,836, filed Aug. 25, 2009, 61/280,955, filed Nov. 
10, 2009, 61/280,956 filed Nov. 10, 2009, and U.S. applica 
tion Ser. No. 12/699,761 filed Feb. 3, 2010, all of which, and 
co-pending application underattorney docket number 32808 
719.201 filed herewith, are incorporated herein by reference 
in their entirety for all purposes. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

0002 This invention was made with government support 
under SBIR grant 2R44GM079873-02 awarded by the 
National Institutes of Health. The government has certain 
rights in the invention. 

SEQUENCE LISTING 
0003. The instant application contains a Sequence Listing 
which has been submitted in ASCII format via EFS-Web and 
is hereby incorporated by reference in its entirety. Said ASCII 
copy, created on Oct. 8, 2010, is named 32887262.txt, and is 
1,578,514 bytes in size. 

BACKGROUND OF THE INVENTION 

0004. In hemophilia, the clotting of blood is disturbed by 
a lack of certain plasma blood clotting factors. Human factor 
IX (FIX) is a Zymogenofa serine protease that is an important 
component of the intrinsic pathway of the blood coagulation 
cascade. In individuals who do not have FIX deficiency, the 
average half-life of FIX is short, approximately 18-24 hours. 
A deficiency of functional FIX, due to an X-linked disorder 
that occurs in about one in 30,000 males, results in hemo 
philia B, also known as Christmas disease, named after a 
young boy named Stephen Christmas who was found to be 
lacking this factor. Over 100 mutations of factor IX have been 
described; some cause no symptoms, but many lead to a 
significant bleeding disorder. When untreated, hemophilia B 
is associated with uncontrolled bleeding into muscles, joints, 
and body cavities following injury, and may result in death. 
Previously, treatments for the disease included administration 
of FIX prepared from human plasma derived from donor 
pools, which carried attendant risks of infection with blood 
borne viruses including human immunodeficiency virus 
(HIV) and hepatitis C virus (HCV). More recently, recombi 
nant FIX products have become commercially available. 
0005. The in vivo activity of exogenously supplied factor 
IX is limited both by protein half-life and inhibitors of coagul 
lation, including antithrombin III. Factor IX compositions 
typically have short half-lives, requiring frequent injections. 
Also, current FIX-based therapeutics requires intravenous 
administration due to poor bioavailability. Thus, there is a 
need for improved factor IX compositions with extended 
half-life and retention of activity when administered as part of 
a preventive and/or therapeutic regimen for hemophilia, 
including hemophilia B. 
0006 Factor VII is a coagulation factor protein synthe 
sized in the liver and secreted into the blood as a single chain 
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Zymogen with a molecular weight of approximately 50 kDa. 
The FVII Zymogen is converted into an activated form 
(FVIIa) by proteolytic cleavage, and the activated form, when 
complexed with tissue factor (TF), is able to convert both 
factor IX and factor X into their activated forms, leading to 
rapid thrombin generation and fibrin formation. Because the 
circulating half-life of rEVIIa is about 2.3 hours ("Summary 
Basis for Approval for NovoSevenC, FDA reference num 
ber 96-0597), multiple and frequent administrations are 
required for the treatment of bleeding disorders in hemophili 
acs and subjects with factor VII deficiency. 
0007 Chemical modifications to a therapeutic protein can 
reduce its in vivo clearance rate and Subsequent increase 
serum half-life. One example of a common modification is 
the addition of a polyethylene glycol (PEG) moiety, typically 
coupled to the protein via an aldehyde or N-hydroxysuccin 
imide (NHS) group on the PEG reacting with an amine group 
(e.g. lysine side chain or the N-terminus). However, the con 
jugation step can result in the formation of heterogeneous 
product mixtures that need to be separated, leading to signifi 
cant product loss and complexity of manufacturing and does 
not result in a completely chemically-uniform product. Also, 
the pharmacologic function of the therapetuics protein may 
be hampered if amino acid side chains in the vicinity of its 
binding site are modified by the PEGylation process. Fusing 
an Fc domainto the therapeutic protein is another approach to 
increases the size of the therapeutic protein, hence reducing 
the rate of clearance through the kidney. Additionally, the Fc 
domain confers the ability to bind to, and be recycled from 
lysosomes by, the FcRn receptor, which results in increased 
pharmacokinetic half-life. Unfortunately, the Fc domain does 
not fold efficiently during recombinant expression, and tends 
to form insoluble precipitates known as inclusion bodies. 
These inclusion bodies must be solubilized and functional 
protein must be renatured from the misfolded aggregate. Such 
process is time-consuming, inefficient, and expensive. 
Accordingly, there remains a need for improved coagulation 
factor compositions with increased half-life which can be 
administered less frequently, and/or be produced by a simpler 
process at a cheaper cost. 

SUMMARY OF THE INVENTION 

0008. The present invention is directed to compositions 
and methods for the treatment or improvement of a condition 
or the enhancement of aparameter associated with the admin 
istration of coagulations factors IX and/or VII. In particular, 
the present invention provides compositions of fusion pro 
teins comprising one or more extended recombinant polypep 
tides (XTEN). A subject XTEN is typically a non-repetitive 
sequence and unstructured conformation. XTEN is linked to 
a coagulation factor (“CF) selected from factor IX (“FIX'), 
factor VII (“FVII), factor VII-factor IX hybrids, and 
sequence variants thereof, resulting in a coagulation factor 
XTEN fusion protein (“CFXTEN”). In part, the present dis 
closure is directed to pharmaceutical compositions compris 
ing the fusion proteins and the uses thereof for treating 
coagulation factor-related diseases, disorders or conditions. 
The CFXTEN compositions have enhanced pharmacokinetic 
properties compared to CF not linked to XTEN, which may 
permit more convenient dosing and improved efficacy. In 
some embodiments, the CFXTEN compositions of the inven 
tion do not have a component selected the group consisting 
of polyethylene glycol (PEG), albumin, antibody, and an 
antibody fragment. 
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0009. In some embodiments, the invention provides an 
isolated factor IX fusion protein, comprising a factor IX 
sequence that is at least about 90%, or about 95%, or about 
96%, or about 97%, or about 98%, or about 99% identical to 
an amino acid sequence selected from Table 1. The factor IX 
having Such sequence idendity is further linked to an 
extended recombinant polypeptide (XTEN) having at least 
about 100 to about 3000 amino acid residues. In one embodi 
ment, the XTEN is linked to the C-terminus of the FIX or the 
FVII CF. In some embodiments, the invention provides an 
isolated factor VII fusion protein, comprising a factor VIIthat 
is at least about 90%, or about 95%, or about 96%, or about 
97%, or about 98%, or about 99% identical to an amino acid 
sequence selected from Table 2. The factor VII having such 
sequence is linked to an extended recombinant polypeptide 
(XTEN). 
0010 Non-limiting examples of CFXTEN with a single 
FIX or a single FVII linked to a single XTEN are presented in 
Table 41. In one embodiment, the invention provides a CFX 
TEN composition has at least about 80% sequence identity 
compared to a CFXTEN from Table 41, alternatively at least 
about 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 
about 100% sequence identity as compared to a CFXTEN 
from Table 41. In some embodiments, the CF and the XTEN 
components of the fusion protein are linked via a cleavage 
sequence that is cleavable by a protease, including endog 
enous mammalian proteases. Examples of Such protease 
include, but are not limited to, FXIa, FXIIa, kallikrein, FVIIa, 
FIXa, FXa, thrombin, elastase-2, granzyme B. MMP-12, 
MMP-13, MMP-17 or MMP-20, TEV, enterokinase, rhinovi 
rus 3C protease, and Sortase A, or a sequence selected from 
Table 7. In one embodiment, a CFXTEN composition with a 
cleavage sequence has a sequence having at least about 80% 
sequence identity compared to a CFXTEN from Table 42, 
alternatively at least about 81%, 82%, 83%, 84%, 85%,86%, 
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 
97%, 98%, 99%, or about 100% sequence identity as com 
pared to a CFXTEN from Table 42. However, the invention 
also provides substitution of any of the CF sequences of Table 
1 or Table 2 for a CF in a sequence of Table 42, and substi 
tution of any XTEN sequence of Table 4 for an XTEN in a 
sequence of Table 42, and Substitution of any cleavage 
sequence of Table 7 for a cleavage sequence in a sequence of 
Table 42. In CFXTEN embodiments having cleavage 
sequences, cleavage of the cleavage sequence by the protease 
releases the XTEN from the CF. In some embodiments of the 
foregoing, the CF component becomes biologically active or 
has an increase in activity upon its release from the XTEN by 
cleavage of the cleavage sequence, wherein the pro-coagulant 
activity is at least about 30%, or at least about 40%, or at least 
about 50%, or at least about 60%, or at least about 70%, or at 
least about 80%, or at least about 90% compared to the 
corresponding FIX or FVII not linked to XTEN. 
0011. The invention provides isolated CFXTEN fusion 
proteins that comprise a second XTEN of about 36 to about 
3000 amino acid residues, which can be identical or can be 
different from the first XTEN, wherein the second XTEN can 
be incorporated between any two adjacent domains of the CF, 
i.e., between the Gla, EFG1, EGF2, activating peptide and 
protease domains, or is incorporated within the sequence of 
an existing loop domain of a domain sequence of the CF, as 
described more fully in the Examples. In one embodiment, 
the first and the second XTEN can be an amino acid sequence 
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selected from any one of Tables 4, or 9-13, or can exhibit at 
least at least about 80%, or at least about 90%, or at least about 
91%, or at least about 92%, or at least about 93%, or at least 
about 94%, or at least about 95%, or at least about 96%, or at 
least about 97%, or at least about 98%, or at least about 99% 
sequence identity compared to a sequence selected from 
Tables 4 and 9-13. In another embodiment, the isolated fusion 
protein comprises a second XTEN of about 36 to about 3000 
amino acid residues. The fusion protein can adopt a multiple 
XTEN configuration of Table 6, or a variation thereof. 
(0012. The invention provides CFXTEN compositions 
comprising XTEN linked to a factor VII comprising one or 
more heterologous cleavage sequences cleavable by the same 
or different pro-coagulant proteases. In some embodiments of 
the foregoing, the factor VII comprises a heterologous 
sequence of factor XI incorporated into or substituted for 
portions of the FVII sequence, resulting in factor VII-factor 
IX hybrid sequence variants. In some embodiments, a portion 
or the entirety of the sequence from the activation peptide 
domain of FIX is incorporated or substituted for FVII 
sequences bridging the region between the EFG2 and pro 
tease domains of the FVII component, resulting in composi 
tions that can be activated as part of the intrinsic system of the 
coagulation cascade (e.g., activated factor XI). In such case, 
the factor VII-factor IX CFXTEN composition can be acti 
vated by a pro-coagulant protease in the absence of tissue 
factor, such that the CFXTEN can serve as a by-pass of factors 
VIII and IX in the intrinsic coagulation pathway when such 
factors are deficient (e.g., in hemophilia A or B) or when 
inhibitors to these factors are present. In one embodiment, the 
FVII-FIX sequence variant incorporates the full-length FIX 
AP domain plus at least about 2, or at least about 3, or at least 
about 4, or at least about 5, or at least about 6, or at least about 
7, or at least about 8, or at least about 9, or at least about 10, 
or at least about 11, or at least about 12 or moreamino acids 
flanking adjacent amino acid residues on one or both sides of 
the R145-A146 and R180-V181 cleavage sites of the FIX AP 
domain (e.g., the sequence RVSVSQTSKLTRAETVFPD 
VDYVNSTEAETILDNITQSTQSFNDFTRVVGGE (SEQ 
ID NO: 1) in the case of 12 flanking amino acids on the 
N-terminus side and 5 flanking amino acids on the C-termi 
nus side). 
0013. In another embodiment, the CFXTEN FVII-FIX 
sequence variant comprises a heterologous FIX sequence 
exhibiting at least at least about 80%, or at least about 90%, or 
at least about 91%, or at least about 92%, or at least about 
93%, or at least about 94%, or at least about 95%, or at least 
about 96%, or at least about 97%, or at least about 98%, or 
100% identity compared to the sequence: KLTRAETVFPD 
VDYVNSTEAETILDNITQSTQSFNDFTRV (SEQ ID NO: 
2), when optimally aligned. 
(0014. In other embodiments, the CFXTEN comprises 
FVII-FIX sequence variants that incorporate a portion of the 
FIX AP that includes a sequence of at least about 2, or at least 
about 3, or at least about 4, or at least about 5, or more amino 
acids that flank one or both sides of the R145-A146 cleavage 
site (e.g., the sequence TSKLTRAETVFP (SEQID NO:3) in 
the case of 6 flanking amino acids on either side of the cleav 
age site) or a sequence of at least about 2, or at least about 3. 
or at least about 4, or at least about 5 or more amino acids that 
flank one or both sides of the R180-V181 cleavage site (e.g., 
the sequence and DFTRV (SEQ ID NO: 4) in the case of 4 
amino acids on the N-terminal flank and valine as the C-ter 
minus of the cleavage site from FIX). In one embodiment of 
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the foregoing, the CFXTEN FVII-FIX sequence variant com 
prises a heterologous FIX sequence exhibiting at least at least 
about 80%, or at least about 90%, or at least about 91%, or at 
least about 92%, or at least about 93%, or at least about 94%, 
or at least about 95%, or at least about 96%, or at least about 
97%, or at least about 98%, or 100% identity compared to a 
sequence selected from TSKLTRAETVFP (SEQID NO:3) 
and FNDFTRV (SEQID NO: 5), when optimally aligned. 
0015. In another embodiment, the CFXTEN comprises a 
FVII-FIX sequence variant disclosed above that further 
includes the same AP cleavage sequence as a linker between 
the C-terminus of the FVII component and the XTEN com 
ponent of the fusion protein, e.g., an N- to C-terminus con 
figuration of FVII variant-AP sequence-XTEN, thereby per 
mitting the release of the FVII variant component from the 
CFXTEN fusion protein when cleaved by the same pro-co 
agulant protease as per that of the FVII to FVIIa transition. In 
one embodiment, the FVII-FIX CFXTEN of any of the fore 
going embodiments includes the factor XI cleavage sequence 
KLTRAET (SEQID NO: 6) as the linker between the FVII 
FIX sequence and the XTEN, thereby permitting the release 
of the FVII variant component from the CFXTEN fusion 
protein by the initiation of the intrinsic coagulation cascade. 
In one embodiment, the invention provides a CFXTEN with 
a FVII-FIX hybrid sequence that exhibits at least about 80%, 
or at least about 85%, or at least about 90%, or at least about 
95%, or at least about 96%, or at least about 97%, or at least 
about 98%, or at least about 99%, sequence identity com 
pared to a sequence from Table 43. In other embodiments, the 
invention provides a FVII-FIX sequence variant with incor 
porated FIX-derived AP cleavage sequence that is not linked 
to an XTEN. In one embodiment, the FVII-FIX sequence 
without an XTEN exhibits at least about 80%, or at least about 
85%, or at least about 90%, or at least about 95%, or at least 
about 96%, or at least about 97%, or at least about 98%, or at 
least about 99% sequence identity as compared with a 
sequence from Table 43 without an XTEN. 
0016. In one embodiment of the CFXTEN composition, 
the invention provides a fusion protein of formula I: 

(XTEN)-CF-CXTEN), I 

wherein independently for each occurrence, CF is a coagula 
tion factor; x is either 0 or 1 and y is either 0 or 1 wherein 
x+y21; and XTEN is an extended recombinant polypeptide. 
0017. In another embodiment of the CFXTEN composi 
tion, the invention provides a fusion protein of formula II: 

(XTEN)-(CF)-(S)-(XTEN), II 

wherein independently for each occurrence, CF is a coagula 
tion factora; S is a spacer sequence having between 1 to about 
50 amino acid residues that can optionally include a cleavage 
sequence; x is either 0 or 1 and y is either 0 or 1 wherein 
x+y>1; and XTEN is an extended recombinant polypeptide. 
0018. In another embodiment of the CFXTEN composi 
tion, the invention provides an isolated fusion protein, 
wherein the fusion protein is of formula III: 

(XTEN)-(S)-(CF)-(S)-(XTEN), III 

wherein independently for each occurrence, CF is a coagula 
tion factor, S is a spacer sequence having between 1 to about 
50 amino acid residues that can optionally include a cleavage 
sequence; x is either 0 or 1 and y is either 0 or 1 wherein 
x+y21; and XTEN is an extended recombinant polypeptide. 

Feb. 24, 2011 

(0019. In another embodiment of the CFXTEN composi 
tion, the invention provides an isolated fusion protein of for 
mula IV: 

wherein independently for each occurrence, Gla is a Gla 
domain of FIX; EGF1 is an EGF1 domain of FIX; EGF2 is an 
EFG2 domain of FIX: AP is an activator peptide of FIX: PRO 
is a protease domain of FIX; S is a spacer sequence having 
between 1 to about 50 amino acid residues that can optionally 
include a cleavage sequence; u is either 0 or 1; V is either 0 or 
1; x is either 0 or 1; y is either 0 or 1; Z is either 0 or 1 with the 
proviso that u+V+w--X+Z21; and XTEN is an extended 
recombinant polypeptide. 
(0020. In another embodiment of the CFXTEN composi 
tion, the invention provides an isolated fusion protein of for 
mula V: 

wherein independently for each occurrence, Gla is a Gla 
domain of FIX; EGF1 is an EGF1 domain of FIX; EGF2 is an 
EFG2 domain of FIX: AP1 is the N-terminal sequence por 
tion of the activator peptide domain of FIX that includes a first 
native cleavage sequence of the AP domain; AP2 is the C-ter 
minal sequence portion of the activator peptide domain of 
FIX that includes a second native cleavage sequence of the AP 
domain: PRO is a protease domain of FIX; S is a spacer 
sequence having between 1 to about 50 amino acid residues 
that can optionally include a cleavage sequence; u is either 0 
or 1; V is either 0 or 1; x is either 0 or 1; y is either 0 or 1; Z is 
either 0 or 1 with the proviso that u+V+w-X+Z21; and XTEN 
is an extended recombinant polypeptide. 
(0021. In another embodiment of the CFXTEN composi 
tion, the invention provides an isolated fusion protein of for 
mula VI: 

(Gla)-(XTEN)-(EGF1)-(XTEN)-(EGF2)-(XTEN)- 
(Pro)-(S)-(XTEN), VI 

wherein independently for each occurrence, Gla is a Gla 
domain of FVII: EGF1 is an EGF1 domain of FVII: EGF2 is 
an EFG2 domain of FVII: PRO is a protease domain of FVII: 
S is a spacer sequence having between 1 to about 50 amino 
acid residues that can optionally include a cleavage sequence; 
u is either 0 or 1; V is either 0 or 1; x is either 0 or 1; y is either 
0 or 1 with the proviso that u+V+w-y21; and XTEN is an 
extended recombinant polypeptide. 
(0022. In another embodiment of the CFXTEN composi 
tion, the invention provides an isolated fusion protein of for 
mula VII: 

(Gla)-(XTEN)-(EGF1)-(XTEN)-(EGF2)-(AP1)- 
(XTEN), (AP2)-(Pro)-(S)-(XTEN), VII 

wherein independently for each occurrence, Gla is a Gla 
domain of FVII: EGF1 is an EGF1 domain of FVII: EGF2 is 
an EFG2 domain of FVII: PRO is a protease domain of FVII: 
AP1 is the N-terminal sequence portion of the activator pep 
tide domain of FIX that includes the native cleavage 
sequence; AP2 is the C-terminal sequence portion of the 
activator peptide domain of FIX that includes the native 
cleavage sequence; S is a spacer sequence having between 1 
to about 50 amino acid residues that can optionally include a 
cleavage sequence; t is either 0 or 1; u is either 0 or 1; V is 
either 0 or 1; x is either 0 or 1; y is either 0 or 1; Z is either 0 
or 1 with the proviso that t+u+w--Z21; and XTEN is an 
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extended recombinant polypeptide. In the embodiment, the 
CFXTEN composition can include the entirety of the FIX 
activator peptide domain sequence or one or both cleavage 
sequences from the activator peptide domain of factor IX, 
e.g., a sequence of at least about 3 to about 12 amino acids that 
flank the R145-A146 cleavage site and the sequence of at least 
about 1 to about 5 amino acids that flank the R180-V181 
cleavage site, as described more fully above. The invention 
also contemplates Substitution of any of the other cleavage 
sequences of Table 7 for the AP cleavage sequences. 
0023 The CFXTEN compositions of the embodiments 
described herein can be evaluated for retention of activity 
(including after cleavage of any incorporated XTEN-releas 
ing cleavage sites) using any appropriate in vitro assay dis 
closed herein (e.g., the assays of Table 40 or the assays 
described in the Examples), to determine the suitability of the 
configuration for use as a therapeutic agent in the treatment of 
a coagulation-factor related disease, disorder or condition. In 
one embodiment, the CFXTEN exhibits at least about 60%, or 
at least about 70%, or at least about 80%, or at least about 90% 
of the activity compared to the native CF not linked to XTEN. 
In another embodiment, the CF component released from the 
CFXTEN by enzymatic cleavage of the incorporated cleav 
age sequence linking the CF and XTEN components exhibits 
at least about 60%, or at least about 70%, or at least about 
80%, or at least about 90% of the activity compared to the 
native CF not linked to XTEN. 

0024. The XTEN of the CFXTEN compositions have at 
least about 200, or at least about 400, or at least about 800, or 
at least about 900, or at least about 1000, or at least about 
2000, up to about 3000 amino acids residues. The XTEN of 
the CFXTEN fusion protein compositions is characterized in 
that they have one or more of the following characteristics: (a) 
at least a first XTEN comprises at least about 200 contiguous 
amino acids that exhibits at least about 90%, or about 95%, or 
about 96%, or about 97%, or about 98%, or about 99% iden 
tity to a comparable length of an amino acid sequence 
selected from a sequence shown in Table 4; (b) the XTEN 
sequence lacks a predicted T-cell epitope when analyzed by 
TEPITOPE algorithm, wherein the TEPITOPE algorithm 
prediction for epitopes within the XTEN sequence is based on 
a score of -5, or -6, or -7, or -8, or -9 or greater; (c) the 
XTEN has a subsequence score of less than 10, or less than 9, 
or less than 8, or less than 7, or less than 6, or less than 5, or 
even less; (d) the sum of asparagine and glutamine residues is 
less than 10% of the total amino acid sequence of the XTEN: 
(e) the Sum of methionine and tryptophan residues is less than 
2% of the total amino acid sequence of the XTEN: (f) the 
XTEN has greater than 90% random coil formation, or about 
95%, or about 96%, or about 97%, or about 98%, or about 
99% random coil formation as determined by GOR algo 
rithm; (g) the XTEN sequence has less than 2% alpha helices 
and 2% beta-sheets as determined by the Chou-Fasman algo 
rithm; and (h) the Sum of glycine (G), alanine (A), serine (S), 
threonine (T), glutamate (E) and proline (P) residues consti 
tutes more than about 90%, or about 95%, or about 96%, or 
about 97%, or about 98%, or about 99% of the total amino 
acid residues of the XTEN. 

0025. In another embodiment, the invention provides 
CFXTEN fusion proteins, wherein the XTEN is character 
ized in that the sum of asparagine and glutamine residues is 
less than 10% of the total amino acid sequence of the XTEN, 
the sum of methionine and tryptophan residues is less than 2% 
of the total amino acid sequence of the XTEN, the XTEN 
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sequence has less than 5% amino acid residues with a positive 
charge, the XTEN sequence has greater than 90% random 
coil formation, or about 95%, or about 96%, or about 97%, or 
about 98%, or about 99% random coil formation as deter 
mined by GOR algorithm; and the XTEN sequence has less 
than 2% alpha helices and 2% beta-sheets as determined by 
the Chou-Fasman algorithm. In some embodiments, no one 
type of amino acid constitutes more than 30% of the XTEN 
sequence of the CFXTEN. 
0026. In another embodiment, the invention provides 
CFXTEN fusion proteins, wherein the XTEN is character 
ized in that at least about 80%, or at least about 90%, or at least 
about 91%, or at least about 92%, or at least about 93%, or at 
least about 94%, or at least about 95%, or at least about 96%, 
or at least about 97%, or at least about 98%, or at least about 
99% of the XTEN sequence consists of non-overlapping 
sequence motifs wherein each of the sequence motifs has 
about 9 to about 14 amino acid residues and wherein the 
sequence of any two contiguous amino acid residues does not 
occur more than twice in each of the sequence motifs consist 
of four to six types of amino acids selected from glycine (G), 
alanine (A), serine (S), threonine (T), glutamate (E) and pro 
line (P). In one embodiment, the XTEN is characterized in 
that at least about 80%, or at least about 90%, or at least about 
91%, or at least about 92%, or at least about 93%, or at least 
about 94%, or at least about 95%, or at least about 96%, or at 
least about 97%, or at least about 98%, or at least about 99% 
of the XTEN sequence consists of non-overlapping sequence 
motifs wherein the motifs are selected from Table 3. 

0027. In some embodiments, the XTEN has a sequence in 
which no three contiguous amino acids are identical unless 
the amino acid is serine, in which case no more than three 
contiguous amino acids are serine residues. In other embodi 
ment, the XTEN component of the CFXTEN has a subse 
quence score of less than 10, or less than 9, or less than 8, or 
less than 7, or less than 6, or less than 5, or less. In the 
embodiments of this paragraph, the XTEN is characterized as 
“substantially non-repetitive.” 
0028. In some embodiments, the invention provides CFX 
TEN comprising at least a second XTEN, wherein the XTEN 
sequence exhibits at least about 80%, or at least about 90%, or 
at least about 91%, or at least about 92%, or at least about 
93%, or at least about 94%, or at least about 95%, or at least 
about 96%, or at least about 97%, or at least about 98%, or at 
least about 99% sequence identity compared to a sequence 
from Table 4, Table 9, Table 10, Table 11, Table 12, or Table 
13. 

(0029. In some embodiments, CFXTEN fusion proteins 
exhibits enhanced pharmacokinetic properties compared to 
CF not linked to XTEN, wherein the enhanced properties 
include but are not limited to longer terminal half-life, larger 
area under the curve, increased time in which the blood con 
centration remains within the therapeutic window, increased 
time between consecutive doses results in blood concentra 
tions within the therapeutic window, and decreased dose in 
moles over time that can be administered compared to a CF 
not linked to XTEN, yet still result in a blood concentration 
within the therapeutic window for that composition. In some 
embodiments, the terminal half-life of the CFXTEN fusion 
protein administered to a subject is increased at least about 
three-fold, or at least about four-fold, or at least about five 
fold, or at least about six-fold, or at least about eight-fold, or 
at least about ten-fold, or at least about 20-fold, or at least 
about 40-fold, or at least about 60-fold, or at least about 
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100-fold, or even higher as compared to CF not linked to 
XTEN and administered to a subject at a comparable dose. In 
other embodiments, the terminal half-life of the CFXTEN 
fusion protein administered to a subject is at least about 12 h, 
or at least about 24 h, or at least about 48 h, or at least about 
72 h, or at least about 96 h, or at least about 120h, or at least 
about 144 h, or at least about 21 days or greater. In other 
embodiments, the enhanced pharmacokinetic property is 
reflected by the fact that the blood concentrations that remain 
within the therapeutic window for the CFXTEN fusion pro 
tein for a given period are at least about two fold, or at least 
about three-fold, or at least about four-fold, or at least about 
five-fold, or at least about six-fold, or at least about eight-fold, 
or at least about ten-fold longer, or at least about 20-fold, or at 
least about 40-fold, or at least about 60-fold, or at least about 
100-fold compared to CF not linked to XTEN and adminis 
tered to a Subject at a comparable dose. The increase in 
half-life and time spent within the therapeutic window per 
mits less frequent dosing and decreased amounts of the fusion 
protein (in moles equivalent) that are administered to a Sub 
ject, compared to the corresponding CF not linked to XTEN. 
In one embodiment, administration of a CFXTEN to a subject 
using a therapeutically-effective dose regimen results in a 
gain in time of at least two-fold, or at least three-fold, or at 
least four-fold, or at least five-fold, or at least six-fold, or at 
least eight-fold, or at least 10-fold, or at least about 20-fold, or 
at least about 40-fold, or at least about 60-fold, or at least 
about 100-fold or higher between at least two consecutive 
C. peaks and/or C troughs for blood levels of the fusion 
protein compared to the corresponding CF not linked to the 
XTEN and administered using a comparable dose regimen to 
a subject. 
0030. In some embodiments, the XTEN enhances thermo 
stability of CF when linked to the XTEN wherein the ther 
mostability is ascertained by measuring the retention of bio 
logical activity after exposure to a temperature of about 37°C. 
for at least about 7 days of the biologically active protein in 
comparison to the biologically active protein not linked to the 
XTEN. In one embodiment of the foregoing, the retention of 
biological activity increases by at least about 50%, at least 
about 60%, at least about 70%, at least about 80%, at least 
about 90%, at least about 100%, or about 150%, at least about 
200%, at least about 300%, or about 500% longer compared 
to the CF not linked to the XTEN. 

0031. In some embodiments, the isolated CFXTEN fusion 
protein is configures to have reduced binding affinity for a 
clearance receptor as compared to the corresponding CF not 
linked to the XTEN. In one embodiment, the CFXTEN fusion 
protein exhibits binding affinity for a clearance receptor of the 
CF in the range of about 0.01%-30%, or about 0.1% to about 
20%, or about 1% to about 15%, or about 2% to about 10% of 
the binding affinity of the corresponding CF not linked to the 
XTEN. In another embodiment, a CFXTEN fusion protein 
with reduced affinity can have reduced active clearance and a 
corresponding increase in half-life of at least about 3-fold, or 
at least about 5-fold, or at least about 6-fold, or at least about 
7-fold, or at least about 8-fold, or at least about 9-fold, or at 
least about 10-fold, or at least about 12-fold, or at least about 
15-fold, or at least about 17-fold, or at least about 20-fold, or 
at least about 30-fold, or at least about 50-fold, or at least 
about 100-fold longer compared to the corresponding CF that 
is not linked to the XTEN. 

0032. In some embodiments, the invention provides CFX 
TEN fusion proteins wherein the CFXTEN exhibits increased 
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solubility of at least three-fold, or at least about four-fold, or 
at least about five-fold, or at least about six-fold, or at least 
about seven-fold, or at least about eight-fold, or at least about 
nine-fold, or at least about ten-fold, or at least about 15-fold, 
or at least a 20-fold, or at least 40-fold, or at least 60-fold at 
physiologic conditions compared to the CF not linked to 
XTEN. 

0033. In some embodiments, CFXTEN fusion proteins 
exhibit an increased apparent molecular weight as deter 
mined by size exclusion chromatography, compared to the 
actual molecular weight. In some embodiments the CF com 
prising a FIX and at least a first XTEN exhibits an apparent 
molecular weight of at least about 400 kD, or at least about 
500 kD, or at least about 700 kD, or at least about 1000kD, or 
at least about 1400 kD, or at least about 1600 kD, or at least 
about 1800 kD, or at least about 2000 kD, while the actual 
molecular weight of each FIX component of the fusion pro 
tein is about 50 kD and the molecular weight of the fusion 
protein ranges from about 70 to about 125 kDa. In other 
embodiments, the CF comprising a FVII and at least a first 
XTEN exhibits an apparent molecular weight of at least about 
400 kD, or at least about 500 kD, or at least about 700 kD, or 
at least about 1000 kD, or at least about 1400 kD, or at least 
about 1600 kD, or at least about 1800 kD, or at least about 
2000 kD, while the actual molecular weight of each FIX 
component of the fusion protein is about 50 kD and the 
molecular weight of the fusion protein ranges from about 70 
to about 125kDa. Accordingly, the CFXTEN fusion proteins 
can have an apparent molecular weight that is about 6-fold 
greater, or about 8-fold greater, or about 10-fold greater, or 
about 12-fold greater, or about 15-fold greater than the actual 
molecular weight of the fusion protein. In some cases, the 
isolated CFXTEN fusion protein of any of the embodiments 
disclosed herein exhibit an apparent molecular weight factor 
under physiologic conditions that is greater than about 4, or 
about 5, or about 6, or about 7, or about 8, or about 10, or 
greater than about 15. 
0034. In some embodiments, administration of atherapeu 
tically effective dose of a fusion protein of one of formulae 
I-VII to a subject in need thereof can result in again in time of 
at least two-fold, or at least three-fold, or at least four-fold, or 
at least five-fold or more spent within a therapeutic window 
for the fusion protein compared to the corresponding CF not 
linked to the XTEN of and administered at a comparable dose 
to a Subject. In other cases, administration ofatherapeutically 
effective dose of a fusion protein of an embodiment of for 
mulas I-VII to a Subject in need thereof can result in again in 
time between consecutive doses necessary to maintain a 
therapeutically effective dose regimen of at least 48 h, or at 
least 72 h, or at least about 96 h, or at least about 120h, or at 
least about 7 days, or at least about 14 days, or at least about 
21 days between consecutive doses compared to a CF not 
linked to XTEN and administered at a comparable dose. 
0035. The fusion proteins of the disclosed compositions 
can be designed to have different configurations, N- to C-ter 
minus, of a CF and XTEN and optional spacer sequences, 
including but not limited to XTEN-CF, CF-XTEN, XTEN-S- 
CF, CF-S-XTEN, XTEN-CF-XTEN, CF-CF-XTEN, XTEN 
CF-CF, CF-S-CF-XTEN, XTEN-CF-S-CF, and multimers 
thereof. The choice of configuration can, as disclosed herein, 
confer particular pharmacokinetic, physico?chemical, or 
pharmacologic properties including, in the case of an incor 
porated cleavage sequence, the release of the CF with a con 
comitant increase in activity. 
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0036. In some embodiments, the CFXTEN fusion protein 
is characterized in that: (i) it has a longer half-life when 
administered to a subject compared to the corresponding 
coagulation factor not linked to the XTEN administered to a 
Subject under an otherwise equivalent dose; (ii) when a 
Smaller molar amount of the fusion protein is administered to 
a Subject in comparison to the corresponding coagulation 
factor that lacks the XTEN administered to a subject under an 
otherwise equivalent dose regimen, the fusion protein 
achieves a comparable area under the curve (AUC) as the 
corresponding coagulation factor not linked to the XTEN: 
(iii) when a smaller molar amount of the fusion protein is 
administered to a Subject in comparison to the corresponding 
coagulation factor that lacks the XTEN administered to a 
Subject under an otherwise equivalent dose regimen, the 
fusion protein achieves a comparable therapeutic effect as the 
corresponding coagulation factor not linked to the XTEN: 
(iv) when the fusion protein is administered to a subject less 
frequently in comparison to the corresponding coagulation 
factor not linked to the XTEN administered to a subject using 
an otherwise equivalent molar amount, the fusion protein 
achieves a comparable area under the curve (AUC) as the 
corresponding coagulation factor not linked to the XTEN; (v) 
when the fusion protein is administered to a Subject less 
frequently in comparison to the corresponding coagulation 
factor not linked to the XTEN administered to a subject using 
an otherwise equivalent molar amount, the fusion protein 
achieves a comparable therapeutic effect as the correspond 
ing coagulation factor not linked to the XTEN; (vi) when an 
accumulatively smaller molar amount of the fusion protein is 
administered to a Subject in comparison to the corresponding 
coagulation factor not linked to the XTEN administered to a 
Subject under an otherwise equivalent dose period, the fusion 
protein achieves comparable area under the curve (AUC) as 
the corresponding coagulation factor not linked to the XTEN: 
or (vii) when an accumulatively smaller molar amount of the 
fusion protein is administered to a Subject in comparison to 
the corresponding coagulation factor not linked to the XTEN 
administered to a subject under an otherwise equivalent dose 
period, the fusion protein achieves comparable therapeutic 
effect as the corresponding coagulation factor not linked to 
the XTEN. 

0037. The invention provides a method of producing a 
fusion protein comprising a factor VII or factor IX or a factor 
VII-factor IX hybrid coagulation factor fused to one or more 
extended recombinant polypeptides (XTEN), comprising: (a) 
providing host cell comprising a recombinant polynucleotide 
molecule encoding the fusion protein (b) culturing the host 
cell under conditions permitting the expression of the fusion 
protein; and (c) recovering the fusion protein from the cul 
ture. In one embodiment of the method, the coagulation factor 
of the fusion protein has at least 90% sequence identity com 
pared to a sequence selected from Table 1 or Table 2. In 
another embodiment of the method, the one or more XTEN of 
the expressed fusion protein has at least about 90%, or about 
91%, or about 92%, or about 93%, or about 94%, or about 
95%, or about 96%, or about 97%, or about 98%, or about 
99% to about 100% sequence identity compared to a 
sequence selected from Table 4. In another embodiment of the 
method, the host cell is a eukaryotic cell. In another embodi 
ment of the method, the host cell is CHO cell. In another 
embodiment of the method the isolated fusion protein is 
recovered from the host cell cytoplasm in substantially 
soluble form. 
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0038. The invention provides isolated nucleic acids com 
prising a polynucleotide sequence selected from (a) a poly 
nucleotide encoding the fusion protein of any of the foregoing 
embodiments, or (b) the complement of the polynucleotide of 
(a). In one embodiment, the invention provides an isolated 
nucleic acid comprising a polynucleotide sequence that has at 
least 80% sequence identity, or about 85%, or at least about 
90%, or about 91%, or about 92%, or about 93%, or about 
94%, or about 95%, or about 96%, or about 97%, or about 
98%, or about 99% to about 100% sequence identity com 
pared to (a) a polynucleotide sequence of comparable length 
selected from Table 41 and Table 42; or (b) the complement of 
the polynucleotide of (a). The invention provides expression 
vectors comprising the nucleic acid of any of the embodi 
ments hereinabove described in this paragraph. In one 
embodiment, the expression vector of the foregoing further 
comprises a recombinant regulatory sequence operably 
linked to the polynucleotide sequence. In another embodi 
ment, the polynucleotide sequence of the expression vectors 
of the foregoing is fused in frame to a polynucleotide encod 
ing a secretion signal sequence, which can be a CF native 
signal sequence. The invention provides a host cell that com 
prises an expression vector of any of the embodiments here 
inabove described in this paragraph. In one embodiment, the 
host cell is a eukaryotic cell. In another embodiment, the host 
cell is a CHO cell. In another embodiment, the host cell is 
HEK cell. 

0039. In one embodiment, the invention provides pharma 
ceutical compositions comprising the fusion protein of any of 
the foregoing embodiments and a pharmaceutically accept 
able carrier. In another embodiment, the invention provides 
kits, comprising packaging material and at least a first con 
tainer comprising the pharmaceutical composition of the 
foregoing embodiment and a label identifying the pharma 
ceutical composition and storage and handling conditions, 
and a sheet of instructions for the reconstitution and/or 
administration of the pharmaceutical compositions to a Sub 
ject. 
0040. The invention provides a method of treating a 
coagulopathy or a coagulation factor-related disease, disorder 
or condition in a subject, comprising administering to the 
subject a therapeutically effective amount of a CFXTEN 
fusion protein of any of the foregoing embodiments. In one 
embodiment of the method, the coagulation-factor related 
condition is selected from bleeding disorders (e.g., defective 
platelet function, thrombocytopenia or von Willebrand's dis 
ease), coagulopathies (any disorder of blood coagulation, 
including coagulation factor deficiencies), hemophilia B (aka 
Christmas disease), factor IX-related bleeding disorders, fac 
tor VII deficiency, hemophilia A, vascular injury, uncon 
trolled bleeding in subjects not suffering from hemophilia, 
bleeding from trauma or Surgery, bleeding due to anticoagul 
lant therapy, and bleeding due to liver disease. In one embodi 
ment of the method of treatment, the coagulopathy is hemo 
philia A. In one embodiment of the method of treatment, the 
coagulopathy is hemophilia B. In another embodiment of the 
method of treatment, the coagulopathy is factor VII defi 
ciency. In another embodiment of the method of treatment, 
the CFXTEN is administered to a subject to control a bleeding 
episode. In another embodiment of the method of treatment, 
a CFXTEN comprising a factor VII-factor IX sequence 
hybrid is administered to a subject to control a bleeding 
episode, wherein the CFXTEN is activated by a pro-coagul 
lant protease of the intrinsic coaguation cascade (e.g., acti 
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vated factor XI). In another embodiment, the present inven 
tion provides a method of treating a clotting factor deficiency 
in a subject, comprising: administering to said Subject a com 
position comprising a therapeutically effective amount of the 
factor VII provided herein. 
0041. In some embodiments, the composition can be 
administered subcutaneously, intramuscularly, or intrave 
nously. In one embodiment, the composition is administered 
at a therapeutically effective amount, wherein the adminis 
tration results in a gain in time spent within a therapeutic 
window for the fusion protein compared to the corresponding 
CF of the fusion protein not linked to the XTEN and admin 
istered at a comparable dose to a subject. The gain in time 
spent within the therapeutic window can at least three-fold 
longer than the corresponding CF not linked to the XTEN, or 
alternatively, at least four-fold, or five-fold, or six-fold, or 
seven-fold, or eight-fold, or nine-fold, or at least 10-fold, or at 
least 20-fold, or at least about 30-fold, or at least about 
50-fold, or at least about 100-fold longer than the correspond 
ing CF not linked to XTEN. In some embodiments of the 
method of treatment, (i) a smaller molar amount of (e.g. of 
about two-fold less, or about three-fold less, or about four 
fold less, or about five-fold less, or about six-fold less, or 
about eight-fold less, or about 100 fold-less or greater) the 
fusion protein is administered in comparison to the corre 
sponding coagulation factor not linked to the XTEN under an 
otherwise same dose regimen, and the fusion protein achieves 
a comparable area under the curve and/or a comparable thera 
peutic effect as the corresponding coagulation factor not 
linked to the XTEN; (ii) the fusion protein is administered 
less frequently (e.g., every two days, about every seven days, 
about every 14 days, about every 21 days, or about, monthly) 
in comparison to the corresponding coagulation factor not 
linked to the XTEN under an otherwise same dose amount, 
and the fusion protein achieves a comparable area under the 
curve and/or a comparable therapeutic effect as the corre 
sponding coagulation factor not linked to the XTEN; or (iii) 
an accumulative Smaller molar amount (e.g. about 5%, or 
about 10%, or about 20%, or about 40%, or about 50%, or 
about 60%, or about 70%, or about 80%, or about 90% less) 
of the fusion protein is administered in comparison to the 
corresponding coagulation factor thot linked to the XTEN 
under the otherwise same dose regimen the fusion protein 
achieves a comparable area under the curve and/or a compa 
rable therapeutic effect as the corresponding coagulation fac 
tor not linked to the XTEN. The accumulative smaller molar 
amount is measured for a period of at least about one week, or 
about 14 days, or about 21 days, or about one month. In some 
embodiments of the method of treatment, the therapeutic 
effect is a measured parameter selected from blood concen 
trations of coagulation factor, prothrombin (PT) assay, acti 
vated partial prothrombin (aPTT) assay, bleeding time assay, 
whole blood clotting time (WBCT), and thrombelastography. 
0042. In another embodiment, invention provides a 
method of treating a disease, disorder or condition, compris 
ing administering the pharmaceutical composition described 
above to a subject using multiple consecutive doses of the 
pharmaceutical composition administered using a therapeu 
tically effective dose regimen. In one embodiment of the 
foregoing, the therapeutically effective dose regimen can 
result in again in time of at least three-fold, or alternatively, 
at least four-fold, or five-fold, or six-fold, or seven-fold, or 
eight-fold, or nine-fold, or at least 10-fold, or at least 20-fold, 
or at least about 30-fold, or at least about 50-fold, or at least 
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about 100-fold longer time between at least two consecutive 
C. peaks and/or C troughs for blood levels of the fusion 
protein compared to the corresponding CF of the fusion pro 
tein not linked to the fusion protein and administered at a 
comparable dose regimen to a Subject. In another embodi 
ment of the foregoing, the administration of the fusion protein 
results in improvement in at least one measured parameter of 
a coagulation factor-related disease using less frequent dos 
ing or a lower total dosage in moles of the fusion protein of the 
pharmaceutical composition compared to the corresponding 
biologically active protein component(s) not linked to the 
fusion protein and administered to a subject d using a thera 
peutically effective regimen to a Subject. 
0043. The invention further provides use of the composi 
tions comprising the fusion protein of any of the foregoing 
embodiments in the preparation of a medicament for treating 
a disease, disorder or condition in a Subject in need thereof. In 
one embodiment of the foregoing, the disease, disorder or 
condition is selected from group consisting of bleeding dis 
orders, coagulopathies, hemophilia B (aka Christmas dis 
ease), factor IX-related bleeding disorders, factor VII defi 
ciency, vascular injury, bleeding from trauma or Surgery, 
bleeding due to anticoagulant therapy, and liver disease. Any 
of the disclosed embodiments can be practiced alone or in 
combination depending on the interested application. 

INCORPORATION BY REFERENCE 

0044 All publications, patents, and patent applications 
mentioned in this specification are herein incorporated by 
reference to the same extent as if each individual publication, 
patent, or patent application was specifically and individually 
indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0045. The features and advantages of the invention may be 
further explained by reference to the following detailed 
description and accompanying drawings that sets forth illus 
trative embodiments. 
0046 FIG. 1 shows a schematic representation of exem 
plary CFXTEN (FIX-XTEN) fusion proteins. FIG. 1A shows 
the domain architecture of native FIX, with the gamma-car 
boxyglutamate domain, the EGF1 and EGF2 domains, the 
activation peptide, and the protease domain, with a linked 
XTEN at the C-terminus Arrows indicate the cleavage sites 
for the activation peptide domain. FIG. 1B shows a FIX 
molecule with an XTEN polypeptide attached to the C-ter 
minus via a cleavage sequence, and indicates a site for pro 
teolytic cleavage to release the XTEN (arrows indicate the 
cleavage sites for the activation peptide domain and the 
release point for the XTEN). 
0047 FIG. 2 illustrates several examples of CXTEN con 
figurations of FIX-XTEN and associated protease cleavage 
sites. FIG. 2A shows an FIX-XTEN with two proteolytic 
cleavage sites (arrows) within the activation peptide of FIX, 
and a C-terminus XTEN without a cleavage site linkage. FIG. 
2B is similar to the configuration of FIG. 2A, but the C-ter 
minus XTEN is linked via a cleavage sequence, with the 
arrow indicating the release point. FIG. 2C shows three con 
figurations of FIX-XTEN, with theXTEN integrated between 
the various domains of FIX. FIG. 2D shows an FIX-XTEN 
with the XTEN portion inserted into the activation peptide 
between the native cleavage sites, which would release the 
XTEN upon the proteolytic activation of FIX. FIG. 2E illus 
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trates FIX-XTEN that contain multiple XTEN sequences 
inserted between different domains with the addition of a 
releasable XTEN at the C-terminus. FIG. 2F illustrates FIX 
XTEN where the XTEN has been inserted within loop 
domains of FIX. 
0048 FIG. 3 is a schematic of the coagulation cascade, 
showing both the extrinsic and intrinsic pathways. 
0049 FIG. 4 shows several examples of CXTEN configu 
rations of FVII-XTEN. FIG. 4A shows a FVII-XTEN that has 
not been activated. FIG. 4B shows a FVII-XTEN in which the 
peptide has been cleaved, resulting in an activated FVIIa 
XTEN: FIG.4C illustrates a FVII-XTEN composition with a 
cleavage sequence for releasable XTEN in which the FVII 
component has not been activated, containing a cleavage site 
for the activation protease (AP) and a second cleavage site for 
the release protease (RP). FIG. 4D shows a composition of 
activated FVIIa-XTEN containing a cleavage site for the 
release protease. 
0050 FIG. 5 illustrates a strategy for FVII-XTEN design 
approach using internal XTEN. FIGS.5A-D show exemplary 
sites for XTEN insertion between boundaries of the FVII 
domains with inactive FVII on the left and an activated form 
of FVII on the right (A: Insertion of XTEN between Gla and 
EGF1 domain, B: Insertion of XTEN between EGF1 and 
EGF2. C: Insertion of XTEN at C-terminus of activation 
peptide, D: Insertion of XTEN at N-terminus of activation 
peptide). FIG. 5E shows examples of FVII-XTEN in which 
the XTEN is located within external loops within individual 
domains fusion proteins, with inactive FVII on the left and 
FVIIa on the right. The activation peptide in FVII is shown as 
a thin line versus XTEN that is shown as a fat line. 
0051 FIG. 6 illustrates essentially the same constructs as 
FIG. 5, but with an XTEN linked at the C-terminus of each 
COnStruct. 

0.052 FIG. 7 is a schematic that shows some of the various 
locations in which XTEN can be inserted internal to the 
sequences of the coagulation factors FVII or FIX. 
0053 FIG. 8 is a schematic of the key components of the 
clotting system. FIG. 7A: Normal clotting system with the 
intrinsic and extrinsic cascade components. FIG. 7 B illus 
trates a variation in which an inactive/low active form of 
FVII-XTEN (FVII*) is intended to bypass the FIX and FVIII 
components of the intrinsic system when activated endog 
enously after administration. 
0054 FIG. 9 is a graph of the distribution of cell cluster 
size (gray bars) and FVII ELISA titers in ng/ml (black bars) 
by ELISA of clones from primary screening of pBC0014 
CHO-K1 transformants (not all clones were labeled under 
neath the bars due to insufficient space)(see Example 25 for 
experimental details). Clones were sorted according to 
ELISA titer low to high (left to right). 
0055 FIG. 10 is a graph of cell counts (white bars) and 
FVII titers in ng/ml (black bars) of the top pBC0014 clones 
(see Example 25 for experimental details). Clones were 
sorted according to ELISA titer, low to high (left to right). 
0056 FIG. 11 is a graph of the ratio of FVII titer over cell 
count of the top pBC0014 clones (see Example 25 for experi 
mental details). Clones were sorted according to the ratio, low 
to high (left to right). 
0057 FIG. 12 is a Western blot of top pBC0014 clones 
according to ELISA, clotting, ELISA/cell count and clotting/ 
cell count ratios (see Example 25 for experimental details). 
Clone 6G 1 expressed a truncated product and was not evalu 
ated further. 
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0058 FIG. 13 is a Western blot of the top pBC0016 clones 
according to ELISA, clotting, ELISA/cell count and clotting/ 
cell count ratios (see Example 25 for experimental details). 
0059 FIG. 14 is a Western blot of the top pBC0018 clones 
according to ELISA, clotting, ELISA/cell count and clotting/ 
cell count ratios (see Example 25 for experimental details). 
Clone 3 B2 expressed a truncated product and was not evalu 
ated further. 
0060 FIG. 15 shows purification of FVII-AE864 by anti 
GLA affinity chromatography (see Example 26 for experi 
mental details). SDS-PAGE analysis demonstrating the puri 
fication of FVII-AE864 from concentrated supernatant and 
the >90% purity of the EDTA eluted fractions. 
0061 FIG. 16 shows activation of FVII-XTEN fusions to 
FVIIa-XTEN fusions by FXa treatment (see Example 26 for 
experimental details). SDS-PAGE analysis demonstrates the 
appearance of a light chain band under reducing conditions 
after FXa treatment, but not in the untreated sample. Addi 
tionally, there is a downwards shift in the upper band indicat 
ing the loss of the light chain. 
0062 FIG. 17 shows an SDS-PAGE demonstrating auto 
activation of FVII-XTEN fusions to FVIIa-XTEN fusions 
(see Example26 for experimental details). SDS-PAGE analy 
sis demonstrating appearance of a light chain band under 
reducing conditions after FXa treatment and after incubation 
at 4°C. at high concentration with CaCl. Additionally, there 
is a downwards shift in the upper band indicating the loss of 
the light chain. 
0063 FIG. 18 shows SEC Analysis of FVII-AE864 and 
FVII-AE288 (see Example 26 for experimental details). The 
SEC shows a monodispersed population with minimal con 
tamination and no aggregates at the Void Volume of the col 
umn (~22 ml). 
0064 FIG. 19 shows the purification of FVII-AE864 by 
anion exchange chromatography (see Example 26 for experi 
mental details). The chromatograms depict the elution pro 
files of the total protein content and the FVII activity from a 
Macrocap Q column with the bulk of the activity eluting later 
than the contaminant proteins, creating a net 5-fold purifica 
tion. 
0065 FIG. 20 shows purification of FVII-AE864 by 
hydrophobic interaction chromatography (see Example 26 
for experimental details). The chromatograms depict the elu 
tion profiles of the total protein content and the FVII activity 
from a toyopearl phenyl column with the bulk of the activity 
eluting earlier than the contaminant proteins, creating a net 
2-fold purification 
0.066 FIG. 21 shows two chromatography outputs dem 
onstrating removal of aggregated protein from monomeric 
FVII-AE864 with anion exchange chromatography (see 
Example 26 for experimental details). FIG. 21A is a chro 
matogram depicting the elution profile of FVII-XTEN from a 
macrocap Q column with two peaks eluting after the buffer 
related early peak. FIG. 21B shows SEC chromatograms of 
the early and late macrocap Q peaks demonstrating the 
absence of aggregates in the early peak. 
0067 FIG. 22 shows results of ELISA or aPTT assays, 
showing FIX/clfXI/XTEN has enhanced activity compared to 
FIX-XTEN (see Example 29 for experimental details). Tran 
siently expressed FIX constructs were assayed for antigen 
content by ELISA and for activity by aPTT based assays. 
While the antigen content of FIX-XTEN was similar to the 
FIX/chXI/XTEN constructs the activity was significantly 
increased. This increase is attributed to the specific action of 
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the FXI protease in the assays as the FIX/cTEV/XTEN does 
not show a significantly different activity to FIX-XTEN. Note 
the ELISA titer of the FIX sample is 197 ng/ml and is off the 
scale of the graph. 
0068 FIG. 23 shows the pharmacokinetic profile after a 
single dose administered Subcutaneously to rats, with the 
derived equivalent FVII concentration shown, as described in 
Example 30. 
0069 FIG. 24 shows the pharmacokinetic profile after a 
single dose administered Subcutaneously to rats, with the 
derived equivalent FIX concentration shown, as described in 
Example 31. 
0070 FIG. 25 shows the pharmacokinetic profile (plasma 
concentrations) in cynomolgus monkeys after single doses of 
different compositions of GFP linked to unstructured 
polypeptides of varying length, administered either Subcuta 
neously or intravenously, as described in Example 39. The 
compositions were GFP-L288, GFP-L576, GFP-XTEN 
AF576, GFP-Y576 and XTEN AD836-GFP. Blood samples 
were analyzed at various times after injection and the con 
centration of GFP in plasma was measured by ELISA using a 
polyclonal antibody against GFP for capture and a biotiny 
lated preparation of the same polyclonal antibody for detec 
tion. Results are presented as the plasma concentration versus 
time (h) after dosing and show, in particular, a considerable 
increase in half-life for the XTEN AD836-GFP, the compo 
sition with the longest sequence length of XTEN. The con 
struct with the shortest sequence length, the GFP-L288 had 
the shortest half-life. 

(0071 FIG. 26 shows an SDS-PAGE gel of samples from a 
stability study of the fusion protein of XTEN AE864 fused to 
the N-terminus of GFP (see Example 40). The GFP-XTEN 
was incubated in cynomolgus plasma and rat kidney lysate for 
up to 7 days at 37°C. In addition, GFP-XTEN administered 
to cynomolgus monkeys was also assessed. Samples were 
withdrawn at 0, 1 and 7 days and analyzed by SDS PAGE 
followed by detection using Western analysis with antibodies 
against GFP. 
0072 FIG. 27 shows three randomized libraries used for 
the third and fourth codons in the N-terminal sequences of 
clones from LCW546, LCW547 and LCW552 (see Example 
14 for experimental details). The libraries were designed with 
the third and fourth residues modified such that all combina 
tions of allowable XTEN codons were present at these posi 
tions, as shown. In order to include all the allowable XTEN 
codons for each library, nine pairs of oligonucleotides encod 
ing 12 amino acids with codon diversities of third and fourth 
residues were designed, annealed and ligated into the Ndel/ 
Bsal restriction enzyme digested stuffer vector pCW0551 
(Stuffer-XTEN AM875-GFP), and transformed into E. coli 
BL21Gold(DE3) competent cells to obtain colonies of the 
three libraries LCW0569 (SEQID NOS 773 and 774, respec 
tively), LCW0570 (SEQID NOS 775 and 776, respectively), 
and LCW0571 (SEQID NOS 777 and 778, respectively). 
0073 FIG. 28 shows a histogram of a retest of the top 75 
clones after the optimization step, as described in Example 
15, for GFP fluorescence signal, relative to the benchmark 
CBD AM875 construct. The results indicated that several 
clones were now Superior to the benchmark clones. 
0074 FIG. 29 is a schematic of a combinatorial approach 
undertaken for the union of codon optimization preferences 
for two regions of the N-terminus 48 amino acids (see 
Example 16 for experimental details). The approach created 
novel 48mers at the N-terminus of the XTEN protein for 
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evaluation of the optimization of expression that resulted in 
leader sequences that can be a solution for the expression of 
XTEN proteins where the XTEN is N-terminal to the CF. 
(0075 FIG. 30 shows an SDS-PAGE gel confirming the 
expression of preferred clones obtained from the XTEN 
N-terminal codon optimization experiments, in comparison 
to benchmark XTEN clones comprising CBD leader 
sequences at the N-terminus of the construct sequences, as 
described in Example 17. 
(0076 FIG. 31 is a schematic flowchart of representative 
steps in the assembly, production and the evaluation of a 
XTEN. 
(0077 FIG. 32 is a schematic flowchart of representative 
steps in the assembly of a CFXTEN polynucleotide construct 
encoding a fusion protein. Individual oligonucleotides 501 
areannealed into sequence motifs 502 Such as a 12 amino acid 
motif (“12-mer'), which is subsequently ligated with an oligo 
containing BbsI, and KpnI restriction sites 503. Additional 
sequence motifs from a library are annealed to the 12-mer 
until the desired length of the XTEN gene 504 is achieved. 
The XTEN gene is cloned into a stuffer vector. In this case, the 
vector encodes an optional Flag sequence 506 followed by a 
stopper sequence that is flanked by Bsal, BbsI, and Kipni sites 
507 and an FVII gene 508, resulting in the gene 500 encoding 
an XTEN-FVII fusion protein. 
(0078 FIG. 33 is a schematic flowchart of representative 
steps in the assembly of a gene encoding fusion protein com 
prising a CF and XTEN, its expression and recovery as a 
fusion protein, and its evaluation as a candidate CFXTEN 
product. 
007.9 FIG. 34 is a schematic representation of the design 
of CFXTEN expression vectors with different processing 
strategies. FIG. 34A shows an expression vector encoding 
XTEN fused to the 3' end of the sequence encoding FVII. 
Note that no additional leader sequences are required in this 
vector. FIG.7B depicts an expression vector encoding XTEN 
fused to the 5' end of the sequence encoding FVII with a CBD 
leader sequence and a TEV protease site. FIG. 7C depicts an 
expression vector as in FIG. 7B where the CBD and TEV 
processing sites have been replaced with an optimized N-ter 
minal leader sequence (NTS). FIG. 7D depicts an expression 
vector encoding an NTS sequence, an XTEN, a sequence 
encoding VFII, and than a second sequence encoding an 
XTEN. 
0080 FIG. 35 shows results of a size exclusion chroma 
tography analysis of glucagon-XTEN construct samples 
measured against protein standards of known molecular 
weight, with the graph output as absorbance versus retention 
volume, as described in Example 37. The glucagon-XTEN 
constructs are 1) glucagon-Y288; 2) glucagonY-144; 3) glu 
cagon-Y72; and 4) glucagon-Y36. The results indicate an 
increase in apparent molecular weight with increasing length 
of XTEN moiety. 
I0081 FIG. 36 shows sequence alignments between por 
tions of native FIX, native FVII, and FVII-FIX sequence 
hybrids (SEQ ID NOS 779-786, respectively, in order of 
appearance) with different portions of the AP domain incor 
porated in the portion of the molecule spanning the EGF2 and 
Pro domains. The legend provides construct names. Gaps in 
an individual sequence (dashes) represents stretches of non 
homology to FIX but are otherwise continuous, linked 
sequences. The underlined amino acids are FIX-derived 
Sequence. 

DETAILED DESCRIPTION OF THE INVENTION 

0082 Before the embodiments of the invention are 
described, it is to be understood that such embodiments are 
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provided by way of example only, and that various alterna 
tives to the embodiments of the invention described herein 
may be employed in practicing the invention. Numerous 
variations, changes, and Substitutions will now occur to those 
skilled in the art without departing from the invention. 
0.083 Unless otherwise defined, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although methods and materials similar or 
equivalent to those described herein can be used in the prac 
tice or testing of the present invention, Suitable methods and 
materials are described below. In case of conflict, the patent 
specification, including definitions, will control. In addition, 
the materials, methods, and examples are illustrative only and 
not intended to be limiting. Numerous variations, changes, 
and substitutions will now occur to those skilled in the art 
without departing from the invention. 

DEFINITIONS 

0084 As used herein, the following terms have the mean 
ings ascribed to them unless specified otherwise. 
0085. As used in the specification and claims, the singular 
forms “a”, “an and “the include plural references unless the 
context clearly dictates otherwise. For example, the term “a 
cell includes a plurality of cells, including mixtures thereof. 
I0086. The terms “polypeptide”, “peptide', and “protein' 
are used interchangeably hereinto refer to polymers of amino 
acids of any length. The polymer may be linear or branched, 
it may comprise modified amino acids, and it may be inter 
rupted by non-amino acids. The terms also encompass an 
amino acid polymer that has been modified, for example, by 
disulfide bond formation, glycosylation, lipidation, acetyla 
tion, phosphorylation, or any other manipulation, Such as 
conjugation with a labeling component. 
0087. As used herein the term “amino acid” refers to either 
natural and/or unnatural or synthetic amino acids, including 
but not limited to both the D or L optical isomers, and amino 
acid analogs and peptidomimetics. Standard single or three 
letter codes are used to designate amino acids. 
0088. The term “natural L-amino acid means the L opti 
cal isomer forms of glycine (G), proline (P), alanine (A), 
Valine (V), leucine (L), isoleucine (I), methionine (M), cys 
teine (C), phenylalanine (F), tyrosine (Y), tryptophan (W), 
histidine (H), lysine (K), arginine (R), glutamine (Q), aspar 
agine (N), glutamic acid (E), aspartic acid (D), serine (S), and 
threonine (T). 
0089. The term “non-naturally occurring, as applied to 
sequences and as used herein, means polypeptide or poly 
nucleotide sequences that do not have a counterpart to, are not 
complementary to, or do not have a high degree of homology 
with a wild-type or naturally-occurring sequence found in a 
mammal. For example, a non-naturally occurring polypep 
tide or fragment may share no more than 99%, 98%. 95%, 
90%. 80%, 70%, 60%, 50% or even less amino acid sequence 
identity as compared to a natural sequence when Suitably 
aligned. 
0090. The terms “hydrophilic' and “hydrophobic” refer to 
the degree of affinity that a substance has with water. A 
hydrophilic Substance has a strong affinity for water, tending 
to dissolve in, mix with, or be wetted by water, while a 
hydrophobic substance substantially lacks affinity for water, 
tending to repel and not absorb water and tending not to 
dissolve in or mix with or be wetted by water Amino acids can 
be characterized based on their hydrophobicity. A number of 
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scales have been developed. An example is a scale developed 
by Levitt, M, et al., J Mol Biol (1976) 104:59, which is listed 
in Hopp, T P. et al., Proc Natl AcadSci USA (1981)78:3824. 
Examples of “hydrophilic amino acids' are arginine, lysine, 
threonine, alanine, asparagine, and glutamine. Of particular 
interest are the hydrophilic amino acids aspartate, glutamate, 
and serine, and glycine. Examples of “hydrophobic amino 
acids' are tryptophan, tyrosine, phenylalanine, methionine, 
leucine, isoleucine, and Valine. 
0091 A“fragment' is a truncated form of a native biologi 
cally active protein that retains at least a portion of the thera 
peutic and/or biological activity. A “variant is a protein with 
sequence homology to the native biologically active protein 
that retains at least a portion of the therapeutic and/or biologi 
cal activity of the biologically active protein. For example, a 
variant protein may share at least 70%, 75%, 80%, 85%,90%, 
95%, 96%, 97%, 98% or 99% amino acid sequence identity 
compared with the reference biologically active protein. As 
used herein, the term “biologically active protein moiety’ 
includes proteins modified deliberately, as for example, by 
site directed mutagenesis, insertions, or accidentally through 
mutations. 

0092. As used herein, “internal XTEN refers to XTEN 
sequences that have been inserted into the sequence of the 
coagulation factor. Internal XTENs can be constructed by 
insertion of an XTEN sequence into the sequence of a coagu 
lation factor such as FIX or FVII, either by insertion between 
two adjacentamino acids or domains of the coagulation factor 
or wherein XTEN replaces a partial, internal sequence of the 
coagulation factor. 
0093. As used herein, “terminal XTEN refers to XTEN 
sequences that have been fused to or in the N- or C-terminus 
of the coagulation factor or to a proteolytic cleavage sequence 
at the N- or C-terminus of the coagulation factor. Terminal 
XTENs can be fused to the native termini of the coagulation 
factor. Alternatively, terminal XTENs can replace a terminal 
sequence of the coagulation factor. 
(0094. The term “XTEN release site” refers to a sequence 
in CFXTEN fusion proteins that can be recognized and 
cleaved by a mammalian protease, effecting release of an 
XTEN or a portion of an XTEN from the CFXTEN fusion 
protein. As used herein, “mammalian protease' means a pro 
tease that normally exists in the body fluids, cells or tissues of 
a mammal. XTEN release sites can be engineered to be 
cleaved by various mammalian proteases (a.k.a. “XTEN 
release proteases”) such as FXIa, FXIIa, kallikrein, FVIIa, 
FIXa, FXa. FIIa (thrombin), Elastase-2, MMP-12, MMP13, 
MMP-17, MMP-20, or any protease that is present during a 
clotting event. 
(0095 “Activity” as applied to form(s) of a CFXTEN 
polypeptide provided herein, refers to retention of a biologi 
cal activity of the native coagulation factor, wherein “biologi 
cal activity” refers to an in vitro or in vivo biological function 
or effect, including but not limited to either receptor or ligand 
binding, enzymatic activity, or an effect on coagulation gen 
erally known in the art for the coagulation factor. 
0096. A “therapeutic effect” as applied to form(s) of a 
CFXTEN polypeptide provided herein, refers to a physi 
ologic effect, including but not limited to the curing, mitiga 
tion, reversal, amelioration or prevention of disease or con 
ditions in humans or other animals, or to otherwise enhance 
physical or mental wellbeing of humans or animals. A “thera 
peutically effective amount’ means an amount of compound 
effective to prevent, alleviate, reverse or ameliorate symp 
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toms of disease or a condition (e.g., a bleeding episode) or 
prolong the survival of the subject being treated. Determina 
tion of a therapeutically effective amount is well within the 
capability of those skilled in the art, especially in light of the 
detailed disclosure provided herein. 
0097. A “host cell includes an individual cell or cell 
culture which can be or has been a recipient for the subject 
vectors. Host cells include progeny of a single host cell. The 
progeny may not necessarily be completely identical (in mor 
phology or in genomic of total DNA complement) to the 
original parent cell due to natural, accidental, or deliberate 
mutation. A host cell includes cells transfected in vivo with a 
vector of this invention. 
0098 “Isolated, when used to describe the various 
polypeptides disclosed herein, means polypeptide that has 
been identified and separated and/or recovered from a com 
ponent of its natural environment. Contaminant components 
of its natural environment are materials that would typically 
interfere with diagnostic or therapeutic uses for the polypep 
tide, and may include enzymes, hormones, and other pro 
teinaceous or non-proteinaceous solutes. As is apparent to 
those of skill in the art, a non-naturally occurring polynucle 
otide, peptide, polypeptide, protein, antibody, or fragments 
thereof, does not require "isolation” to distinguish it from its 
naturally occurring counterpart. In addition, a “concen 
trated”, “separated or "diluted polynucleotide, peptide, 
polypeptide, protein, antibody, or fragments thereof, is dis 
tinguishable from its naturally occurring counterpart in that 
the concentration or number of molecules per Volume is gen 
erally greater than that of its naturally occurring counterpart. 
In general, a polypeptide made by recombinant means and 
expressed in a host cell is considered to be "isolated.” 
0099. An "isolated polynucleotide or polypeptide-en 
coding nucleic acid or other polypeptide-encoding nucleic 
acid is a nucleic acid molecule that is identified and separated 
from at least one contaminant nucleic acid molecule with 
which it is ordinarily associated in the natural source of the 
polypeptide-encoding nucleic acid. An isolated polypeptide 
encoding nucleic acid molecule is other than in the form or 
setting in which it is found in nature. Isolated polypeptide 
encoding nucleic acid molecules therefore are distinguished 
from the specific polypeptide-encoding nucleic acid mol 
ecule as it exists in natural cells. However, an isolated 
polypeptide-encoding nucleic acid molecule includes 
polypeptide-encoding nucleic acid molecules contained in 
cells that ordinarily express the polypeptide where, for 
example, the nucleic acid molecule is in a chromosomal or 
extra-chromosomal location different from that of natural 
cells. 

0100. A “chimeric' protein contains at least one fusion 
polypeptide comprising regions in a different position in the 
sequence than that which occurs in nature. The regions may 
normally existin separate proteins and are brought togetherin 
the fusion polypeptide; or they may normally exist in the 
same protein but are placed in a new arrangement in the fusion 
polypeptide. A chimeric protein may be created, for example, 
by chemical synthesis, or by creating and translating a poly 
nucleotide in which the peptide regions are encoded in the 
desired relationship. 
0101 “Conjugated”, “linked,” “fused,” and “fusion” are 
used interchangeably herein. These terms refer to the joining 
together of two or more chemical elements or components, by 
whatever means including chemical conjugation or recombi 
nant means. For example, a promoter or enhancer is operably 
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linked to a coding sequence if it affects the transcription of the 
sequence. Generally, “operably linked' means that the DNA 
sequences being linked are contiguous, and in reading phase 
or in-frame. An “in-frame fusion” refers to the joining of two 
or more open reading frames (ORFs) to form a continuous 
longer ORF, in a manner that maintains the correct reading 
frame of the original ORFs. Thus, the resulting recombinant 
fusion protein is a single protein containing two or more 
segments that correspond to polypeptides encoded by the 
original ORFs (which segments are not normally so joined in 
nature). 
0102. In the context of polypeptides, a “linear sequence' 
or a "sequence' is an order of amino acids in a polypeptide in 
an amino to carboxyl terminus direction in which residues 
that neighbor each other in the sequence are contiguous in the 
primary structure of the polypeptide. A "partial sequence' is 
a linear sequence of part of a polypeptide that is known to 
comprise additional residues in one or both directions. 
0103) “Heterologous' means derived from a genotypi 
cally distinct entity from the rest of the entity to which it is 
being compared. For example, a glycine rich sequence 
removed from its native coding sequence and operatively 
linked to a coding sequence other than the native sequence is 
a heterologous glycine rich sequence. The term "heterolo 
gous' as applied to a polynucleotide, a polypeptide, means 
that the polynucleotide or polypeptide is derived from a geno 
typically distinct entity from that of the rest of the entity to 
which it is being compared. 
01.04 The terms “polynucleotides”, “nucleic acids, 
“nucleotides’ and "oligonucleotides' are used interchange 
ably. They refer to a polymeric form of nucleotides of any 
length, either deoxyribonucleotides or ribonucleotides, or 
analogs thereof. Polynucleotides may have any three-dimen 
sional structure, and may perform any function, known or 
unknown. The following are non-limiting examples of poly 
nucleotides: coding or non-coding regions of a gene or gene 
fragment, loci (locus) defined from linkage analysis, exons, 
introns, messenger RNA (mRNA), transfer RNA, ribosomal 
RNA, ribozymes, cDNA, recombinant polynucleotides, 
branched polynucleotides, plasmids, vectors, isolated DNA 
of any sequence, isolated RNA of any sequence, nucleic acid 
probes, and primers. A polynucleotide may comprise modi 
fied nucleotides, such as methylated nucleotides and nucle 
otide analogs. If present, modifications to the nucleotide 
structure may be imparted before or after assembly of the 
polymer. The sequence of nucleotides may be interrupted by 
non-nucleotide components. A polynucleotide may be further 
modified after polymerization, such as by conjugation with a 
labeling component. 
0105. The term “complement of a polynucleotide' 
denotes a polynucleotide molecule having a complementary 
base sequence and reverse orientation as compared to a ref 
erence sequence, such that it could hybridize with a reference 
sequence with complete fidelity. 
0106 “Recombinant as applied to a polynucleotide 
means that the polynucleotide is the product of various com 
binations of in vitro cloning, restriction and/or ligation steps, 
and other procedures that result in a construct that can poten 
tially be expressed in a host cell. 
0107 The terms “gene' and “gene fragment” are used 
interchangeably herein. They refer to a polynucleotide con 
taining at least one open reading frame that is capable of 
encoding a particular protein after being transcribed and 
translated. A gene or gene fragment may be genomic or 
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cDNA, as long as the polynucleotide contains at least one 
open reading frame, which may cover the entire coding region 
or a segment thereof. A “fusion gene' is a gene composed of 
at least two heterologous polynucleotides that are linked 
together. 
0108) “Homology' or “homologous' refers to sequence 
similarity or interchangeability between two or more poly 
nucleotide sequences or two or more polypeptide sequences. 
When using a program Such as BestFit to determine sequence 
identity, similarity or homology between two different amino 
acid sequences, the default settings may be used, oran appro 
priate scoring matrix. Such as blosum45 or bloSum80, may be 
selected to optimize identity, similarity or homology scores. 
Preferably, polynucleotides that are homologous are those 
which hybridize under stringent conditions as defined herein 
and have at least 70%, preferably at least 80%, more prefer 
ably at least 90%, more preferably 95%, more preferably 
97%, more preferably 98%, and even more preferably 99% 
sequence identity compared to those sequences. 
0109) “Ligation” refers to the process of forming phos 
phodiester bonds between two nucleic acid fragments or 
genes, linking them together. To ligate the DNA fragments or 
genes together, the ends of the DNA must be compatible with 
each other. In some cases, the ends will be directly compatible 
after endonuclease digestion. However, it may be necessary 
to first convert the staggered ends commonly produced after 
endonuclease digestion to blunt ends to make them compat 
ible for ligation. 
0110. The terms “stringent conditions' or “stringent 
hybridization conditions” includes reference to conditions 
under which a polynucleotide will hybridize to its target 
sequence, to a detectably greater degree than other sequences 
(e.g., at least 2-fold over background). Generally, stringency 
of hybridization is expressed, in part, with reference to the 
temperature and salt concentration under which the wash step 
is carried out. Typically, stringent conditions will be those in 
which the salt concentration is less than about 1.5 MNaion, 
typically about 0.01 to 1.0 M Na ion concentration (or other 
salts) at pH 7.0 to 8.3 and the temperature is at least about 30° 
C. for short polynucleotides (e.g., 10 to 50 nucleotides) and at 
least about 60°C. for long polynucleotides (e.g., greater than 
50 nucleotides)—for example, “stringent conditions' can 
include hybridization in 50% formamide, 1 MNaCl, 1% SDS 
at 37°C., and three washes for 15 min each in 0.1 xSSC/1% 
SDS at 60° C. to 65° C. Alternatively, temperatures of about 
65°C., 60° C., 55° C., or 42°C. may be used. SSC concen 
tration may be varied from about 0.1 to 2xSSC, with SDS 
being present at about 0.1%. Such wash temperatures are 
typically selected to be about 5° C. to 20° C. lower than the 
thermal melting point for the specific sequence at a defined 
ionic strength and pH. The Tm is the temperature (under 
defined ionic strength and pH) at which 50% of the target 
sequence hybridizes to a perfectly matched probe. An equa 
tion for calculating Tm and conditions for nucleic acid 
hybridization are well known and can be found in Sambrook, 
J. etal. (1989) Molecular Cloning: A Laboratory Manual. 2" 
ed., vol. 1-3, Cold Spring Harbor Press, Plainview N.Y.; spe 
cifically see volume 2 and chapter 9. Typically, blocking 
reagents are used to block non-specific hybridization. Such 
blocking reagents include, for instance, sheared and dena 
tured salmon sperm DNA at about 100-200 g/ml. Organic 
Solvent, such as formamide at a concentration of about 
35-50% V/V, may also be used underparticular circumstances, 
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such as for RNA:DNA hybridizations. Useful variations on 
these wash conditions will be readily apparent to those of 
ordinary skill in the art. 
0111. The terms “percent identity” and “% identity,” as 
applied to polynucleotide sequences, refer to the percentage 
of residue matches between at least two polynucleotide 
sequences aligned using a standardized algorithm. Such an 
algorithm may insert, in a standardized and reproducible way, 
gaps in the sequences being compared in order to optimize 
alignment between two sequences, and therefore achieve a 
more meaningful comparison of the two sequences. Percent 
identity may be measured over the length of an entire defined 
polynucleotide sequence, or may be measured over a shorter 
length, for example, over the length of a fragment taken from 
a larger, defined polynucleotide sequence, for instance, a 
fragment of at least 45, at least 60, at least 90, at least 120, at 
least 150, at least 210 or at least 450 contiguous residues. 
Such lengths are exemplary only, and it is understood that any 
fragment length supported by the sequences shown herein, in 
the tables, figures or Sequence Listing, may be used to 
describe a length over which percentage identity may be 
measured. 

0112 “Percent (%) sequence identity.” with respect to the 
polypeptide sequences identified herein, is defined as the 
percentage of amino acid residues in a query sequence that are 
identical with the amino acid residues of a second, reference 
polypeptide sequence or a portion thereof, after aligning the 
sequences and introducing gaps, if necessary, to achieve the 
maximum percent sequence identity, and not considering any 
conservative Substitutions as part of the sequence identity. 
Alignment for purposes of determining percent amino acid 
sequence identity can be achieved in various ways that are 
within the skill in the art, for instance, using publicly avail 
able computer software such as BLAST, BLAST-2. ALIGN 
or Megalign (DNASTAR) software. Those skilled in the art 
can determine appropriate parameters for measuring align 
ment, including any algorithms needed to achieve maximal 
alignment over the full length of the sequences being com 
pared. Percent identity may be measured over the length of an 
entire defined polypeptide sequence, or may be measured 
over a shorter length, for example, over the length of a frag 
ment taken from a larger, defined polypeptide sequence, for 
instance, a fragment of at least 15, at least 20, at least 30, at 
least 40, at least 50, at least 70 or at least 150 contiguous 
residues. Such lengths are exemplary only, and it is under 
stood that any fragment length Supported by the sequences 
shown herein, in the tables, figures or Sequence Listing, may 
be used to describe a length over which percentage identity 
may be measured. 
0113. The term “non-repetitiveness” as used herein in the 
context of a polypeptide refers to a lack or limited degree of 
internal homology in a peptide or polypeptide sequence. The 
term 'substantially non-repetitive' can mean, for example, 
that there are few or no instances of four contiguous amino 
acids in the sequence that are identical amino acid types or 
that the polypeptide has a Subsequence score (defined infra) 
of 10 or less or that there isn't a pattern in the order, from N 
to C-terminus, of the sequence motifs that constitute the 
polypeptide sequence. The term “repetitiveness' as used 
herein in the context of a polypeptide refers to the degree of 
internal homology in a peptide or polypeptide sequence. In 
contrast, a “repetitive' sequence may contain multiple iden 
tical copies of short amino acid sequences. For instance, a 
polypeptide sequence of interest may be divided into n-mer 
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sequences and the number of identical sequences can be 
counted. Highly repetitive sequences contain a large fraction 
of identical sequences while non-repetitive sequences con 
tain few identical sequences. In the context of a polypeptide, 
a sequence can contain multiple copies of shorter sequences 
of defined or variable length, or motifs, in which the motifs 
themselves have non-repetitive sequences, rendering the full 
length polypeptide Substantially non-repetitive. The length of 
polypeptide within which the non-repetitiveness is measured 
can vary from 3 amino acids to about 200 amino acids, about 
from 6 to about 50 amino acids, or from about 9 to about 14 
amino acids. “Repetitiveness' used in the context of poly 
nucleotide sequences refers to the degree of internal homol 
ogy in the sequence Such as, for example, the frequency of 
identical nucleotide sequences of a given length. Repetitive 
ness can, for example, be measured by analyzing the fre 
quency of identical sequences. 
0114. A “vector is a nucleic acid molecule, preferably 
self-replicating in an appropriate host, which transfers an 
inserted nucleic acid molecule into and/or between host cells. 
The term includes vectors that function primarily for inser 
tion of DNA or RNA into a cell, replication of vectors that 
function primarily for the replication of DNA or RNA, and 
expression vectors that function for transcription and/or 
translation of the DNA or RNA. Also included are vectors that 
provide more than one of the above functions. An "expression 
vector is a polynucleotide which, when introduced into an 
appropriate host cell, can be transcribed and translated into a 
polypeptide(s). An "expression system' usually connotes a 
Suitable host cell comprised of an expression vector that can 
function to yield a desired expression product. 
0115 "Serum degradation resistance,” as applied to a 
polypeptide, refers to the ability of the polypeptides to with 
stand degradation in blood or components thereof, which 
typically involves proteases in the serum or plasma. The 
serum degradation resistance can be measured by combining 
the protein with human (or mouse, rat, monkey, as appropri 
ate) serum or plasma, typically for a range of days (e.g. 0.25, 
0.5, 1, 2, 4, 8, 16 days), typically at about 37°C. The samples 
for these time points can be run on a Western blot assay and 
the protein is detected with an antibody. The antibody can be 
to a tag in the protein. If the protein shows a single band on the 
western, where the protein's size is identical to that of the 
injected protein, then no degradation has occurred. In this 
exemplary method, the time point where 50% of the protein is 
degraded, as judged by Western blots or equivalent tech 
niques, is the serum degradation half-life or “serum half-life' 
of the protein. 
0116. The term “t as used herein means the terminal 
half-life calculated as ln(2)/K. K., is the terminal elimina 
tion rate constant calculated by linear regression of the ter 
minal linear portion of the log concentration vs. time curve. 
Half-life typically refers to the time required for half the 
quantity of an administered Substance deposited in a living 
organism to be metabolized or eliminated by normal biologi 
cal processes. The terms “t”, “terminal half-life”, “elimi 
nation half-life' and “circulating half-life' are used inter 
changeably herein. 
0117 “Active clearance” means the mechanisms by which 
CF is removed from the circulation other than by filtration or 
coagulation, and which includes removal from the circulation 
mediated by cells, receptors, metabolism, or degradation of 
the CF. 
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0118 "Apparent molecular weight factor” and “apparent 
molecular weight’ are related terms referring to a measure of 
the relative increase or decrease inapparent molecular weight 
exhibited by a particular amino acid sequence. The apparent 
molecular weight is determined using size exclusion chroma 
tography (SEC) and similar methods compared to globular 
protein standards and is measured in “apparent kD'units. The 
apparent molecular weight factor is the ratio between the 
apparent molecular weight and the actual molecular weight; 
the latter predicted by adding, based on amino acid compo 
sition, the calculated molecular weight of each type of amino 
acid in the composition or by estimation from comparison to 
molecular weight standards in an SDS electrophoresis gel. 
0119) The terms “hydrodynamic radius' or “Stokes 
radius' is the effective radius (Rh in nm) of a molecule in a 
Solution measured by assuming that it is a body moving 
through the solution and resisted by the solution's viscosity. 
In the embodiments of the invention, the hydrodynamic 
radius measurements of the XTEN fusion proteins correlate 
with the apparent molecular weight factor, which is a more 
intuitive measure. The “hydrodynamic radius' of a protein 
affects its rate of diffusion in aqueous solution as well as its 
ability to migrate in gels of macromolecules. The hydrody 
namic radius of a protein is determined by its molecular 
weight as well as by its structure, including shape and com 
pactness. Methods for determining the hydrodynamic radius 
are well known in the art, such as by the use of size exclusion 
chromatography (SEC), as described in U.S. Pat. Nos. 6,406, 
632 and 7.294,513. Most proteins have globular structure, 
which is the most compact three-dimensional structure a pro 
tein can have with the Smallest hydrodynamic radius. Some 
proteins adopt a random and open, unstructured, or linear 
conformation and as a result have a much larger hydrody 
namic radius compared to typical globular proteins of similar 
molecular weight. 
I0120) “Physiological conditions' refers to a set of condi 
tions in a living host as well as in vitro conditions, including 
temperature, salt concentration, pH, that mimic those condi 
tions of a living Subject. A host of physiologically relevant 
conditions for use in in vitro assays have been established. 
Generally, a physiological buffer contains a physiological 
concentration of salt and is adjusted to a neutral pH ranging 
from about 6.5 to about 7.8, and preferably from about 7.0 to 
about 7.5. A variety of physiological buffers are listed in 
Sambrook et al. (1989). Physiologically relevant temperature 
ranges from about 25°C. to about 38°C., and preferably from 
about 35° C. to about 37° C. 

I0121. A “reactive group' is a chemical structure that can 
be coupled to a second reactive group. Examples for reactive 
groups are amino groups, carboxyl groups, sulfhydryl 
groups, hydroxyl groups, aldehyde groups, azide groups. 
Some reactive groups can be activated to facilitate coupling 
with a second reactive group. Non-limiting examples for 
activation are the reaction of a carboxyl group with carbodi 
imide, the conversion of a carboxyl group into an activated 
ester, or the conversion of a carboxyl group into an azide 
function. 

0.122 “Controlled release agent”, “slow release agent', 
“depot formulation' and “sustained release agent” are used 
interchangeably to refer to an agent capable of extending the 
duration of release of a polypeptide of the invention relative to 
the duration of release when the polypeptide is administered 
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in the absence of agent. Different embodiments of the present 
invention may have different release rates, resulting in differ 
ent therapeutic amounts. 
0123. The terms “antigen”, “target antigen’ and “immu 
nogen' are used interchangeably herein to refer to the struc 
ture or binding determinant that an antibody fragment or an 
antibody fragment-based therapeutic binds to or has specific 
ity against. 
0.124. The term “payload’ as used herein refers to a protein 
or peptide sequence that has biological ortherapeutic activity; 
the counterpart to the pharmacophore of Small molecules. 
Examples of payloads include, but are not limited to, cytok 
ines, enzymes, hormones and blood and growth factors. Pay 
loads can further comprise genetically fused or chemically 
conjugated moieties such as chemotherapeutic agents, anti 
viral compounds, toxins, or contrastagents. These conjugated 
moieties can be joined to the rest of the polypeptide via a 
linker that may be cleavable or non-cleavable. 
0.125. The term “antagonist', as used herein, includes any 
molecule that partially or fully blocks, inhibits, or neutralizes 
a biological activity of a native polypeptide disclosed herein. 
Methods for identifying antagonists of a polypeptide may 
comprise contacting a native polypeptide with a candidate 
antagonist molecule and measuring a detectable change in 
one or more biological activities normally associated with the 
native polypeptide. In the context of the present invention, 
antagonists may include proteins, nucleic acids, carbohy 
drates, antibodies or any other molecules that decrease the 
effect of a biologically active protein. 
0126 The term “agonist' is used in the broadest sense and 
includes any molecule that mimics a biological activity of a 
native polypeptide disclosed herein. Suitable agonist mol 
ecules specifically include agonist antibodies or antibody 
fragments, fragments or amino acid sequence variants of 
native polypeptides, peptides, Small organic molecules, etc. 
Methods for identifying agonists of a native polypeptide may 
comprise contacting a native polypeptide with a candidate 
agonist molecule and measuring a detectable change in one or 
more biological activities normally associated with the native 
polypeptide. 
0127 “Activity” for the purposes herein refers to an action 
or effect of a component of a fusion protein consistent with 
that of the corresponding native biologically active protein, 
wherein “biological activity” refers to an in vitro or in vivo 
biological function or effect, including but not limited to 
receptor binding, antagonist activity, agonist activity, or a 
cellular or physiologic response. 
0128. As used herein, “treatment” or “treating,” or “palli 
ating or “ameliorating is used interchangeably herein. 
These terms refer to an approach for obtaining beneficial or 
desired results including but not limited to a therapeutic ben 
efit and/or a prophylactic benefit. By therapeutic benefit is 
meant eradication or amelioration of the underlying disorder 
being treated. Also, a therapeutic benefit is achieved with the 
eradication or amelioration of one or more of the physiologi 
cal symptoms associated with the underlying disorder Such 
that an improvement is observed in the Subject, notwithstand 
ing that the subject may still be afflicted with the underlying 
disorder. For prophylactic benefit, the compositions may be 
administered to a subject at risk of developing a particular 
disease, or to a subject reporting one or more of the physi 
ological symptoms of a disease, even though a diagnosis of 
this disease may not have been made. 
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I0129. A “therapeutic effect”, as used herein, refers to a 
physiologic effect, including but not limited to the cure, miti 
gation, amelioration, or prevention of disease in humans or 
other animals, or to otherwise enhance physical or mental 
wellbeing of humans or animals, caused by a fusion polypep 
tide of the invention other than the ability to induce the pro 
duction of an antibody againstan antigenic epitope possessed 
by the biologically active protein. Determination of a thera 
peutically effective amount is well within the capability of 
those skilled in the art, especially in light of the detailed 
disclosure provided herein. 
0.130. The terms “therapeutically effective amount” and 
“therapeutically effective dose”, as used herein, refer to an 
amount of a biologically active protein, either alone or as a 
part of a fusion protein composition, that is capable of having 
any detectable, beneficial effect on any symptom, aspect, 
measured parameter or characteristics of a disease state or 
condition when administered in one or repeated doses to a 
subject. Such effect need not be absolute to be beneficial. 
I0131 The term “therapeutically effective dose regimen”. 
as used herein, refers to a schedule for consecutively admin 
istered multiple doses (i.e., at least two or more) of a biologi 
cally active protein, either alone oras a part of a fusion protein 
composition, wherein the doses are given in therapeutically 
effective amounts to result in sustained beneficial effect on 
any symptom, aspect, measured parameter or characteristics 
of a disease state or condition. 

I). General Techniques 
0.132. The practice of the present invention employs, 
unless otherwise indicated, conventional techniques of 
immunology, biochemistry, chemistry, molecular biology, 
microbiology, cell biology, genomics and recombinant DNA, 
which are within the skill of the art. See Sambrook, J. et al., 
“Molecular Cloning: A Laboratory Manual.”3"edition, Cold 
Spring Harbor Laboratory Press, 2001; “Current protocols in 
molecular biology”, F. M. Ausubel, et al. eds., 1987; the series 
“Methods in Enzymology.” Academic Press, San Diego, 
Calif.; “PCR 2: a practical approach’, M.J. MacPherson, B. 
D. Hames and G. R. Taylor eds., Oxford University Press, 
1995: "Antibodies, a laboratory manual Harlow, E. and 
Lane, D. eds., Cold Spring Harbor Laboratory, 1988; “Good 
man & Gilman's The Pharmacological Basis of Therapeu 
tics.” 11 Edition, McGraw-Hill, 2005; and Freshney, R.I., 
“Culture of Animal Cells: A Manual of Basic Technique.” 4" 
edition, John Wiley & Sons, Somerset, N.J., 2000, the con 
tents of which are incorporated in their entirety herein by 
reference. 

II). Coagulation Factors 
I0133. The present invention relates in part to fusion pro 
tein compositions comprising coagulation factors (CF). As 
used herein, "coagulation factor” or “CF refers to factor IX 
(FIX), factor VII (FVII), sequence combinations of FVII and 
FIX, or mimetics, sequence variants and truncated versions 
thereof. 

(a) Factor IX 
I0134) “Factor IX” or “FIX' means a coagulation factor 
protein and species and sequence variants thereof, and 
includes, but is not limited to, the 461 single-chainamino acid 
sequence of human FIXprecursor polypeptide (“prepro') and 
the 415 single-chain amino acid sequence of mature human 
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FIX. FIX includes any form of factor IX molecule with the 
typical characteristics of blood coagulation factor IX. As used 
herein “factor IX' and “FIX' are intended to encompass 
polypeptides that comprise the domains Gla (region contain 
ingy-carboxyglutamic acid residues), EGF1 and EGF2 (re 
gion containing sequences homologous to human epidermal 
growth factor), activation peptide (formed by residues R136 
R180 of the mature FIX), and the C-terminal protease domain 
(“Pro'), or synonyms of these domains known in the art, or 
can be a truncated fragment or a sequence variant that retains 
at least a portion of the biological activity of the native pro 
tein. FIX or sequence variants have been cloned, as described 
in U.S. Pat. Nos. 4,770,999, 7,700,734, and cDNA coding for 
human factor IX has been isolated, characterized, and cloned 
into expression vectors (see, for example, Choo et al., Nature 
299:178-180 (1982); Fair et al., Blood 64: 194-204 (1984); 
and Kurachi et al., Proc. Natl. Acad. Sci., U.S.A. 79:6461 
6464 (1982)). 
0135 Human factor IX (FIX) is encoded by a single-copy 
gene residing on the X-chromosome at q27.1. The human FIX 
mRNA is composed of 205 bases for the 5' untranslated 
region, 1383 bases for the prepro factor IX, a stop codon and 
1392 bases for the 3' untranslated region. The FIX polypep 
tide is 55 kDa, synthesized as a prepropolypetide chain com 
posed of three regions: a signal peptide of 28 amino acids, a 
propeptide of 18 amino acids, which is required for gamma 
carboxylation of glutamic acid residues, and a mature factor 
IX of 415 amino acids. The propeptide is an 18-amino acid 
residue sequence N-terminal to the gamma-carboxy 
glutamate domain. The propeptide binds vitamin K-depen 
dent gamma carboxylase and then is cleaved from the precur 
Sor polypeptide of FIX by an endogenous protease, most 
likely PACE (paired basic amino acid cleaving enzyme), also 
known as furin or PCSK3. Without the gamma carboxylation, 
the Gla domain is unable to bind calcium to assume the 
correct conformation necessary to anchor the protein to nega 
tively charged phospholipid surfaces, thereby rendering fac 
tor IX nonfunctional. Even if it is carboxylated, the Gla 
domain also depends on cleavage of the propeptide for proper 
function, since retained propeptide interferes with conforma 
tional changes of the Gla domain necessary for optimal bind 
ing to calcium and phospholipid. In humans, the resulting 
mature factor IX is secreted by liver cells into the blood 
stream as an inactive Zymogen, a single chain protein of 415 
amino acid residues that contains approximately 17% carbo 
hydrate by weight (Schmidt, A. E., et al. (2003) Trends Car 
diovasc Med, 13: 39). The mature factor IX is composed of 
several domains that in an N- to C-terminus configuration are: 
a Gla domain, an EGF1 domain, an EGF2 domain, an activa 
tion peptide (AP) domain, and a protease (or catalytic) 
domain. FIX contains two activation peptides formed by 
R145-A146 and R180-V181, respectively. Following activa 
tion, the single-chain FIX becomes a 2-chain molecule, in 
which the two chains are linked by a disulfide bond attaching 
the enzyme to the Gla domain. CFs can be engineered by 
replacing their activation peptides resulting in altered activa 
tion specificity. In mammals, mature FIX must be activated 
by activated factor XI to yield factor IXa. The protease 
domain provides, upon activation of FIX to FIXa, the cata 
lytic activity of FIX. Activated factor VIII (FVIIIa) is the 
specific cofactor for the full expression of FIXa activity. 
0.136 Proteins involved in clotting include factor I, factor 

II, factor III, factor IV, factor V, factor VI, factor VII, factor 
VIII, factor IX, factor X, factor XI, factor XII, factor XIII, 
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Protein C, and tissue factor ("clotting proteins'). The major 
ity of the clotting proteins is present in Zymogen form that 
when activated exhibits a pro-coagulant protease activity to 
activate other clotting proteins, contributing to the intrinsic or 
extrinsic coagulation pathway and clot formation. In the 
intrinsic pathway of the coagulation cascade, FIX associates 
with a complex of activated factor VIII, factor X, calcium, and 
phospholipid. In the complex, FIX is activated by factor XIa. 
The activation of factor IX is achieved by a two-step removal 
of the activation peptide (Ala 146-Arg 180) from the mol 
ecule (Bajajetal. Human factor IX and factor IXa, in METH 
ODS IN ENZYMOLOGY. 1993). The first cleavage is made 
at the Arg 145-Ala 146 site by either factor XIa or factor 
VIIa/tissue factor. The second and rate limiting cleavage is 
made at Arg 180-Val 181. The activation removes 35 residues. 
Activated human factor IX exists as a heterodimer of the 
C-terminal heavy chain (28 kDa) and an N-terminal light 
chain (18 kDa), which are held together by one disulfide 
bridge attaching the enzyme to the Gla domain. Factor IXa in 
turn activates factor X in concert with activated factor VIII. 
Alternatively, factors IX and X can both beactivated by factor 
VIIa complexed with lipidated Tissue Factor, generated via 
the extrinsic pathway. Factor Xa then participates in the final 
common pathway whereby prothrombin is converted to 
thrombin, and thrombin in turn converts fibrinogen to fibrinto 
form the clot. 

0.137 Defects in the coagulation process can lead to bleed 
ing disorders in which the time taken for clot formation is 
prolonged. Such defects can be congenital or acquired. For 
example, hemophilia A and B are inherited diseases charac 
terized by deficiencies in factor VIII (FVIII) and FIX, respec 
tively. Replacement therapy with these proteins, generally 
prepared as recombinant proteins, may be used in the thera 
peutic intervention of hemophilia B (Christmas Disease) and 
factor IX-related bleeding disorders. Factor IX can be used in 
the treatment of both conditions. In some cases, however, 
patients develop antibodies against the administered proteins 
that reduce or negate the efficacy of the treatment. 
0.138. The invention contemplates inclusion of FIX 
sequences in the CFXTEN compositions that have homology 
to FIX sequences, sequence fragments that are natural. Such 
as from humans, non-human primates, mammals (including 
domestic animals), and non-natural sequence variants which 
retain at least a portion of the biologic activity or biological 
function of FIX and/or that are useful for preventing, treating, 
mediating, or ameliorating a coagulation factor-related dis 
ease, deficiency, disorder or condition (e.g., bleeding epi 
sodes related to trauma, Surgery, of deficiency of a coagula 
tion factor). Sequences with homology to human FIX can be 
found by standard homology searching techniques, such as 
NCBI BLAST. 

0.139. In one embodiment, the FIX incorporated into the 
Subject compositions is a recombinant polypeptide with a 
sequence corresponding to a protein found in nature. In 
another embodiment, the FIX is a sequence variant, fragment, 
homolog, or a mimetics of a natural sequence that retains at 
least a portion of the biological activity of the corresponding 
native FIX. Table 1 provides a non-limiting list of amino acid 
sequences of FIX that are encompassed by the CFXTEN 
fusion proteins of the invention. Any of the FIX sequences or 
homologous derivatives to be incorporated into the fusion 
protein compositions can be constructed by shuffling indi 
vidual mutations between the amino acid sequences of Table 
1 and evaluated for activity. Those that retain at least a portion 
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produced by the liver, initially circulates in the blood as a 
Zymogen. The main role of factor VII is to initiate the process 
of coagulation in conjunction with tissue factor (TF). Upon 
vessel injury, tissue factor is exposed to the blood and circu 
lating factor VII. Once bound to TF, FVII is activated to 
become the activated form of factor VII (FVIIa) by different 
proteases, among which are thrombin (factor IIa), factor Xa, 
IXa, XIIa, and the FVIIa-TF complex itself. The FVII 
Zymogen is activated by proteolytic cleavage at a single site, 
Arg-Ile', resulting in a two-chain protease linked by a 
single disulphide bond (FVIIa). FVIIa binds its cofactor, tis 
sue factor (TF), to form a complex which can activate factor 
X (FX) to FXa, thereby initiating a coagulation cascade that 
results in fibrin formation and hemostasis. The complete 
nucleotide and amino acid sequences for human factor VII are 
known, and human FVII or sequence variants have been 
cloned, as described in U.S. Pat. Nos. 4,784,950, 5,833,982, 
6,911,323, and 7,026,524. 
0141 Current therapeutic uses of factor VII exist but can 
be problematic in the treatment of individuals exhibiting a 
deficiency in factor VII, factor VIII, or factor IX, and indi 
viduals with Von Willebrand's disease with FVIIa formula 
tions. More specifically, individuals receiving factors VIII 
and IX in replacement therapy frequently develop antibodies 
to these proteins. Continuing treatment is exceedingly diffi 
cult because of the presence of these antibodies. Patients 
experiencing this problem are normally treated with an acti 
vated prothrombin complex known to consist of a mixture of 
active and inactive clotting enzymes, including factor VIIa. 
FVII also is utilized in connection with treatment of uncon 
trolled bleedings, such as trauma, and it is believed that factor 
VIIa is capable of activating factor X to factor Xa without 
binding to tissue factor, and this activation reaction is 
believed to occur primarily on activated blood platelets (Hed 
ner et al. Blood Coagulation & Fibrinolysis, 2000; 11; 107 
111). 
0142 Sequence variants of factor VII, whether exhibiting 
substantially the same or better bioactivity than wild-type 
factor VII, or, alternatively, exhibiting substantially modified 
or reduced bioactivity relative to wild-type factor VII, 
include, polypeptides having an amino acid sequence that 
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differs from the sequence of wild-typefactor VII by insertion, 
deletion, or Substitution of one or more amino acids. Such 
FVII variants are known in the art, including those described 
in U.S. Pat. Nos. 6,960,657, 7,176,288, 7,414,022, 7,700,733, 
20060205036A1, 20080318276A1, and 2009001 1992A1, 
which are incorporated herein by reference. 
0.143 Recombinant FVIIa has been approved for the treat 
ment of hemophilia A or B patients that have inhibitors to 
FVIII or FIX, and also is used to stop bleeding episodes or 
prevent bleeding associated with trauma and/or Surgery. 
Recombinant FVIIa also has been approved for the treatment 
of patients with congenital FVII deficiency, and is increas 
ingly being utilized in off-label uses, such as the treatment of 
bleeding associated with other congenital or acquired bleed 
ing disorders, trauma, and Surgery in hemophilic and non 
hemophilic patients. 
0144. The invention contemplates inclusion in the CFX 
TEN compositions sequences with homology to FVII 
sequences, sequence fragments, mimetics and non-natural 
sequence variants which retain at least a portion of the bio 
logic activity or biological function of FVIIa that are useful 
for preventing, treating, mediating, or ameliorating a CF 
related disease, deficiency, disorder or condition. In addition, 
beause of the comparatively long-half life of CFXTEN com 
prising FVII, compositions comprising the inactive form of 
FVII that can be activated by mammalian endogenous pro 
teases (described more fully below) or undergo autoactivation 
represents a means to treat Subjects with certain forms of 
chronic coagulopathies with what is essentially a “prodrug 
form of FVII. Table 2 provides a list of sequences of FVII that 
are encompassed by the CFXTEN fusion proteins of the 
invention. FVII sequences or homologous derivatives con 
structed by shuffling individual mutations between species or 
families that retain at least a portion of the biological activity 
of the native CF are useful for the fusion proteins of this 
invention. FVII that can be incorporated into a CFXTEN 
fusion protein include a protein that exhibits at least about 
80% sequence identity, or alternatively 81%, 82%, 83%, 
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 
94%. 95%, 96%,97%.98%, 99%, or 100% sequence identity 
compared to a sequence selected from Table 2. 

TABLE 2 

Factor VII amino acid sequences 

SEQ 
ID 

Name NO: Amino Acid Sequence 

FWII 2O, MVSOALRLLCLLLGLOGCLAAVEWTOEEAHGVLHRRRRANAFLEELRPGSLERE 
precursor 
polypeptide 

CKEEOCSFEEAREIFKDAERTKLFWISYSDGDOCASSPCONGGSCKDOLOSYICF 
CLPAFEGRNCETHKDDOLICVNENGGCEOYCSDHTGTKRSCRCHEGYSLLADG 
WSCTPTVEYPCGKIPILEKRNASKPOGRIWGGKVCPKGECPWOVLLLVNGAOLC 
GGTLINTIWVVSAAHCFDKIKNWRNLIAVLGEHDLSEHDGDEOSRRVAOVIIPST 
YVPGTTNHDIALLRLHOPVVLTDHVVPLCLPERTFSERTLAFVRFSLVSGWGOLL 
DRGATALELMVLNVPRLMTODCLOOSRKVGDSPNITEYMFCAGYSDGSKDSCK 
GDSGGPHATHYRGTWYLTGIWSWGOGCATVGHFGVYTRWSOYIEWLOKLMRS 
EPRPGWLLRAPFP 

Human FWII 21 ANAFLEELRPGSLERECKEEOCSFEEAREIFKDAERTKLFWISYSDGDQCASSPCO 
(mature) NGGSCKDOLOSYICFCLPAFEGRNCETHKDDOLICVNENGGCEOYCSDHTGTKR 

SCRCHEGYSLLADGVSCTPTVEYPCGKIPILEKRNASKPOGRIWGGKVCPKGECP 
WOWLLLVNGAOLCGGTLINTIWVVSAAHCFDKIKNWRNLIAVLGEHDLSEHDG 
DEOSRRVAOVIIPSTYWPGTTNHDIALLRLHOPVVLTDHVWPLCLPERTFSERTLA 
FVRFSLVSGWGOLLDRGATALELMVLNVPRLMTODCLOOSRKVGDSPNITEYM 
FCAGYSDGSKDSCKGDSGGPHATHYRGTWYLTGIWSWGOGCATVGHFGVYTR 
WSOYIEWLOKLMRSEPRPGVLLRAPFP 
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Factor VII amino acid sequences 

SEQ 
ID 

Name NO: Amino Acid Sequence 

AGYSDGSKDSCKGDSGGPHATHYRGTWYLTGIWSWGOGCATVGHFGVYTRVS 
OYIEWLOKLMRSEPRPGVLLRAPFP 

FWII variant 3 O ANAFLEELRPGSLERECKEEOCSFEEAREIFKDAERTKLFWISYSDGDOCASSPCO 
NGGSCKDOLOSYICFCLPAFEGRNCETHKDDOLICVNENGGCEOYCSDHTGTKR 
SCRCHEGYSLLADGVSCTPTVEYPCGKIPILEKRNASKIEPRSPSOKVCPKGECPW 
QWLLLVNGAOLCGGTLINTIWVVSAAHCFDKIKNWRNLIAVLGEHDLSEHDGDE 
OSRRVAOVIIPSTYWPGTTNHDIALLRLHOPVVLTDHVWPLCLPERTFSERTLAFV 
RFSLVSGWGOLLDRGATALELMVLNVPRLMTODCLOOSRKVGDSPNITEYMFC 
AGYSDGSKDSCKGDSGGPHATHYRGTWYLTGIWSWGOGCATVGHFGVYTRVS 
OYIEWLOKLMRSEPRPGVLLRAPFP 

III). Coagulation Factor Fusion Protein Compositions 

0145 The present invention provides fusion protein com 
positions comprising coagulation factors (CF). One way to 
increase the circulation half-life of a therapeutic protein is to 
reduce the renal clearance of the protein. This may be 
achieved by conjugating the protein to a polymer that S 
capable of conferring an increased molecular size (or hydro 
dynamic radius) to the protein, and hence, reduces renal clear 
ance. Thus, one object of the present invention is to provide 
improved FIX or FVII (or FVIIa) molecules with a longer 
circulation, or terminal half-life (thereby decreasing the num 
ber of necessary administrations) and that retain at least a 
portion of the activity of the native coagulation factors, 
thereby to treat coagulation deficiencies and uncontrolled 
bleedings more efficiently. In one aspect, the invention pro 
vides isolated monomeric fusion proteins of CF comprising 
the full-length sequence or sequence variants of a CF, such as 
FIX or FVII, covalently linked to extended recombinant 
polypeptides (XTEN” or “XTENs). As described more 
fully below, the fusion proteins optionally include spacer 
sequences that further comprise cleavage sequences to 
release the CF from the fusion protein when acted on by a 
protease. 
0146 In one aspect, the invention provides an isolated 
fusion protein comprising at least a first biologically active 
coagulation factor protein covalently linked to one or more 
extended recombinant polypeptides (“XTEN), resulting in a 
fusion protein composition (hereinafter “CFXTEN”). The 
term “CFXTEN”, as used herein, is meant to encompass 
fusion polypeptides that comprise one or more payload 
regions each comprising a biologically active CF that medi 
ates one or more biological or therapeutic activities associ 
ated with a coagulation factor and at least one other region 
comprising at least a first XTEN polypeptide that serves as a 
carrier. In one embodiment, the coagulation factor is FIX or a 
sequence variant of FIX, as disclosed above (including 
sequences with homology to the sequences of Table 1). In 
another embodiment, the coagulation factor is FVII, which 
can include the activated form of FVII, or a sequence variant 
of FVII, as disclosed above (including sequences with homol 
ogy with the sequences of Table 2). In the case of CFXTEN 
compositions of the invention comprising FVII, activation of 
the FVII component may be carried out by exposure to acti 
vated factor X, by auto-activation, or according to procedures 
known in the art, such as those disclosed by Osterud, et al., 

Biochemistry 11:2853-2857 (1972); Thomas, U.S. Pat. No. 
4,456,591; Hedner and Kisiel, J. Clin. Invest. 71:1836-1841 
(1983); or Kisiel and Fujikawa, Behring Inst. Mitt. 73:29-42 
(1983). Alternatively, factor VII can be activated by passing it 
through an ion-exchange chromatography column (see, e.g., 
Bjoernet al. Research Disclosure (1986) 269:564-565), such 
as Mono Q (Pharmacia fine Chemicals) or similar chroma 
tography resins. 
0147 The CF of the subject compositions, particularly 
those disclosed in Tables 1 and 2, together with their corre 
sponding nucleic acid and amino acid sequences, are well 
known in the art and descriptions and sequences are available 
in public databases such as Chemical Abstracts Services 
Databases (e.g., the CAS Registry), GenBank, The Universal 
Protein Resource (UniProt) and subscription provided data 
bases such as GenSeq (e.g., Derwent). Polynucleotide 
sequences may be a wild type polynucleotide sequence 
encoding a given CF (e.g., either full length or mature), or in 
Some instances the sequence may be a variant of the wild type 
polynucleotide sequence (e.g., a polynucleotide which 
encodes the wild type biologically active protein, wherein the 
DNA sequence of the polynucleotide has been optimized, for 
example, for expression in a particular species; or a poly 
nucleotide encoding a variant of the wildtype protein, such as 
a site directed mutant oran allelic variant. It is well within the 
ability of the skilled artisan to use a wild-type or consensus 
cDNA sequence or a codon-optimized variant of a CF to 
create CFXTEN constructs contemplated by the invention 
using methods known in the art and/or in conjunction with the 
guidance and methods provided herein, and described more 
fully in the Examples. 
0.148. The CF for inclusion in the CFXTEN of the inven 
tion include coagulation factors or sequence variants that are 
useful, when administered to a Subject, for mediating or pre 
venting or ameliorating a disease, disorder or condition asso 
ciated with bleeding disorders, coagulation factor deficien 
cies or defects in a coagulation factor. Of particular interest 
are CFXTEN fusion protein compositions for which an 
increase in a pharmacokinetic parameter, increased solubil 
ity, increased Stability, or some other enhanced pharmaceuti 
cal property compared to native CF is sought, or for which 
increasing the terminal half-life would improve efficacy, 
safety, or result in reduced dosing frequency and/or improve 
patient compliance. Thus, the CFXTEN fusion protein com 
positions are prepared with various objectives in mind, 
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including improving the therapeutic efficacy of the bioactive 
CF by, for example, increasing the in Vivo exposure or the 
length that the CFXTEN remains within the therapeutic win 
dow when administered to a subject, compared to a CF not 
linked to XTEN. 
0149. In one embodiment, the CF incorporated into the 
Subject compositions can be a recombinant polypeptide with 
a sequence corresponding to a protein found in nature. In 
another embodiment, the CF is a sequence variant, fragment, 
homolog, or mimetic of a natural sequence that retain at least 
a portion of the biological activity of the native CF. In non 
limiting examples, a CF is a sequence that exhibits at least 
about 80% sequence identity, or alternatively 81%, 82%, 
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, or at least about 99%, or 
100% sequence identity compared to a protein sequence 
selected from Table 1 or from Table 2. In one embodiment, a 
CFXTEN fusion protein comprises a single CF molecule 
linked to a single XTEN (e.g., an XTEN as described more 
fully below). In another embodiment, the CFXTEN com 
prises a first CF and a second molecule of the same CF, 
resulting in a fusion protein comprising the two CF linked to 
one or more XTEN in an N- to C-terminus configuration 
selected from Table 6. In another embodiment, the CFXTEN 
fusion protein comprises a single CF molecule linked to a first 
and a second XTEN, in which the CF is a sequence that 
exhibits at least about 80% sequence identity, or alternatively 
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 
91%, 92%, 93%, 94%, 95%, 96%,97%.98%, or at least about 
99%, or 100% sequence identity compared to a protein 
sequence selected from Table 1 or from Table 2, and the first 
and/or the second XTEN are sequences that exhibits at least 
about 80% sequence identity, or alternatively 81%, 82%, 
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, or at least about 99%, or 
100% sequence identity compared to a sequence selected 
from Table 4. 
0150. The subject CFXTEN of the present invention 
exhibits an enhancement of one or more pharmacokinetic 
parameters compared to the native CF. The CFXTEN with 
enhanced pharmacokinetic parameters permits less frequent 
dosing or an enhanced pharmacologic effect, inlcuding but 
not limited to maintaining the biologically active CFXTEN 
within the therapeutic window between the minimum effec 
tive dose or blood concentration (C) and the maximum 
tolerated dose or blood concentration (C) for a longer 
period of time compared to the CF not linked to XTEN. In 
Such cases, the linking of the CF to a fusion protein compris 
ing a selectXTEN sequence(s) can result in an improvement 
in these properties, making them more useful as therapeutic 
or preventive agents compared to CF not linked to XTEN. In 
some embodiments, the subject CFXTEN of the present 
invention has a cleavage sequence incorporated between the 
CF and the XTEN and the biologic activity of the CF com 
ponent is enhanced by the release of the CF from the fusion 
protein by cleavage of the cleavage sequence by an endog 
enous protease, as described below. 

IV). Xtended Recombinant Polypeptides 
0151. In one aspect, the invention provides XTEN 
polypeptide compositions that are useful as a fusion protein 
partner to which CF is linked, resulting in a CFXTEN fusion 
protein. XTEN are generally extended length polypeptides 
with non-naturally occurring, Substantially non-repetitive 
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sequences that are composed mainly of Small hydrophilic 
amino acids, with the sequence having a low degree or no 
secondary or tertiary structure under physiologic conditions. 
0152 XTENs have utility as a fusion protein partners in 
that they serve as a “carrier, conferring certain desirable 
pharmacokinetic, physicochemical and pharmaceutical prop 
erties when linked to a CF protein to a create a fusion protein. 
Such desirable properties include but are not limited to 
enhanced pharmacokinetic parameters and solubility charac 
teristics of the compositions, amongst other properties 
described herein. Such fusion protein compositions have util 
ity to treat certain coagulation factor-related diseases, disor 
ders or conditions, as described herein. As used herein, 
“XTEN” specifically excludes whole antibodies or antibody 
fragments (e.g. single-chain antibodies and Fc fragments). 
0153. In some embodiments, the XTEN is a long polypep 
tide having greater than about 100 to about 3000 amino acid 
residues when used as a carrier or greater than 400 to about 
3000 residues cumulatively when more than one XTEN unit 
is used in a single fusion protein. In other embodiments, when 
XTEN is used as a linker between fusion protein components 
or where an increase in half-life of the fusion protein is not 
needed but where an increase in solubility or some other 
physico/chemical property for the CF fusion partner compo 
nent is desired, an XTEN sequence shorter than 100 amino 
acid residues, such as about 96, or about 84, or about 72, or 
about 60, or about 48, or about 36 amino acid residues are 
incorporated into a fusion protein composition with the CF to 
effect the property. 
0154 The selection criteria for the XTEN to be linked to 
the biologically active proteins used to create the inventive 
fusion proteins compositions generally relate to attributes of 
physical/chemical properties and conformational structure of 
the XTEN that is, in turn, used to confer enhanced pharma 
ceutical and pharmacokinetic properties to the fusion proteins 
compositions. The XTEN of the present invention exhibits 
one or more of the following advantageous properties: con 
formational flexibility, enhanced aqueous solubility, high 
degree of protease resistance, low immunogenicity, low bind 
ing to mammalian receptors, and increased hydrodynamic (or 
Stokes) radii; properties that make them particularly useful as 
fusion protein partners. Non-limiting examples of the prop 
erties of the fusion proteins comprising CF that are enhanced 
by XTEN include increases in the overall solubility and/or 
metabolic stability, reduced susceptibility to proteolysis, 
reduced immunogenicity, reduced rate of absorption when 
administered subcutaneously or intramuscularly, and 
enhanced pharmacokinetic properties such as longer terminal 
half-life and increased area under the curve (AUC), slower 
absorption after Subcutaneous or intramuscular injection 
(compared to CF not linked to XTEN and administered by a 
similar route) Such that the C is lower, which, in turn, 
results in reductions in adverse effects of the CF that, collec 
tively, results in an increased period of time that a fusion 
protein of a CFXTEN composition administered to a subject 
retains therapeutic activity. 
0.155) A variety of methods and assays are known in the art 
for determining the physical/chemical properties of proteins 
such as the compositions comprising the inventive XTEN. 
Such properties include but are not limited to secondary or 
tertiary structure, Solubility, protein aggregation, melting 
properties, contamination and water content. Such methods 
include analytical centrifugation, EPR, HPLC-ion exchange, 
HPLC-size exclusion, HPLC-reverse phase, light scattering, 
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capillary electrophoresis, circular dichroism, differential 
scanning calorimetry, fluorescence, HPLC-ion exchange, 
HPLC-size exclusion, IR, NMR, Raman spectroscopy, 
refractometry, and UV/Visible spectroscopy. Additional 
methods are disclosed in Arnau, et al., Prot Expr and Purif 
(2006) 48, 1-13. 
0156. In one embodiment, XTEN is designed to behave 
like denatured peptide sequence under physiological condi 
tions, despite the extended length of the polymer. “Dena 
tured describes the state of a peptide in solution that is 
characterized by a large conformational freedom of the pep 
tide backbone. Most peptides and proteins adopt a denatured 
conformation in the presence of high concentrations of dena 
turants or at elevated temperature. Peptides in denatured con 
formation have, for example, characteristic circular dichro 
ism (CD) spectra and are characterized by a lack of long 
range interactions as determined by NMR. “Denatured 
conformation' and “unstructured conformation' are used 
synonymously herein. In some embodiments, the invention 
provides XTEN sequences that, under physiologic condi 
tions, resemble denatured sequences that are largely devoidin 
secondary structure. In other cases, the XTEN sequences are 
Substantially devoid of secondary structure under physiologic 
conditions. "Largely devoid as used in this context, means 
that less than 50% of the XTEN amino acid residues of the 
XTEN sequence contribute to secondary structure as mea 
sured or determined by the means described herein. “Substan 
tially devoid as used in this context, means that at least about 
60%, or about 70%, or about 80%, or about 90%, or about 
95%, or at least about 99% of the XTEN amino acid residues 
of the XTEN sequence do not contribute to secondary struc 
ture, as measured or determined by the methods described 
herein. 

0157. A variety of methods have been established in the art 
to discern the presence or absence of secondary and tertiary 
structures in a given polypeptide. In particular, secondary 
structure can be measured spectrophotometrically, e.g., by 
circular dichroism spectroscopy in the “far-UV spectral 
region (190-250 nm). Secondary structure elements, such as 
alpha-helix and beta-sheet, each give rise to a characteristic 
shape and magnitude of CD spectra. Secondary structure can 
also be predicted for a polypeptide sequence via certain com 
puter programs or algorithms, such as the well-known Chou 
Fasman algorithm (Chou, P.Y., et al. (1974) Biochemistry, 13: 
222-45) and the Garnier-Osguthorpe-Robson (“GOR) algo 
rithm (Garnier J. Gibrat JF, Robson B. (1996), GOR method 
for predicting protein secondary structure from amino acid 
sequence. Methods Enzymol 266:540-553), as described in 
US Patent Application Publication No. 20030228309A1. For 
a given sequence, the algorithms can predict whether there 
exists some or no secondary structure at all, expressed as the 
total and/or percentage of residues of the sequence that form, 
for example, alpha-helices or beta-sheets or the percentage of 
residues of the sequence predicted to result in random coil 
formation (which lacks secondary structure). 
0158. In some embodiments, the XTEN sequences used in 
the Subject fusion protein compositions can have an alpha 
helix percentage ranging from 0% to less than about 5% as 
determined by the Chou-Fasman algorithm. In other cases, 
the XTEN sequences of the fusion protein compositions have 
a beta-sheet percentage ranging from 0% to less than about 
5% as determined by the Chou-Fasman algorithm. In some 
embodiments, the XTEN sequences of the fusion protein 
compositions have an alpha-helix percentage ranging from 
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0% to less than about 5% and a beta-sheet percentage ranging 
from 0% to less than about 5% as determined by the Chou 
Fasman algorithm. In some embodiments, the XTEN 
sequences of the fusion protein compositions have an alpha 
helix percentage less than about 2% and a beta-sheet percent 
age less than about 2%. In other cases, the XTEN sequences 
of the fusion protein compositions have a high degree of 
random coil percentage, as determined by the GOR algo 
rithm. In some embodiments, an XTEN sequence have at 
least about 80%, more preferably at least about 90%, more 
preferably at least about 91%, more preferably at least about 
92%, more preferably at least about 93%, more preferably at 
least about 94%, more preferably at least about 95%, more 
preferably at least about 96%, more preferably at least about 
97%, more preferably at least about 98%, and most preferably 
at least about 99% random coil, as determined by the GOR 
algorithm. 

1. Non-Repetitive Sequences 

0159. In some embodiments, XTEN sequences of the 
compositions are substantially non-repetitive. In general, 
repetitive amino acid sequences have a tendency to aggregate 
or form higher order structures, as exemplified by natural 
repetitive sequences such as collagens and leucine Zippers. 
These repetitive amino acids may also tend to form contacts 
resulting in crystalline or pseudocrystalline structures. In 
contrast, the low tendency of non-repetitive sequences to 
aggregate enables the design of long-sequence XTENS with a 
relatively low frequency of charged amino acids that would 
otherwise be likely to aggregate if the sequences were repeti 
tive. Typically, the CFXTEN fusion proteins compriseXTEN 
sequences of greater than about 100 to about 3000 amino acid 
residues wherein the sequences are substantially non-repeti 
tive. In one embodiment, the XTEN sequences have greater 
than about 100 to about 3000 amino acid residues in which no 
three contiguous amino acids in the sequence are identical 
amino acid types unless the amino acid is serine, in which 
case no more than three contiguous amino acids are serine 
residues. In the foregoing embodiment, the XTEN sequence 
is “substantially non-repetitive.” 
0160 The degree of repetitiveness of a polypeptide or a 
gene can be measured by computer programs or algorithms or 
by other means known in the art. Repetitiveness in a polypep 
tide sequence can, for example, be assessed by determining 
the number of times shorter sequences of a given length occur 
within the polypeptide. For example, a polypeptide of 200 
amino acid residues has 192 overlapping 9-amino acid 
sequences (or 9-mer “frames') and 1983-mer frames, but the 
number of unique 9-mer or 3-mer sequences will depend on 
the amount of repetitiveness within the sequence. A score is 
generated (hereinafter “subsequence score') that is reflective 
of the degree of repetitiveness of the subsequences in the 
overall polypeptide sequence. In the context of the present 
invention, “subsequence score” means the Sum of occur 
rences of each unique 3-mer frame across a 200 consecutive 
amino acid sequence of the polypeptide divided by the abso 
lute number of unique 3-mer subsequences within the 200 
amino acid sequence. Examples of Such subsequence scores 
derived from the first 200 amino acids of repetitive and non 
repetitive polypeptides are presented in Example 44. In some 
embodiments, the present invention provides CFXTEN each 
comprising one or more XTEN in which the XTEN has a 
Subsequence score less than 12, more preferably less than 10, 
more preferably less than 9, more preferably less than 8, more 
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preferably less than 7, more preferably less than 6, and most 
preferably less than 5. In the embodiments hereinabove 
described in this paragraph, an XTEN with a subsequence 
score less than about 10 (i.e., 9, 8, 7, etc.) is “substantially 
non-repetitive.” 
0161 The non-repetitive characteristic of XTEN imparts a 
CF fusion proteins a greater degree of solubility and less 
tendency to aggregate compared to polypeptides having 
repetitive sequences. These properties facilitate the formula 
tion of XTEN-comprising pharmaceutical preparations con 
taining extremely high drug concentrations, in Some cases 
exceeding 100 mg/ml. 
0162. Furthermore, the XTEN polypeptide sequences of 
the embodiments are designed to have a low degree of internal 
repetitiveness in order to reduce or substantially eliminate 
immunogenicity when administered to a mammal. Polypep 
tide sequences composed of short, repeated motifs largely 
limited to three amino acids, such as glycine, serine and 
glutamate, may result in relatively high antibody titers when 
administered to a mammal despite the absence of predicted 
T-cell epitopes in these sequences. This may be caused by the 
repetitive nature of polypeptides, as it has been shown that 
immunogens with repeated epitopes, including protein aggre 
gates, cross-linked immunogens, and repetitive carbohy 
drates are highly immunogenic and can, for example, result in 
the cross-linking of B-cell receptors causing B-cell activa 
tion. (Johansson, J., et al. (2007) Vaccine, 25:1676-82; Yan 
kai, Z. et al. (2006) Biochem Biophy's Res Commun, 345: 
1365-71; Hsu, C. T., et al. (2000) Cancer Res, 60:3701-5); 
Bachmann MF, et al. Eur J. Immunol. (1995). 25(12):3445 
3451). 

2. Exemplary Sequence Motifs 
0163 The present invention encompasses XTEN used as 
fusion partners that comprise multiple units of shorter 
sequences, or motifs, in which the amino acid sequences of 
the motifs are non-repetitive. The non-repetitive criterion can 
be met despite the use of a “building block' approach using a 
library of sequence motifs that are multimerized to create the 
XTEN sequences. Thus, while an XTEN sequence may con 
sist of multiple units of as few as four different types of 
sequence motifs, because the motifs themselves generally 
consist of non-repetitive amino acid sequences, the overall 
XTEN sequence is rendered substantially non-repetitive. 
0164. In one embodiment, XTEN have a non-repetitive 
sequence of greater than about 100 to about 3000 amino acid 
residues wherein at least about 80%, or at least about 85%, or 
at least about 90%, or at least about 95%, or at least about 
97%, or about 100% of the XTEN sequence consists of non 
overlapping sequence motifs, wherein each of the motifs has 
about 9 to 36 amino acid residues. In other embodiments, at 
least about 80%, or at least about 85%, or at least about 90%, 
or at least about 95%, or at least about 97%, or about 100% of 
the XTEN sequence consists of non-overlapping sequence 
motifs wherein each of the motifs has 9 to 14 amino acid 
residues. In still other embodiments, at least about 80%, or at 
least about 85%, or at least about 90%, or at least about 95%, 
or at least about 97%, or about 100% of the XTEN sequence 
component consists of non-overlapping sequence motifs 
wherein each of the motifs has 12 amino acid residues. In 
these embodiments, it is preferred that the sequence motifs be 
composed mainly of small hydrophilic amino acids, such that 
the overall sequence has an unstructured, flexible character 
istic. Examples of amino acids that are included in XTEN are, 
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e.g., arginine, lysine, threonine, alanine, asparagine, 
glutamine, aspartate, glutamate, serine, and glycine. As a 
result of testing variables such as codon optimization, assem 
bly polynucleotides encoding sequence motifs, expression of 
protein, charge distribution and solubility of expressed pro 
tein, and secondary and tertiary structure, it was discovered 
that XTEN compositions with enhanced characteristics 
mainly include glycine (G), alanine (A), serine (S), threonine 
(T), glutamate (E) and proline (P) residues wherein the 
sequences are designed to be substantially non-repetitive. In 
one embodiment, XTEN sequences have predominately four 
to six types of amino acids selected from glycine (G), alanine 
(A), serine (S), threonine (T), glutamate (E) or proline (P) that 
are arranged in a substantially non-repetitive sequence that is 
greater than about 100 to about 3000 amino acid residues, 
preferably greater than 400 to about 3000 residues in length. 
In some embodiments, XTEN have sequences of greater than 
about 100 to about 3000 amino acid residues wherein at least 
about 80% of the sequence consists of non-overlapping 
sequence motifs wherein each of the motifs has 9 to 36 amino 
acid residues wherein each of the motifs consists of 4 to 6 
types of amino acids selected from glycine (G), alanine (A), 
serine (S), threonine (T), glutamate (E) and proline (P), and 
wherein the content of any one amino acid type in the full 
length XTEN does not exceed 30%. In other embodiments, at 
least about 90% of the XTEN sequence consists of non 
overlapping sequence motifs wherein each of the motifs has 9 
to 36 amino acid residues wherein the motifs consist of 4 to 6 
types of amino acids selected from glycine (G), alanine (A), 
serine (S), threonine (T), glutamate (E) and proline (P), and 
wherein the content of any one amino acid type in the full 
length XTEN does not exceed 30%. In other embodiments, at 
least about 90% of the XTEN sequence consists of non 
overlapping sequence motifs wherein each of the motifs has 
12 amino acid residues consisting of 4 to 6 types of amino 
acids selected from glycine (G), alanine (A), serine (S), threo 
nine (T), glutamate (E) and proline (P), and wherein the 
content of any one amino acid type in the full-length XTEN 
does not exceed 30%. In yet other embodiments, at least about 
90%, or about 91%, or about 92%, or about 93%, or about 
94%, or about 95%, or about 96%, or about 97%, or about 
98%, or about 99%, to about 100% of the XTEN sequence 
consists of non-overlapping sequence motifs wherein each of 
the motifs has 12 amino acid residues consisting of glycine 
(G), alanine (A), serine (S), threonine (T), glutamate (E) and 
proline (P), and wherein the content of any one amino acid 
type in the full-length XTEN does not exceed 30%. 
0.165. In still other embodiments, XTENs comprise non 
repetitive sequences of greater than about 100 to about 3000 
amino acid residues wherein at least about 80%, or at least 
about 90%, or about 91%, or about 92%, or about 93%, or 
about 94%, or about 95%, or about 96%, or about 97%, or 
about 98%, or about 99% of the sequence consists of non 
overlapping sequence motifs of 9 to 14 amino acid residues 
wherein the motifs consist of 4 to 6 types of amino acids 
selected from glycine (G), alanine (A), serine (S), threonine 
(T), glutamate (E) and proline (P), and wherein the sequence 
of any two contiguous amino acid residues in any one motif is 
not repeated more than twice in the sequence motif. In other 
embodiments, at least about 90%, or about 91%, or about 
92%, or about 93%, or about 94%, or about 95%, or about 
96%, or about 97%, or about 98%, or about 99% of an XTEN 
sequence consists of non-overlapping sequence motifs of 12 
amino acid residues wherein the motifs consist of 4 to 6 types 
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of amino acids selected from glycine (G), alanine (A), serine 
(S), threonine (T), glutamate (E) and proline (P), and wherein 
the sequence of any two contiguous amino acid residues in 
any one sequence motif is not repeated more than twice in the 
sequence motif. In other embodiments, at least about 90%, or 
about 91%, or about 92%, or about 93%, or about 94%, or 
about 95%, or about 96%, or about 97%, or about 98%, or 
about 99% of an XTEN sequence consists of non-overlapping 
sequence motifs of 12 amino acid residues wherein the motifs 
consist of glycine (G), alanine (A), serine (S), threonine (T), 
glutamate (E) and proline (P), and wherein the sequence of 
any two contiguous amino acid residues in any one sequence 
motif is not repeated more than twice in the sequence motif. 
In yet other embodiments, XTENs consist of 12 amino acid 
sequence motifs wherein the amino acids are selected from 
glycine (G), alanine (A), serine (S), threonine (T), glutamate 
(E) and proline (P), and wherein the sequence of any two 
contiguous amino acid residues in any one sequence motif is 
not repeated more than twice in the sequence motif, and 
wherein the content of any one amino acid type in the full 
length XTEN does not exceed 30%. In the foregoing embodi 
ments hereinabove described in this paragraph, the XTEN 
sequences is Substantially non-repetitive. 
0166 In some embodiments, the invention provides com 
positions comprising non-repetitive XTEN sequence(s) of 
greater than about 100 to about 3000 amino acid residues 
wherein at least about 80%, or at least about 90%, or about 
91%, or about 92%, or about 93%, or about 94%, or about 
95%, or about 96%, or about 97%, or about 98%, or about 
99% to about 100% of the sequence consists of multiple units 
of two or more non-overlapping sequence motifs selected 
from the amino acid sequences of Table 3. In some embodi 
ments, the XTEN comprises non-overlapping sequence 
motifs in which about 80%, or at least about 90%, or about 
91%, or about 92%, or about 93%, or about 94%, or about 
95%, or about 96%, or about 97%, or about 98%, or about 
99% to about 100% of the sequence consists of two or more 
non-overlapping sequences selected from a single motif fam 
ily of Table 3, resulting in a “family’ sequence in which the 
overall sequence remains substantially non-repetitive. 
Accordingly, in these embodiments, an XTEN sequence 
comprises multiple units of non-overlapping sequence motifs 
of the AD motif family, or the AE motif family, or the AF 
motif family, or the AG motif family, or the AM motif family, 
or the AQ motif family, or the BC family, or the BD family of 
sequences of Table 3. In other embodiments, the XTEN com 
prises motif sequences from two or more of the motif families 
of Table 3. 

TABLE 3 

XTEN Sequence Motifs of 12 Amino Acids and 
Motif Families. 

Motif Family * SEQ ID NO: MOTIF SEQUENCE 

AD 31 GESPGGSSGSES 

AD 32 GSEGSSGPGESS 

AD 33 GSSESGSSEGGP 

AD 34 GSGGEPSESGSS 

AE, AM 35 GSPAGSPTSTEE 

AE, AM, AQ 36 GSEPATSGSETP 
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TABLE 3 - continued 

XTEN Sequence Motifs of 12 Amino Acids and 
Motif Families. 

Motif Family * SEQ ID NO : MOTIF SEQUENCE 

AE, AM, AQ 37 GTSESATPESGP 

AE, AM, AQ 38 GTSTEPSEGSAP 

AF, AM 39 GSTSESPSGTAP 

AF, AM 4 O GTSTPESGSASP 

AF, AM 41 GTSPSGESSTAP 

AF, AM 42 GSTSSTAESPGP 

AG AM 43 GTPGSGTASSSP 

AG AM 44 GSSTPSGATGSP 

AG AM 45 GSSPSASTGTGP 

AG AM 46 GASPGTSSTGSP 

AQ 47 GEPAGSPTSTSE 

AQ 48 GTGEPSSTPASE 

AQ 49 GSGPSTESAPTE 

AQ SO GSETPSGPSETA 

AQ 51 GPSETSTSEPGA 

AQ 52 GSPSEPTEGTSA 

BC 53 GSGASEPTSTEP 

BC 54 GSEPATSGTEPS 

BC 55 GTSEPSTSEPGA 

BC 56 GTSTEPSEPGSA 

BD st GSTAGSETSTEA 

BD 58 GSETATSGSETA 

BD 59 GTSESATSESGA 

BD 60 GTSTEASEGSAS 

*Denotes individual motif Sequences that, when used together in 
various permutations, results in a family sequence" 

(0167. In other embodiments, the CFXTEN composition 
comprises a non-repetitive XTEN sequence of greater than 
about 100 to about 3000 amino acid residues, wherein at least 
about 80%, or at least about 90%, or about 91%, or about 
92%, or about 93%, or about 94%, or about 95%, or about 
96%, or about 97%, or about 98%, or about 99% to about 
100% of the sequence consists of non-overlapping 36 amino 
acid sequence motifs selected from one or more of the 
polypeptide sequences of Tables 9-12. 
0.168. In those embodiments wherein the XTEN compo 
nent of the CFXTEN fusion protein has less than 100% of its 
amino acids consisting of four to six amino acid selected from 
glycine (G), alanine (A), serine (S), threonine (T), glutamate 
(E) and proline (P), or less than 100% of the sequence con 
sisting of the sequence motifs of Table 3, or less than 100% 
sequence identity compared with an XTEN from Table 3, the 
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other amino acid residues are selected from any other of the 
14 natural L-amino acids, but are preferentially selected from 
hydrophilic amino acids such that the XTEN sequence con 
tains at least about 90%, or at least about 91%, or at least about 
92%, or at least about 93%, or at least about 94%, or at least 
about 95%, or at least about 96%, or at least about 97%, or at 
least about 98%, or at least about 99% hydrophilic amino 
acids. The XTEN amino acids that are not glycine (G), ala 
nine (A), serine (S), threonine (T), glutamate (E) and proline 
(P) are interspersed throughout the XTEN sequence, are 
located within or between the sequence motifs, or are con 
centrated in one or more short stretches of the XTEN 
sequence. In such cases where the XTEN component of the 
CFXTEN comprises amino acids other than glycine (G), 
alanine (A), serine (S), threonine (T), glutamate (E) and pro 
line (P), it is preferred that the amino acids not be hydropho 
bic residues and should not Substantially confer secondary 
structure of the XTEN component. Hydrophobic residues 
that are less favored in construction of XTEN include tryp 
tophan, phenylalanine, tyrosine, leucine, isoleucine, Valine, 
and methionine. Additionally, one can design the XTEN 
sequences to contain few (e.g. less than 5%) or none of the 
following amino acids: cysteine (to avoid disulfide formation 
and oxidation), methionine (to avoid oxidation), asparagine 
and glutamine (to avoid desamidation). Thus, in some 
embodiments, the XTEN component of the CFXTEN fusion 
protein comprising other amino acids in addition to glycine 
(G), alanine (A), serine (S), threonine (T), glutamate (E) and 
proline (P) would have a sequence with less than 5% of the 
residues contributing to alpha-helices and beta-sheets as mea 
sured by the Chou-Fasman algorithm and have at least 90%, 
or at least about 95% or more random coil formation as 
measured by the GOR algorithm. 

3. Length of Sequence 

0169. In another aspect of the present invention, the inven 
tion encompasses CFXTEN compositions comprising carri 
ers of XTEN polypeptides with extended length sequences. 
The present invention makes use of the discovery that increas 
ing the length of the non-repetitive, unstructured polypep 
tides enhances the unstructured nature of the XTENs and 
correspondingly enhances the biological and pharmacoki 
netic properties of fusion proteins comprising the XTEN 
carrier. As described more fully in the Examples, proportional 
increases in the length of the XTEN, even if created by a fixed 
repeat order of single family sequence motifs (e.g., the four 
AE motifs of Table 3), result in a sequence with a higher 
percentage of random coil formation, as determined by GOR 
algorithm, compared to shorter XTEN lengths. In general, 
increasing the length of the unstructured polypeptide fusion 
partner, as described in the Examples, results in a fusion 
protein with a disproportionate increase in terminal half-life 
compared to fusion proteins with unstructured polypeptide 
partners with shorter sequence lengths. 
0170 Non-limiting examples of XTEN contemplated for 
inclusion in the CFXTEN of the invention are presented in 
Table 4, below. In one embodiment, the invention provides 
CFXTEN compositions wherein the XTEN sequence length 
of the fusion protein(s) is greater than about 100 to about 3000 
amino acid residues, and in Some cases is greater than 400 to 
about 3000 amino acid residues, wherein the XTEN confers 
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enhanced pharmacokinetic properties on the CFXTEN in 
comparison to CF not linked to XTEN. In some embodi 
ments, the XTEN sequences of the CFXTEN compositions of 
the present invention can be about 100, or about 144, or about 
288, or about 401, or about 500, or about 600, or about 700, or 
about 800, or about 900, or about 1000, or about 1500, or 
about 2000, or about 2500 or up to about 3000 amino acid 
residues in length. In other cases, the XTEN sequences can be 
about 100 to 150, about 150 to 250, about 250 to 400, 401 to 
about 500, about 500 to 900, about 900 to 1500, about 1500 to 
2000, or about 2000 to about 3000 amino acid residues in 
length. In one embodiment, the CFXTEN can comprise an 
XTEN sequence wherein the sequence exhibits at least about 
80% sequence identity, or alternatively 81%, 82%, 83%, 
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 
94%. 95%, 96%,97%.98%, 99%, or 100% sequence identity 
compared to a XTEN selected from Table 4. In some embodi 
ments, the XTEN sequence is designed for optimized expres 
sion as the N-terminal component of the CFXTEN by inclu 
sion of encoding nucleotides for an optimized N-terminal 
leader sequence (NTS) in the XTEN portion of the gene 
encoding the fusion protein. In one embodiment, the N-ter 
minalXTEN sequence of the expressed CFXTEN has at least 
90% sequence identity compared to the sequence of AE48 or 
AM48, AE624, or AE912 or AM923. In another embodiment, 
the XTEN has the N-terminal residues described in Examples 
14-17. 

(0171 In other embodiments, the CFXTEN fusion protein 
comprises a first and a second XTEN sequence, wherein the 
cumulative total of the residues in the XTEN sequences is 
greater than about 400 to about 3000 amino acid residues and 
the XTEN can be identical or they can be different in 
sequence. In embodiments of the foregoing, the CFXTEN 
fusion protein comprises a first and a second XTEN sequence 
wherein the sequences each exhibit at least about 80% 
sequence identity, or alternatively 81%, 82%. 83%, 84%, 
85%. 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 
95%, 96%, 97%, 98%, 99%, or 100% sequence identity com 
pared to at least a first or additionally a second XTEN selected 
from Table 4. Examples where more than one XTEN is used 
in a CFXTEN composition include, but are not limited to 
constructs with an XTEN linked to both the N- and C-termini 
of at least one CF. 

0172. As described more fully below, the invention pro 
vides methods in which the CFXTEN is designed by selecting 
the length of the XTEN to confer a target half-life on a fusion 
protein administered to a subject. In general, XTEN lengths 
longer that about cumulative 400 residues incorporated into 
the CFXTEN compositions result in longer half-life com 
pared to shorter cumulative lengths; e.g., shorter than about 
280 residues. However, in another embodiment, CFXTEN 
fusion proteins are designed to comprise XTEN with a longer 
sequence length that is selected to additionally confer slower 
rates of systemic absorption after Subcutaneous or intramus 
cular administration to a subject. In such embodiments, the 
C is reduced in comparison to a comparable dose of a CF 
not linked to XTEN, thereby contributing to the ability to 
keep the CFXTEN within the therapeutic window for the 
composition. Thus, the XTEN confers the property of a depot 
to the administered CFXTEN, in addition to the other physi 
cal/chemical properties described herein. 
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TABLE 4 - continued 

XTEN Polypeptides 

XTEN SEO ID 
Name NO: Amino Acid Sequence 

ATPESGPGSPAGSPTSTEEGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGT 
SESATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGSTSSTAESPGPGSTSESPSGTAP 
GTSPSGESSTAPGSTSESPSGTAPGSTSESPSGTAPGTSPSGESSTAPGTSTEPSEGS 
APGTSESATPESGPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTSESAT 
PESGPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSPSGESSTAPGTSPS 
GESSTAPGTSPSGESSTAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGSS 
PSASTGTGPGSSTPSGATGSPGSSTPSGATGSPGSSTPSGATGSPGSSTPSGATGSP 
GASPGTSSTGSPGASASGAPSTGGTSPSGESSTAPGSTSSTAESPGPGTSPSGESST 
APGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGSSPSASTGTGPGSSTPSG 
ATGSPGASPGTSSTGSPGTSTPESGSASPGTSPSGESSTAPGTSPSGESSTAPGTSES 
ATPESGPGSEPATSGSETPGTSTEPSEGSAPGSTSESPSGTAPGSTSESPSGTAPGTS 
TPESGSASPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEG 
TSESATPESGPGSEPATSGSETPGSSTPSGATGSPGASPGTSSTGSPGSSTPSGATG 
SPGSTSESPSGTAPGTSPSGESSTAPGSTSSTAESPGPGSSTPSGATGSPGASPGTSS 
TGSPGTPGSGTASSSPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAP 

BC 864 8 O GTSTEPSEPGSAGTSTEPSEPGSAGSEPATSGTEPSGSGASEPTSTEPGSEPATSGT 
EPSGSEPATSGTEPSGSEPATSGTEPSGSGASEPTSTEPGTSTEPSEPGSAGSEPATS 
GTEPSGTSTEPSEPGSAGSEPATSGTEPSGSEPATSGTEPSGTSTEPSEPGSAGTSTE 
PSEPGSAGSEPATSGTEPSGSEPATSGTEPSGTSEPSTSEPGAGSGASEPTSTEPGTS 
EPSTSEPGAGSEPATSGTEPSGSEPATSGTEPSGTSTEPSEPGSAGTSTEPSEPGSA 
GSGASEPTSTEPGSEPATSGTEPSGSEPATSGTEPSGSEPATSGTEPSGSEPATSGT 
EPSGTSTEPSEPGSAGSEPATSGTEPSGSGASEPTSTEPGTSTEPSEPGSAGSEPATS 
GTEPSGSGASEPTSTEPGTSTEPSEPGSAGSGASEPTSTEPGSEPATSGTEPSGSGA 
SEPTSTEPGSEPATSGTEPSGSGASEPTSTEPGTSTEPSEPGSAGSEPATSGTEPSGS 
GASEPTSTEPGTSTEPSEPGSAGSEPATSGTEPSGTSTEPSEPGSAGSEPATSGTEPS 
GTSTEPSEPGSAGTSTEPSEPGSAGTSTEPSEPGSAGTSTEPSEPGSAGTSTEPSEPG 
SAGTSTEPSEPGSAGTSEPSTSEPGAGSGASEPTSTEPGTSTEPSEPGSAGTSTEPSE 
PGSAGTSTEPSEPGSAGSEPATSGTEPSGSGASEPTSTEPGSEPATSGTEPSGSEPA 
TSGTEPSGSEPATSGTEPSGSEPATSGTEPSGTSEPSTSEPGAGSEPATSGTEPSGS 
GASEPTSTEPGTSTEPSEPGSAGSEPATSGTEPSGSGASEPTSTEPGTSTEPSEPGSA 

BD864. 81 GSETATSGSETAGTSESATSESGAGSTAGSETSTEAGTSESATSESGAGSETATSG 

SETAGSETATSGSETAGTSTEASEGSASGTSTEASEGSASGTSESATSESGAGSET 
ATSGSETAGTSTEASEGSASGSTAGSETSTEAGTSESATSESGAGTSESATSESGA 
GSETATSGSETAGTSESATSESGAGTSTEASEGSASGSETATSGSETAGSETATSG 

SETAGTSTEASEGSASGSTAGSETSTEAGTSESATSESGAGTSTEASEGSASGSET 
ATSGSETAGSTAGSETSTEAGSTAGSETSTEAGSETATSGSETAGTSESATSESGA 
GTSESATSESGAGSETATSGSETAGTSESATSESGAGTSESATSESGAGSETATSG 

SETAGSETATSGSETAGTSTEASEGSASGSTAGSETSTEAGSETATSGSETAGTSE 
SATSESGAGSTAGSETSTEAGSTAGSETSTEAGSTAGSETSTEAGTSTEASEGSAS 
GSTAGSETSTEAGSTAGSETSTEAGTSTEASEGSASGSTAGSETSTEAGSETATSG 

SETAGTSTEASEGSASGTSESATSESGAGSETATSGSETAGTSESATSESGAGTSE 
SATSESGAGSETATSGSETAGTSESATSESGAGSETATSGSETAGTSTEASEGSAS 
GTSTEASEGSASGSTAGSETSTEAGSTAGSETSTEAGSETATSGSETAGTSESATS 

ESGAGTSESATSESGAGSETATSGSETAGSETATSGSETAGSETATSGSETAGTST 
EASEGSASGTSESATSESGAGSETATSGSETAGSETATSGSETAGTSESATSESGA 
GTSESATSESGAGSETATSGSETA 

Y288 82 GEGSGEGSEGEGSEGSGEGEGSEGSGEGEGGSEGSEGEGGSEGSEGEGGSEGSEG 
EGSGEGSEGEGGSEGSEGEGSGEGSEGEGSEGGSEGEGGSEGSEGEGSGEGSEGE 

GGEGGSEGEGSEGSGEGEGSGEGSEGEGSEGSGEGEGSGEGSEGEGSEGSGEGE 
GSEGSGEGEGGSEGSEGEGSEGSGEGEGGEGSGEGEGSGEGSEGEGGGEGSEGE 
GSGEGGEGEGSEGGSEGEGGSEGGEGEGSEGSGEGEGSEGGSEGEGSEGGSEGE 

GSEGSGEGEGSEGSGE 

Yst 6 83 GEGSGEGSEGEGSEGSGEGEGSEGSGEGEGGSEGSEGEGSEGSGEGEGGEGSGE 

GEGSGEGSEGEGGGEGSEGEGSGEGGEGEGSEGGSEGEGGSEGGEGEGSEGSGE 
GEGSEGGSEGEGSEGGSEGEGSEGSGEGEGSEGSGEGEGSEGSGEGEGSEGSGEG 
EGSEGGSEGEGGSEGSEGEGSGEGSEGEGGSEGSEGEGGGEGSEGEGSGEGSEG 

EGGSEGSEGEGGSEGSEGEGGEGSGEGEGSEGSGEGEGSGEGSEGEGSEGSGEG 
EGSEGSGEGEGGSEGSEGEGSGEGSEGEGSEGSGEGEGSEGSGEGEGGSEGSEGE 
GGSEGSEGEGGSEGSEGEGGEGSGEGEGSEGSGEGEGSGEGSEGEGSEGSGEGE 

GSEGSGEGEGGSEGSEGEGSEGSGEGEGGEGSGEGEGSGEGSEGEGGGEGSEGE 
GSEGSGEGEGSEGSGEGEGSEGGSEGEGGSEGSEGEGSEGGSEGEGSEGGSEGEG 

SEGSGEGEGSEGSGEGEGSGEGSEGEGGSEGGEGEGSEGGSEGEGSEGGSEGEG 
GEGSGEGEGGGEGSEGEGSEGSGEGEGSGEGSE 
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4. XTEN Segments 
0173. In one embodiment, the invention provides an iso 
lated CFXTEN fusion protein wherein the cumulative length 
of the XTEN component is greater than about 100 to about 
3000 amino acid residues containing at least one polypeptide 
sequence segment selected from Tables 4, 9, 10, 11, 12, and 
13 and wherein at least about 90%, or at least about 91%, or 
at least about 92%, or at least about 93%, or at least about 
94%, or at least about 95%, or at least about 96%, or at least 
about 97%, or at least about 98% or more of the remainder of 
the XTEN sequence contains hydrophilic amino acids and 
less than about 2% of the remainder of the XTEN consists of 
hydrophobic or aromatic amino acids or cysteine. In some 
embodiments, the XTEN contains multiple segments 
wherein the segments are identical or different. In another 
embodiment, the invention provides an isolated CFXTEN 
fusion protein wherein the cumulative length of the XTEN 
component is greater than about 100 to about 3000 amino acid 
residues and comprises at least one sequence segment of at 
least about 100 to about 923, or at least about 100 to about 
875, or at least about 100 to about 576, or at least about 100 to 
about 288, or at least about 100 to about 144 amino acid 
residues wherein the sequence segment(s) consists of at least 
three different types of amino acids and the sum of glycine 
(G), alanine (A), serine (S), threonine (T), glutamate (E) and 
proline (P) residues in the sequence segment(s) constitutes at 
least about 90%, or at least about 91%, or at least about 92%, 
or at least about 93%, or at least about 94%, or at least about 
95%, or at least about 96%, or at least about 97%, or at least 
about 98%, or at least about 99% of the total amino acid 
sequence of the sequence segment and at least about 90%, or 
at least about 91%, or at least about 92%, or at least about 
93%, or at least about 94%, or at least about 95%, or at least 
about 96%, or at least about 97%, or at least about 98% of the 
remainder of the XTEN sequence(s) consist of hydrophilic 
amino acids and less than about 2% of the remainder of the 
XTEN sequence(s) consists of hydrophobic or aromatic 
amino acids, or cysteine. In another embodiment, the inven 
tion provides an isolated CFXTEN fusion protein wherein the 
cumulative length of the XTEN component is greater than 
about 100 to about 3000 amino acid residues and comprises at 
least one sequence segment of at least about 200 to about 923, 
or at least about 200 to about 875, or at least about 200 to 
about 576, or at least about 200 to about 288 amino acid 
residues wherein the sequence segment(s) the Sum of glycine 
(G), alanine (A), serine (S), threonine (T), glutamate (E) and 
proline (P) residues in the sequence segment(s) constitutes at 
least about 90%, or at least about 91%, or at least about 92%, 
or at least about 93%, or at least about 94%, or at least about 
95%, or at least about 96%, or at least about 97%, or at least 
about 98%, or at least about 99% of the total amino acid 
sequence of the sequence segment and wherein the Subse 
quence score of the segment is less than 12, more preferably 
less than 10, more preferably less than 9, more preferably less 
than 8, more preferably less than 7, more preferably less than 
6, and most preferably less than 5, and at least about 90%, or 
at least about 91%, or at least about 92%, or at least about 
93%, or at least about 94%, or at least about 95%, or at least 
about 96%, or at least about 97%, or at least about 98% of the 
remainder of the XTEN sequence(s) consist of hydrophilic 
amino acids and less than about 2% of the remainder of the 
XTEN sequence(s) consists of hydrophobic, aromatic or cys 
teine amino acids. 

5. N-Terminal XTEN Expression-Enhancing Sequences 
0.174. In some embodiments, the invention provides a 
short-length XTEN sequence incorporated as the N-terminal 
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portion of the CFXTEN fusion protein. It has been discovered 
that the expression of the fusion protein is enhanced in a host 
cell transformed with a Suitable expression vector comprising 
an optimized N-terminal leader polynucleotide sequence 
(that encodes the N-terminal XTEN) incorporated into the 
polynucleotide encoding the binding fusion protein. As 
described in Examples 14-17, a host cell transformed with 
Such an expression vector comprising an optimized N-termi 
nal leader sequence (NTS) in the binding fusion protein gene 
results in greatly-enhanced expression of the fusion protein 
compared to the expression of a corresponding fusion protein 
from a polynucleotide not comprising the NTS, and obviates 
the need for incorporation of a non-XTEN leader sequence 
used to enhance expression. In one embodiment, the inven 
tion provides CFXTEN fusion proteins comprising an NTS 
wherein the expression of the binding fusion protein from the 
encoding gene in a host cell is enhanced about 50%, or about 
75%, or about 100%, or about 150%, or about 200%, or about 
400% compared to expression of a CFXTEN fusion protein 
not comprising the N-terminal XTEN sequence (where the 
encoding gene lacks the NTS). 
0.175. In one embodiment, the N-terminalXTEN polypep 
tide of the CFXTEN comprises a sequence that exhibits at 
least about 80%, more preferably at least about 90%, more 
preferably at least about 91%, more preferably at least about 
92%, more preferably at least about 93%, more preferably at 
least about 94%, more preferably at least about 95%, more 
preferably at least about 96%, more preferably at least about 
97%, more preferably at least about 98%, more preferably at 
least 99%, or exhibits 100% sequence identity compared to 
the amino acid sequence of AE48 or AM48, the respective 
amino acid sequences of which are as follows: 

AE48: 

(SEQ ID NO : 61) 
MAEPAGSPTSTEEGTPGSGTASSSPGSSTPSGATGSPGASPGTSSTGS 

AM48: 

(SEQ ID NO: 62) 
MAEPAGSPTSTEEGASPGTSSTGSPGSSTPSGATGSPGSSTPSGATGS 

0176 Inanother embodiment, the short-length N-terminal 
XTEN is linked to an XTEN of longer length to form the 
N-terminal region of the CFXTEN fusion protein, wherein 
the polynucleotide sequence encoding the short-length N-ter 
minal XTEN confers the property of enhanced expression in 
the host cell, and wherein the long length of the expressed 
XTEN contributes to the enhanced properties of the XTEN 
carrier in the fusion protein, as described above. In the fore 
going, the short-length XTEN is linked to any of the XTEN 
disclosed herein (e.g., an XTEN of Table 3) and the resulting 
XTEN, in turn, is linked to the N-terminal of any of the CF 
disclosed herein (e.g., a CF of Table 1 or Table 2) as a com 
ponent of the fusion protein. Alternatively, polynucleotides 
encoding the short-length XTEN (or its complement) is 
linked to polynucleotides encoding any of the XTEN (or its 
complement) disclosed herein and the resulting gene encod 
ing the N-terminal XTEN, in turn, is linked to the 5' end of 
polynucleotides encoding any of the CF (or to the 3' end of its 
complement) disclosed herein. In some embodiments, the 
N-terminal XTEN polypeptide with long length exhibits at 
least about 80%, or at least about 90%, or at least about 91%, 
or at least about 92%, or at least about 93%, or at least about 
94%, or at least about 95%, or at least about 96%, or at least 
about 97%, or at least about 98%, or at least 99%, or exhibits 
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100% sequence identity compared to an amino acid sequence 
selected from the group consisting of the sequences AE624, 
AE912, and AM923. 
0177. In any of the foregoing N-terminal XTEN embodi 
ments described above, the N-terminalXTEN can have from 
about one to about six additional amino acid residues, pref 
erably selected from GESTPA, to accommodate the restric 
tion endonuclease restriction sites that is employed to join the 
nucleotides encoding the N-terminal XTEN to the gene 
encoding the targeting moiety of the fusion protein. The 
methods for the generation of the N-terminal sequences and 
incorporation into the fusion proteins of the invention are 
described more fully in the Examples. 

6. Net Charge 
0178. In other embodiments, the XTEN polypeptides have 
an unstructured characteristic imparted by incorporation of 
amino acid residues with a net charge and/or reducing the 
proportion of hydrophobic amino acids in the XTEN 
sequence. The overall net charge and net charge density is 
controlled by modifying the content of charged amino acids 
in the XTEN sequences. In some embodiments, the net charge 
density of the XTEN of the compositions may be above +0.1 
or below -0.1 charges/residue. By “net charge density’ of a 
protein or peptide herein is meant the net charge divided by 
the total number of amino acids in the protein or proptide. In 
other embodiments, the net charge density of a XTEN can be 
about 0%, about 1%, about 2%, about 3%, about 4%, about 
5%, about 6%, about 7%, about 8%, about 9%, about 10% 
about 11%, about 12%, about 13%, about 14%, about 15%, 
about 16%, about 17%, about 18%, about 19%, or about 20% 
O. O. 

0179 Since most tissues and surfaces in a human orani 
mal have a net negative charge, in Some embodiments, the 
XTEN sequences are designed to have a net negative charge 
to minimize non-specific interactions between the XTEN 
containing compositions and various Surfaces such as blood 
vessels, healthy tissues, or various receptors. Not to be bound 
by a particular theory, the XTEN can adopt open conforma 
tions due to electrostatic repulsion between individual amino 
acids of the XTEN polypeptide that individually carry a net 
negative charge and that are distributed across the sequence of 
the XTEN polypeptide. Such a distribution of net negative 
charge in the extended sequence lengths of XTEN can lead to 
an unstructured conformation that, in turn, can result in an 
effective increase in hydrodynamic radius. In preferred 
embodiments, the negative charge is conferred by incorpora 
tion of glutamic acid residues. Accordingly, in one embodi 
ment the invention provides XTEN in which the XTEN 
sequences contain about 8, 10, 15, 20, 25, or even about 30% 
glutamic acid. Generally, the glutamic residues is spaced 
uniformly across the XTEN sequence. In some cases, the 
XTEN can contain about 10-80, or about 15-60, or about 
20-50 glutamic residues per 20 kDa of XTEN that can result 
in an XTEN with charged residues that would have very 
similar pKa, which can increase the charge homogeneity of 
the product and sharpen its isoelectric point, enhance the 
physicochemical properties of the resulting CFXTEN fusion 
protein for, and hence, simplifying purification procedures. 
0180. The XTEN of the compositions of the present inven 
tion generally have no or a low content of positively charged 
amino acids. In some embodiments, the XTEN may have less 
than about 10% amino acid residues with a positive charge, or 
less than about 7%, or less than about 5%, or less than about 
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2%, or less than about 1% amino acid residues with a positive 
charge. However, the invention contemplates constructs 
where a limited number of amino acids with a positive charge, 
Such as lysine, are incorporated into XTEN to permit conju 
gation between the epsilon amine of the lysine and a reactive 
group on a peptide, a linker bridge, or a reactive group on a 
drug or small molecule to be conjugated to the XTEN back 
bone. In one embodiment of the foregoing, the XTEN has 
between about 1 to about 100 lysine residues, or about 1 to 
about 70 lysine residues, or about 1 to about 50 lysine resi 
dues, or about 1 to about 30 lysine residues, or about 1 to 
about 20 lysine residues, or about 1 to about 10 lysine resi 
dues, or about 1 to about 5 lysine residues, or alternatively 
only a single lysine residue. Using the foregoing lysine-con 
taining XTEN, fusion proteins are constructed that comprises 
XTEN, a coagulation factor, plus a chemotherapeutic agent 
useful in the treatment of growth-related diseases or disor 
ders, wherein the maximum number of molecules of the agent 
incorporated into the XTEN component is determined by the 
numbers of lysines or other amino acids with reactive side 
chains (e.g., cysteine) incorporated into the XTEN. 
0181. In some embodiments, the XTEN sequence com 
prises charged residues separated by other residues such as 
serine or glycine, which leads to better expression or purifi 
cation behavior. Based on the net charge, some XTENs have 
an isoelectric point (pl) of 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 
5.0, 5.5, 6.0, or even 6.5. In preferred embodiments, the 
XTEN will have an isoelectric point between 1.5 and 4.5. In 
these embodiments, the XTEN incorporated into the CFX 
TEN fusion protein compositions of the present invention 
carry a net negative charge under physiologic conditions that 
contribute to the unstructured conformation and reduced 
binding of the XTEN component to mammalian proteins and 
tissues. 
0182. As hydrophobic amino acids impart structure to a 
polypeptide, the invention provides that the content of hydro 
phobic amino acids in the XTEN will typically be less than 
5%, or less than 2%, or less than 1% hydrophobic amino acid 
content. In one embodiment, the amino acid content of 
methionine and tryptophan in the XTEN component of a 
CFXTEN fusion protein is typically less than 5%, or less than 
2%, and most preferably less than 1%. In another embodi 
ment, the XTEN will have a sequence that has less than 10% 
amino acid residues with a positive charge, or less than about 
7%, or less that about 5%, or less than about 2% amino acid 
residues with a positive charge, the sum of methionine and 
tryptophan residues will be less than 2%, and the sum of 
asparagine and glutamine residues will be less than 10% of 
the total XTEN sequence. 

7. Low Immunogenicity 
0183 In another aspect, the invention provides composi 
tions in which the XTEN sequences have a low degree of 
immunogenicity or are substantially non-immunogenic. Sev 
eral factors can contribute to the low immunogenicity of 
XTEN, e.g., the non-repetitive sequence, the unstructured 
conformation, the high degree of solubility, the low degree or 
lack of self-aggregation, the low degree or lack of proteolytic 
sites within the sequence, and the low degree or lack of 
epitopes in the XTEN sequence. 
0.184 Conformational epitopes are formed by regions of 
the protein Surface that are composed of multiple discontinu 
ous amino acid sequences of the protein antigen. The precise 
folding of the protein brings these sequences into a well 
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defined, stable spatial configurations, or epitopes, that can be 
recognized as “foreign' by the hosthumoral immune system, 
resulting in the production of antibodies to the protein or the 
activation of a cell-mediated immune response. In the latter 
case, the immune response to a protein in an individual is 
heavily influenced by T-cell epitope recognition that is a 
function of the peptide binding specificity of that individual's 
HLA-DR allotype. Engagement of a MHC Class II peptide 
complex by a cognate T-cell receptor on the Surface of the 
T-cell, together with the cross-binding of certain other co 
receptors such as the CD4 molecule, can induce an activated 
state within the T-cell. Activation leads to the release of cytok 
ines further activating other lymphocytes such as B cells to 
produce antibodies or activating Tkiller cells as a full cellular 
immune response. 
0185. The ability of a peptide to bind a given MHC Class 
II molecule for presentation on the surface of an APC (antigen 
presenting cell) is dependent on a number of factors; most 
notably its primary sequence. In one embodiment, a lower 
degree of immunogenicity is achieved by designing XTEN 
sequences that resistantigen processing in antigen presenting 
cells, and/or choosing sequences that do not bind MHC recep 
tors well. The invention provides CFXTEN fusion proteins 
with substantially non-repetitive XTEN polypeptides 
designed to reduce binding with MHC II receptors, as well as 
avoiding formation of epitopes for T-cell receptor orantibody 
binding, resulting in a low degree of immunogenicity. Avoid 
ance of immunogenicity can attribute to, at least in part, a 
result of the conformational flexibility of XTEN sequences: 
i.e., the lack of secondary structure due to the selection and 
order of amino acid residues. For example, of particular inter 
est are sequences having a low tendency to adapt compactly 
folded conformations in aqueous solution or under physi 
ologic conditions that could result in conformational 
epitopes. The administration of fusion proteins comprising 
XTEN, using conventional therapeutic practices and dosing, 
would generally not result in the formation of neutralizing 
antibodies to the XTEN sequence, and also reduce the immu 
nogenicity of the CF fusion partner in the CFXTEN compo 
sitions. 

0186. In one embodiment, the XTEN sequences utilized in 
the subject fusion proteins can be substantially free of 
epitopes recognized by human T cells. The elimination of 
Such epitopes for the purpose of generating less immunogenic 
proteins has been disclosed previously; see for example WO 
98/52976, WO 02/079232, and WO 00/3317 which are incor 
porated by reference herein. Assays for human T cell epitopes 
have been described (Stickler, M., et al. (2003) J Immunol 
Methods, 281: 95-108). Of particular interest are peptide 
sequences that can be oligomerized without generating T cell 
epitopes or non-human sequences. This is achieved by testing 
direct repeats of these sequences for the presence of T-cell 
epitopes and for the occurrence of 6 to 15-mer and, in par 
ticular, 9-mer sequences that are not human, and then altering 
the design of the XTEN sequence to eliminate or disrupt the 
epitope sequence. In some embodiments, the XTEN 
sequences are Substantially non-immunogenic by the restric 
tion of the numbers of epitopes of the XTEN predicted to bind 
MHC receptors. With a reduction in the numbers of epitopes 
capable of binding to MHC receptors, there is a concomitant 
reduction in the potential for T cell activation as well as T cell 
helper function, reduced B cell activation or upregulation and 
reduced antibody production. The low degree of predicted 
T-cell epitopes can be determined by epitope prediction algo 
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rithms such as, e.g., TEPITOPE (Sturniolo, T., et al. (1999) 
Nat Biotechnol, 17: 555-61), as shown in Example 45. The 
TEPITOPE score of a given peptide frame within a protein is 
the log of the K (dissociation constant, affinity, off-rate) of 
the binding of that peptide frame to multiple of the most 
common human MHC alleles, as disclosed in Sturniolo, T. et 
al. (1999) Nature Biotechnology 17:555). The score ranges 
over at least 20 logs, from about 10 to about -10 (correspond 
ing to binding constraints of 10e'K to 10e'K), and can 
be reduced by avoiding hydrophobic amino acids that serve as 
anchor residues during peptide display on MHC, such as M. 
I, L. V. F. In some embodiments, an XTEN component incor 
porated into a CFXTEN does not have a predicted T-cell 
epitope at a TEPITOPE score of about -5 or greater, or -6 or 
greater, or -7 or greater, or -8 or greater, or at a TEPITOPE 
score of -9 or greater. As used herein, a score of “-9 or 
greater” would encompass TEPITOPE scores of 10 to -9. 
inclusive, but would not encompass a score of -10, as -10 is 
less than -9. 

0187. In another embodiment, the inventive XTEN 
sequences, including those incorporated into the Subject 
CFXTEN fusion proteins, are rendered substantially non 
immunogenic by the restriction of known proteolytic sites 
from the sequence of the XTEN, reducing the processing of 
XTEN into small peptides that can bind to MHC II receptors. 
In another embodiment, the XTEN sequence is rendered sub 
stantially non-immunogenic by the use a sequence that is 
Substantially devoid of secondary structure, conferring resis 
tance to many proteases due to the high entropy of the struc 
ture. Accordingly, the reduced TEPITOPE score and elimi 
nation of known proteolytic sites from the XTEN render the 
XTEN compositions, including the XTEN of the CFXTEN 
fusion protein compositions, Substantially unable to be bound 
by mammalian receptors, including those of the immune 
system. In one embodiment, an XTEN of a CFXTEN fusion 
protein can have >100 nM K binding to a mammalian recep 
tor, or greater than 500 nM K, or greater than 1 MK, 
towards a mammalian cell Surface or circulating polypeptide 
receptor. 
0188 Additionally, the non-repetitive sequence and cor 
responding lack of epitopes of XTEN limit the ability of B 
cells to bind to or be activated by XTEN. A repetitive 
sequence is recognized and can form multivalent contacts 
with even a few B cells and, as a consequence of the cross 
linking of multiple T-cell independent receptors, can stimu 
late B cell proliferation and antibody production. In contrast, 
while a XTEN can make contacts with many different B cells 
over its extended sequence, each individual B cell may only 
make one or a small number of contacts with an individual 
XTEN due to the lack of repetitiveness of the sequence. Not 
being to be bound by any theory, XTENs typically have a 
much lower tendency to stimulate proliferation of B cells and 
thus an immune response. In one embodiment, the CFXTEN 
have reduced immunogenicity as compared to the corre 
sponding CF that is not fused to an XTENT. In one embodi 
ment, the administration of up to three parenteral doses of a 
CFXTEN to a mammal result in detectable anti-CFXTEN 
IgG at a serum dilution of 1:100 but not at a dilution of 
1:1000. In another embodiment, the administration of up to 
three parenteral doses of a CFXTEN to a mammal result in 
detectable anti-CFIgG at a serum dilution of 1:100 but not at 
a dilution of 1:1000. In another embodiment, the administra 
tion of up to three parenteral doses of a CFXTEN to a mam 
mal result in detectable anti-XTEN IgG at a serum dilution of 
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1:100 but notata dilution of 1:1000. In the foregoing embodi 
ments, the mammal can be a mouse, a rat, a rabbit, or a 
cynomolgus monkey. 
(0189 An additional feature of XTENs with non-repetitive 
sequences relative to sequences with a high degree of repeti 
tiveness is non-repetitive XTENs form weaker contacts with 
antibodies. Antibodies are multivalent molecules. For 
instance, IgGs have two identical binding sites and IgMS 
contain 10 identical binding sites. Thus antibodies against 
repetitive sequences can form multivalent contacts with Such 
repetitive sequences with high avidity, which can affect the 
potency and/or elimination of Such repetitive sequences. In 
contrast, antibodies against non-repetitive XTENs may yield 
monovalent interactions, resulting in less likelihood of 
immune clearance such that the CFXTEN compositions can 
remain in circulation for an increased period of time. 

8. Increased Hydrodynamic Radius 
0190. In another aspect, the present invention provides 
XTEN in which the XTEN polypeptides have a high hydro 
dynamic radius that confers a corresponding increased appar 
ent molecular weight to the CFXTEN fusion protein incor 
porating the XTEN. As detailed in Example 38, the linking of 
XTEN to CF sequences, such as FIX or FVII sequences, 
results in CFXTEN compositions that can have increased 
hydrodynamic radii, increased apparent molecular weight, 
and increased apparent molecular weight factor compared to 
a CF not linked to an XTEN. For example, in therapeutic 
applications in which prolonged half-life is desired, compo 
sitions in which a XTEN with a high hydrodynamic radius is 
incorporated into a fusion protein comprising CF can effec 
tively enlarge the hydrodynamic radius of the composition 
beyond the glomerular pore size of approximately 3-5 mm 
(corresponding to an apparent molecular weight of about 70 
kDA, which is larger than both native FIX and FVII) (Cal 
iceti. 2003. Pharmacokinetic and biodistribution properties of 
poly(ethylene glycol)-protein conjugates. Adv Drug Deliv 
Rev 55:1261-1277), resulting in reduced renal clearance of 
circulating proteins. The hydrodynamic radius of a protein is 
determined by its molecular weight as well as by its structure, 
including shape or compactness. Not to be bound by a par 
ticular theory, the XTEN can adopt open conformations due 
to electrostatic repulsion between individual charges of the 
peptide or the inherent flexibility imparted by the particular 
amino acids in the sequence that lack potential to confer 
secondary structure. The open, extended and unstructured 
conformation of the XTEN polypeptide can have a greater 
proportional hydrodynamic radius compared to polypeptides 
of a comparable sequence length and/or molecular weight 
that have secondary and/or tertiary structure. Such as typical 
globular proteins. Methods for determining the hydrody 
namic radius are well known in the art, Such as by the use of 
size exclusion chromatography (SEC), as described in U.S. 
Pat. Nos. 6,406,632 and 7,294,513. As the results of Example 
38 demonstrate, the addition of increasing lengths of XTEN 
results in proportional increases in the parameters of hydro 
dynamic radius, apparent molecular weight, and apparent 
molecular weight factor, permitting the tailoring of CFXTEN 
to desired characteristic cut-off apparent molecular weights 
or hydrodynamic radii. Accordingly, in certain embodiments, 
the CFXTEN fusion protein can be configured with an XTEN 
Such that the fusion protein can have a hydrodynamic radius 
of at least about 5 nm, or at least about 8 nm, or at least about 
10 nm, or 12 nm, or at least about 15 nm. In the foregoing 
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embodiments, the large hydrodynamic radius conferred by 
the XTEN in an CFXTEN fusion protein can lead to reduced 
renal clearance of the resulting fusion protein, leading to a 
corresponding increase in terminal half-life, an increase in 
mean residence time, and/or a decrease in renal clearance 
rate. 

(0191 In another embodiment, an XTEN of a chosen 
length and sequence (e.g., a sequence from Table 4 or a 
sequence variant thereof) can be selectively incorporated into 
a CFXTEN to create a fusion protein that have, under physi 
ologic conditions, an apparent molecular weight of at least 
about 500 kDa, or at least about 800 kDa, or at least about 
1000 kDa, or at least about 1500 kDA, or at least about 1800 
kDa, or at least about 2000 kDa, or at least about 2300 kDa or 
more. In another embodiment, an XTEN of a chosen length 
and sequence can be selectively linked to a CF to result in a 
CFXTEN fusion protein that has, under physiologic condi 
tions, an apparent molecular weight factor of at least four, 
alternatively of at least five, alternatively of at least six, alter 
natively of at least eight, alternatively of at least 10, alterna 
tively of at least 15, oran apparent molecular weight factor of 
at least 20 or greater. In another embodiment, the CFXTEN 
fusion protein has, under physiologic conditions, an apparent 
molecular weight factor that is about 4 to about 20, or is about 
6 to about 15, or is about 8 to about 12, or is about 9 to about 
10 relative to the actual molecular weight of the fusion pro 
tein. 

V). CFXTEN Variants, Structural Configurations and Prop 
erties 

0.192 The CF of the subject compositions are not limited 
to native, full-length FIX or FVII polypeptides, but also 
include recombinant versions as well as biologically and/or 
pharmacologically active forms with sequence variants, com 
binations of FVII and FIX sequences, or fragments thereof. 
For example, it will be appreciated that various amino acid 
deletions, insertions and substitutions can be made in the CF 
to create variants without departing from the spirit of the 
invention with respect to the biological activity or pharmaco 
logic properties of the CF. Examples of conservative substi 
tutions foramino acids in polypeptide sequences are shown in 
Table 5. However, in embodiments of the CFXTEN in which 
the sequence identity of the CF is less than 100% compared to 
a specific sequence disclosed herein, the invention contem 
plates substitution of any of the other 19 natural L-amino 
acids for a given amino acid residue of the given CF (e.g., FIX 
or FVII), which may beat any position within the sequence of 
the CF, including adjacent amino acid residues. If any one 
Substitution results in an undesirable change in biological 
activity, then one of the alternative amino acids can be 
employed and the construct evaluated by the methods 
described herein, or using any of the techniques and guide 
lines for conservative and non-conservative mutations set 
forth, for instance, in U.S. Pat. No. 5,364,934, the contents of 
which is incorporated by reference in its entirety, or using 
methods generally known in the art. In addition, variants can 
include, for instance, polypeptides wherein one or more 
amino acid residues are added or deleted at the N- or C-ter 
minus of the full-length native amino acid sequence of a CF 
that retains some if not all of the biological activity of the 
native peptide; e.g., the ability to activate another coagulation 
factor and/or participate in the coagulation cascade, leading 
to fibrin formation and hemostasis. 
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0193 In one embodiment, a factor IX incorporated into a 
CFXTEN fusion protein has a sequence that exhibits at least 
about 80% sequence identity compared to a sequence from 
Table 1, alternatively at least about 81%, or about 82%, or 
about 83%, or about 84%, or about 85%, or about 86%, or 
about 87%, or about 88%, or about 89%, or about 90%, or 
about 91%, or about 92%, or about 93%, or about 94%, or 
about 95%, or about 96%, or about 97%, or about 98%, or 
about 99%, Sequence identity as compared with a sequence 
from Table 1. 

0194 In one embodiment, a factor VII incorporated into a 
CFXTEN fusion protein has a sequence that exhibits at least 
about 80% sequence identity compared to a sequence from 
Table 2, alternatively at least about 81%, or about 82%, or 
about 83%, or about 84%, or about 85%, or about 86%, or 
about 87%, or about 88%, or about 89%, or about 90%, or 
about 91%, or about 92%, or about 93%, or about 94%, or 
about 95%, or about 96%, or about 97%, or about 98%, or 
about 99%, Sequence identity as compared with a sequence 
from Table 2. 

TABLE 5 

Exemplary conservative amino acid substitutions 

Original Residue Exemplary Substitutions 

Ala (A) val; leu; ile 
Arg (R) lys; gln; asn 
ASn (N) gin; his; lys; arg 
Asp (D) Glu 
Cys (C) Ser 
Glin (Q) ASn 
Glu (E Asp 
Gly (G) Pro 
His (H) aSn: gin: lys: arg 
XIle (I) leu; val; met; ala; phe: norleucine 
Leu (L) norleucine: ile: val; met; ala: phe 
Lys (K) arg: gin: asn 
Met (M) leu; phe; ille 
Phe (F) leu: val: ile; ala 
Pro (P) Gly 
Ser (S) Thr 
Thr (T) Ser 
Trp (W) Tyr 
Tyr (Y) Trp: phe: thr: ser 
Val (V) Ile; leu; met; phe; ala; norleucine 

1. Internal XTEN Sequences 

(0195 The present invention encompasses CFXTEN that 
comprise one or more XTEN sequences located internal to 
the CF sequence. The one or more internally-located XTEN 
can be a sequence length of 36 to 21000 amino acid residues. 
In some embodiments, the CFXTEN can have one or two or 
three or four or more XTEN sequences with at least about 
80% sequence identity, or alternatively 81%, 82%, 83%, 
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 
94%. 95%, 96%,97%.98%, 99%, or 100% sequence identity 
compared to one or more XTEN selected from Tables 4, 9, 10. 
11, 12 and 13 wherein the XTEN sequences are located 
internal to the CF sequence. In one embodiment of the fore 
going, the CFXTEN with one or more internal XTEN has an 
additional XTEN located at the N- or C-terminus of the fusion 
protein with at least about 80% sequence identity, or alterna 
tively 81%, 82%, 83%, 84%, 85%. 86%, 87%, 88%, 89%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 
100% sequence identity compared to one or more XTEN 
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selected from Table 4. In another embodiment, the invention 
provided CFXTEN with internal XTEN (as detailed below) 
that further comprises a C-terminus XTEN linked to the CF 
by a cleavage sequence (e.g., a cleavage sequence of Table 7) 
such that the XTEN can be released when acted on by a 
protease. The linkage of XTEN by cleavage sequences is 
more fully described below and in the Examples. 
0196. In some embodiments, as illustrated in FIG. 2 and 
described more fully in the Examples, an XTEN can be 
located between the domains of a FIX sequence; e.g., 
between the Gla and EGF1, or between the EGF1 and EGF2, 
or between the EGF2 and the activation peptide, or within the 
sequence of the activation peptide between the R145-A146 
and R180-V181 activation peptide residues of the AP (i.e., 
between any two amino acids of the sequence TVFPD 
VDYVNSTEAETILDNITQSTQSFNDF (SEQID NO: 84)), 
or between the EGF2 and the activation peptide, or between 
the activation peptide and the protease domain, or any com 
bination of the foregoing. In other embodiments, as illus 
trated in FIG. 2 and detailed more fully in the Examples, the 
XTEN can be inserted within an existing loop sequence 
within an individual domain of the FIX sequence so that 1) the 
XTEN forms a looped structure outside the domain and 
doesn’t disrupt the normal architecture of the domain; and 2) 
the XTEN can be released by cleavage of incorporated cleav 
age sites. 
0.197 In another embodiment, the invention provides a 
CFXTEN comprising a FVII that incorporates one or more 
XTEN located between the domains of a FVII sequence; e.g., 
between the Gla and EGF1, or between the EGF1 and EGF2, 
or between the EGF2 and the activating peptide, or between 
the activating peptide and the protease domain, or any com 
bination of the foregoing. The XTEN can be a sequence of 36 
to >1000 amino acid residues including, but not limited to a 
sequence that has at least about 80%, or at least about 85%, or 
at least about 90%, or at least about 95% or more sequence 
identity compared to a sequence from Table 4, 8, 9, 10, 11, 12, 
and 13. In one embodiment, as illustrated in FIGS. 5 and 6, an 
XTEN is incorporated between the EGF2 domain and the 
single lytic cleavage site at residues Arg'°-Ile'. In other 
embodiments, as illustrated in FIGS. 5 and 6 and detailed 
more fully in the Examples, the XTEN can be inserted within 
an existing loop sequence within an individual domain of the 
FVII sequence so that 1) the XTEN forms a looped structure 
outside the domain and doesn’t disrupt the normal architec 
ture of the domain; and 2) the XTEN can be released by 
cleavage of incorporated cleavage sites. 

2. Factor VII-FIX Hybrid Sequence Variants 
0198 The invention provides an isolated factor VII 
polypeptide comprising at least one heterologous sequence 
that is cleavable by a pro-coagulant protease that does not 
activate a wildtype factor VII, wherein upon cleavage heter 
ologous sequence, the factor VII polypeptide is activated. For 
example, CFXTEN with factor VII-factor IX hybrid sequence 
variants that incorporate into, or replace a portion of the 
sequence, a factor VII construct portions of the activating 
peptide domain (AP) sequence from factor IX, resulting in 
hybrid compositions that can be activated as part of the intrin 
sic system of the coagulation cascade. The CFXTEN that 
incorporate Such factor VII-factor IX sequence variants as the 
CF component of the fusion protein permit administration to 
a Subject a composition in which the CF component is not 
activated, and can be dosed at high amounts because it 
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remains as an inert, circulating depot that is largely resistant 
to inactivation by protease inhibitors until activated by the 
triggering of the intrinsic coagulation cascade or by auto 
activation, the latter a slow process. Non-limiting examples of 
FVII/FIX hybrid sequences are illustrated in FIG. 36, show 
ing those portions of the hybrid amino acid sequences that 
have homology with those of native FIX and FVII. In some 
embodiments, the CFXTEN comprise factor VII-factor IX 
sequence variants that Substitute portions or the entirety of the 
FIX activating peptide sequence with one or both FIX AP 
cleavage sites for FVII sequence to the N-terminal side of the 
protease domain of FVII; i.e., either towards the N-terminus 
beginning with the arginine at position 212 of the full-length 
precursor polypeptide or the isoleucine at position 213. In one 
embodiment, the factor VII-factor IX sequence CF incorpo 
rates the full-length FIX AP domain plus at least about 2, or at 
least about 3, or at least about 4, or at least about 5, or at least 
about 6, or at least about 7, or at least about 8, or at least about 
9, or at least about 10, or at least about 11, or at least about 12 
amino acids flanking adjacent amino acid residues on one or 
both sides of the R145-A146 and R180-V181 cleavage sites 
of FIX (e.g., the sequence RVSVSQTSKLTRAETVFPD 
VDYVNSTEAETILDNITQSTQSFNDFTRVVGGE (SEQ 
ID NO: 1) in the case of 12 flanking amino acids on the 
N-terminus side and 5 flanking amino acids on the C-termi 
nus side). In another embodiment, the CFXTEN comprises a 
factor VII-factor IX sequence variant that incorporates a por 
tion of the AP that includes a sequence of at least about 2, or 
at least about 3, or at least about 4, or at least about 5 that flank 
the R145-A146 AP cleavage site (e.g., the sequence TSKL 
TRAETVFP (SEQID NO:3) in the case of 6 flanking amino 
acids on either side of the cleavage site). In another embodi 
ment, the CFXTEN comprises a factor VII-factor IX 
sequence variant that incorporates a portion of the AP that 
includes a sequence of at least about 2, or at least about 3, or 
at least about 4, or at least about 5 amino acids that flank one 
or both sides of the R180-V181 AP cleavage site (e.g., the 
sequence and DFTRV (SEQID NO: 4) in the case of 4 amino 
acids on the N-terminal flank and valine as the C-terminus of 
the cleavage site from FIX). In another embodiment, the 
CFXTEN comprises the factor VII-factor IX sequence variant 
of any of the foregoing embodiments of this paragraph that 
further includes the same AP sequence as a linker between the 
C-terminus of the FVII component and the XTEN component 
of the fusion protein; e.g., an N- to C-terminus configuration 
of FVII variant-AP sequence-XTEN, thereby permitting the 
release of the factor VII-factor IX sequence variant compo 
nent from the CFXTEN fusion protein by the same intrinsic 
coagulation factor as per that of the FVII to FVIIa transition. 
In another embodiment, the CFXTEN comprises the factor 
VII-factor IX sequence variant of any of the foregoing 
embodiments of this paragraph that further includes the factor 
XI cleavage sequence KLTRAET (SEQ ID NO: 6) as the 
linker between the FVII variant sequence and the XTEN, 
thereby permitting the release of the factor VII-factor IX 
sequence variant component from the CFXTEN fusion pro 
tein by the initiation of the intrinsic coagulation cascade. It is 
expected d that with the release of the XTEN from the factor 
VII-factor IX sequence variant, the activated factor VII-factor 
IX sequence variant would have a shorter half-life compared 
to the intact CFXTEN, thereby increasing the margin of 
safety and tolerability of the composition in a subject. In the 
embodiments of the paragraph, the activated factor VII-factor 
IX sequence variant molecule can have at least about 60%, or 
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at least about 70%, or at least about 80%, or at least about 
90%, or at least about 95% of the biological activity as native 
FVIIa, as measured by any of the appropriate assays or 
parameters disclosed herein (e.g., PT or bleeding time 
assays). 
0199. In yet another embodiment, the invention provides 
the factor VII-factor IX sequence variants of the foregoing 
embodiments of this paragraph without a linked XTEN, per 
mitting their administration to a subject as a circulating depot 
of the factor VII-factor IX hybrid that can be activated by 
either the intrinsic or extrinsic coagulation cascade. In one 
embodiment, the invention provides a CFXTEN with a factor 
VII-factor IX sequence variant with incorporated FIX-de 
rived sequence with an overall sequence that exhibits at least 
about 80% sequence identity, or at least about 85%, or at least 
about 90%, or at least about 95%, or at least about 96%, or at 
least about 97%, or at least about 98%, or at least about 99%, 
sequence identity compared to a sequence from Table 43. In 
another embodiment, the invention provides a factor VII 
factor IX sequence variant with incorporated FIX-derived 
cleavage sequence (without an XTEN) with a sequence that 
exhibits at least about 80% sequence identity, or at least about 
85%, or at least about 90%, or at least about 95%, or at least 
about 96%, or at least about 97%, or at least about 98%, or at 
least about 99%, sequence identity as compared with a 
sequence from Table 43 without an XTEN. 
(0200. The CFXTEN comprising factor VII-factor IX 
sequence variants can be evaluated for biological activity 
using assays or in vivo parameters as described herein (e.g., in 
vitro coagulation assays or a pharmacodynamic effect in a 
hemophilia model), and those sequences that retain at least 
about 40%, or about 50%, or about 55%, or about 60%, or 
about 70%, or about 80%, or about 90%, or about 95% or 
more activity compared to the corresponding native FVII 
sequence is considered suitable for inclusion in the Subject 
CFXTEN. The CF found to retain a suitable level of activity 
can be linked to one or more XTEN polypeptides described 
hereinabove. In one embodiment, a CF found to retain a 
suitable level of activity can be linked to one or more XTEN 
polypeptides having at least about 80% sequence identity to a 
sequence from Table 4, alternatively at least about 81%, 82%, 
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, 99%, or about 100% 
sequence identity as compared with a sequence of Table 4. 
resulting in a chimeric fusion protein. 

3. CFXTEN Fusion Protein Configurations 
0201 The invention provides CFXTEN fusion protein 
compositions with the CF and XTEN components linked in 
specific N- to C-terminus configurations. In some embodi 
ments, one or more CFs are linked to one or more XTENs, 
either at the N-terminus or at the C-terminus, with or without 
a spacer, to form a block copolymer, and the sequential 
arrangement of the CFs and the XTENs in the CFXTEN 
fusion protein are the same as the configuration known in the 
block copolymer chemistry. When there is more than one CF, 
XTEN, or spacer, each of the CF, the XTEN, or the spacer 
have the same or different sequences, and the CFs and/or 
XTENs are linked either continuously or alternately (regular 
or irregular). Thus, in all of the formulae provided herein, 
when there is more than one CF, XTEN, or spacer, each of the 
CF, XTEN, and spacer are the same or different. In some 
embodiments, the CFXTEN is a monomeric fusion protein 
with a CF linked to one XTEN polypeptide. In other embodi 
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ments, the CFXTEN is a monomeric fusion protein with a CF 
linked to two or more XTEN polypeptides. In still other 
embodiments, the CFXTEN is a monomeric fusion protein 
with two or more CF linked to one XTEN polypeptide. In still 
other embodiments, the CFXTEN is a monomeric fusion 
protein with two or more CF linked to two or more XTEN 
polypeptide. In still other embodiment, the CFXTEN is a 
monomeric fusion protein with a single CF in which XTEN is 
located within the CF sequence (e.g., within a FIX sequence 
such as between one or more domains as illustrated in FIGS. 
2 and 5). Table 6 provides non-limiting examples of configu 
rations that are encompassed by the CFXTEN fusion proteins 
of the invention; numerous other variations will be apparent 
to the ordinarily skilled artisan, including the incorporation 
the spacer and cleavage sequences disclosed herein or known 
in the art. 

TABLE 6 

CFXTEN configurations 

Components' Configuration** 

Single CF; Single XTEN CF-XTEN 
XTEN-CF 
XTEN-CF-XTEN 
CF-XTEN-XTEN 
XTEN-XTEN-CF 
XTEN-CF-XTEN-XTEN 
XTEN-XTEN-CF-XTEN 
XTEN-XTEN-CF-XTEN 
CF-XTEN-CF 
XTEN-CF-CF 
CF-CF-XTEN 
CF-XTEN-CF-CF 
CF-XTEN-CF-XTEN 
XTEN-CF-XTEN-CF 
XTEN-XTEN-CF-XTEN-CF 
XTEN-XTEN-CF-CF 
CF-XTEN-XTEN-CF 
CF-CF-XTEN-XTEN 
CF-CF-XTEN-XTEN-CF 
CF-XTEN-CF-XTEN-CF 

Single CF; Multiple XTEN 

Multiple CF, Single XTEN 

Multiple CF; Multiple XTEN 

Characterized as single for 1 component or multiple for 2 or more of that component 
**Reflects N- to C-terminus configuration of the growth factor and XTEN components 

0202 The invention contemplates CFXTEN fusion pro 
teins compositions comprising, but not limited to single or 
multiple CF selected from Table 1 or Table 2 (or fragments or 
sequence variants thereof), single or multiple XTEN selected 
from Table 4 (or sequence variants thereof) that are in a 
configuration shown in Table 6. Non-limiting examples of 
sequences of fusion proteins containing a single CF linked to 
a single XTEN are presented in Table 41. In one embodiment, 
a CFXTEN composition would comprise a fusion protein 
having at least about 80% sequence identity compared to a 
CFXTEN from Table 41, alternatively at least about 81%, 
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or about 100% 
sequence identity as compared to a CFXTEN from Table 41. 
Generally, the resulting CFXTEN retains at least a portion of 
the biological activity of the corresponding CF not linked to 
the XTEN. In the foregoing fusion proteins hereinabove 
described in this paragraph, the CFXTEN fusion protein can 
further comprise a cleavage sequence from Table 7; the cleav 
age sequence being located between the CF and the XTEN or 
between adjacent CF (if more than one CF is included in the 
CFXTEN). In some cases, the CFXTEN comprising the 
cleavage sequences will also have one or more spacer 
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sequence amino acids between the CF and the cleavage 
sequence or the XTEN and the cleavage sequence to facilitate 
access of the protease; the spaceramino acids comprising any 
natural amino acid, including glycine and alanine as preferred 
amino acids. Non-limiting examples of CFXTEN comprising 
CF. XTEN, cleavage sequence(s) and spaceramino acids are 
presented in Table 42. However, the invention also contem 
plates substitution of any of the CF sequences of Tables 1 and 
2 for a CF sequence of Table 42, substitution of any XTEN 
sequence of Table 4 for an XTEN sequence of Table 42, and 
Substitution of any cleavage sequence of Table 7 for a cleav 
age sequence of Table 42. In CFXTEN embodiments having 
one or more cleavage sequences, the CF component either 
becomes biologically active or has an increase in activity 
upon its release from the XTEN by cleavage of the cleavage 
sequence(s), described more fully below. 
(0203. In one embodiment of the CFXTEN composition, 
the invention provides a fusion protein of formula I: 

(XTEN)-CF-CXTEN), I 

wherein independently for each occurrence, CF is a coagula 
tion factor; x is either 0 or 1 and y is either 0 or 1 wherein 
x+y21; and XTEN is an extended recombinant polypeptide. 
0204. In another embodiment of the CFXTEN composi 
tion, the invention provides a fusion protein of formula II: 

(XTEN)-(CF)-(S)-(XTEN), II 

wherein independently for each occurrence, CF is a coagula 
tion factora: S is a spacer sequence having between 1 to about 
50 amino acid residues that can optionally include a cleavage 
sequence; x is either 0 or 1 and y is either 0 or 1 wherein 
x+y21; and XTEN is an extended recombinant polypeptide. 
(0205. In another embodiment of the CFXTEN composi 
tion, the invention provides an isolated fusion protein, 
wherein the fusion protein is of formula III: 

(XTEN)-(S)-(CF)-(S)-(XTEN), III 

wherein independently for each occurrence, CF is a coagula 
tion factor, S is a spacer sequence having between 1 to about 
50 amino acid residues that can optionally include a cleavage 
sequence; x is either 0 or 1 and y is either 0 or 1 wherein 
x+y21; and XTEN is an extended recombinant polypeptide. 
(0206. In another embodiment of the CFXTEN composi 
tion, the invention provides an isolated fusion protein of for 
mula IV: 

wherein independently for each occurrence, Gla is a Gla 
domain of FIX; EGF1 is an EGF1 domain of FIX; EGF2 is an 
EFG2 domain of FIX: AP is an activator peptide of FIX: PRO 
is a protease domain of FIX; S is a spacer sequence having 
between 1 to about 50 amino acid residues that can optionally 
include a cleavage sequence; u is either 0 or 1; V is either 0 or 
1; x is either 0 or 1; y is either 0 or 1, Z is either 0 or 1, with the 
proviso that u+V+x+Z21; and XTEN is an extended recom 
binant polypeptide. 
0207. In another embodiment of the CFXTEN composi 
tion, the invention provides an isolated fusion protein of for 
mula V: 

wherein independently for each occurrence, Gla is a Gla 
domain of FIX; EGF1 is an EGF1 domain of FIX; EGF2 is an 
EFG2 domain of FIX: AP1 is the N-terminal sequence por 
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tion of the activator peptide domain of FIX that includes a first 
native cleavage sequence of the AP domain; AP2 is the C-ter 
minal sequence portion of the activator peptide domain of 
FIX that includes a second native cleavage sequence of the AP 
domain: PRO is a protease domain of FIX; S is a spacer 
sequence having between Ito about 50 amino acid residues 
that can optionally include a cleavage sequence; u is either 0 
or 1; V is either 0 or 1; w is 0 or 1, x is either 0 or 1; y is either 
0 or 1; Z is either 0 or 1 with the proviso that u+V+w-X+Z21; 
and XTEN is an extended recombinant polypeptide. 
0208. In another embodiment of the CFXTEN composi 
tion, the invention provides an isolated fusion protein of for 
mula VI: 

(Gla)-(XTEN)-(EGF1)-(XTEN)-(EGF2)-(XTEN)- 
(Pro)-(S)-(XTEN), VI 

wherein independently for each occurrence, Gla is a Gla 
domain of FVII: EGF1 is an EGF1 domain of FVII: EGF2 is 
an EFG2 domain of FVII: PRO is a protease domain of FVII: 
S is a spacer sequence having between 1 to about 50 amino 
acid residues that can optionally include a cleavage sequence; 
u is either 0 or 1; V is either 0 or 1; x is either 0 or 1; y is either 
0 or 1; and XTEN is an extended recombinant polypeptide. 
0209. In another embodiment of the CFXTEN composi 
tion, the invention provides an isolated fusion protein of for 
mula VII: 

wherein independently for each occurrence, Gla is a Gla 
domain of FVII: EGF1 is an EGF1 domain of FVII: EGF2 is 
an EFG2 domain of FVII: PRO is a protease domain of FVII: 
AP1 is the N-terminal sequence portion of the activator pep 
tide domain of FIX that includes the native cleavage 
sequence; AP2 is the C-terminal sequence portion of the 
activator peptide domain of FIX that includes the native 
cleavage sequence; S is a spacer sequence having between 1 
to about 50 amino acid residues that can optionally include a 
cleavage sequence; t is either 0 or 1; u is either 0 or 1; V is 
either 0 or 1; x is either 0 or 1; y is either 0 or 1; Z is either 0 
or 1; and XTEN is an extended recombinant polypeptide. In 
the embodiment, the factor VII variant includes can include 
one or both cleavage sequences from the activator peptide 
domain of factor IX; e.g., a sequence of at least about 2, or at 
least about 3, or at least about 4, or at least about 5 amino acids 
that flank the R145-A146 cleavage site (e.g., the sequence 
TSKLTRAETVFP (SEQID NO:3) in the case of 5 flanking 
amino acids) and the sequence of at least about 2, or at least 
about 3, or at least about 4, or at least about 5 amino acids that 
flank the R180-V181 cleavage site (e.g., the sequence FND 
FTRVVGGED (SEQ ID NO: 85) in the case of 5 flanking 
amino acids, as described more fully above. The invention 
also contemplates Substitution of any of the other cleavage 
sequences of Table 7 for the AP sequences of the factor VII 
variant. 
0210. The embodiments of formulae V and VI encompass 
CFXTEN configurations of factor IX and factor VII, respec 
tively, wherein one or more XTEN of lengths ranging from 
about 36 amino acids to 21000 amino acids (e.g., sequences 
selected from Tables 4, and 9-13) are inserted and linked 
between adjoining domains of the factor IX or the factor VII 
sequence, respectively. The invention contemplates all pos 
sible permutations of insertions of XTEN between the 
domains of either FIX or FVII with optional linking of an 
additional XTEN to the C-terminus of the FIX or the FVII, 
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optionally via an additional cleavage sequence selected from 
Table 7, resulting in a CFXTEN composition; non-limiting 
examples of which are portrayed in FIGS. 2, 5 and 6. In the 
foregoing embodiments hereinabove described in this para 
graph, the CFXTEN fusion proteins can be evaluated for 
retention of biological activity (including after cleavage of 
any incorporated XTEN-releasing cleavage sites) using any 
appropriate in vitro assay disclosed herein (e.g., the assays of 
Table 40 or the assays described in the Examples), to deter 
mine the Suitability of the configuration for use as a therapeu 
tic agent in the treatment of a coagulation-factor related dis 
ease, disorder or condition. 
0211. In some embodiments, administration of atherapeu 
tically effective amount of a fusion protein of one of formulae 
I-VII to a subject in need thereof results in an increase of at 
least two-fold in the terminal half-life, or at least three-fold, or 
at least four-fold, or at least five-fold, or at least 10-fold, or at 
least 20-fold, or at least 40-fold, or at least 100-fold increase 
in the terminal half-life for the fusion protein compared to the 
corresponding CF not linked to the XTEN and administered 
at a comparable amount administered to a Subject. In some 
embodiments, administration of a therapeutically effective 
amount of a fusion protein of one of formulae I-VII to a 
Subject in need thereof results in a gain in time of at least 
two-fold, or at least three-fold, or at least four-fold, or at least 
five-fold, or at least 10-fold, or at least 20-fold, or at least 
40-fold, or at least 100-fold or more spent within atherapeutic 
window for the fusion protein compared to the corresponding 
CF not linked to the XTEN and administered at a comparable 
amount administered to a Subject. In other embodiments, 
administration of a therapeutically effective dose of a fusion 
protein of one of formulae I-VII to a subject in need thereof 
can result in again in time between consecutive doses neces 
sary to maintain a therapeutically effective blood level of the 
fusion protein of at least 48 h, or at least 72 h, or at least about 
96 h, or at least about 120h, or at least about 7 days, or at least 
about 14 days, or at least about 21 days between consecutive 
doses compared to a CF not linked to XTEN and administered 
at a comparable dose. 
0212 Any spacer sequence group optionally is introduced 
to a Subject fusion protein encompassed by the invention. The 
spacer is provided to enhance expression of the fusion protein 
from a host cell or to decrease steric hindrance such that the 
CF component may assume its desired tertiary structure and/ 
or interact appropriately with its target Substrate. For spacers 
and methods of identifying desirable spacers, see, for 
example, George, et al. (2003) Protein Engineering 15:871 
879, specifically incorporated by reference herein. In one 
embodiment, the spacer comprises one or more peptide 
sequences that are between 1-50 amino acid residues in 
length, or about 1-25 residues, or about 1-10 residues in 
length. Spacer sequences, exclusive of cleavage sites, can 
comprise any of the 20 natural Lamino acids, and will pref 
erably comprise hydrophilic amino acids that are sterically 
unhindered that can include, but not be limited to, glycine (G), 
alanine (A), serine (S), threonine (T), glutamate (E) and pro 
line (P). In some cases, the spacer can be polyglycines or 
polyalanines, or is predominately a mixture of combinations 
of glycine and alanine residues. The spacer polypeptide 
exclusive of a cleavage sequence is largely to Substantially 
devoid of secondary structure; e.g., less than about 10%, or 
less than about 5% as determined by the Chou-Fasman and/or 
GOR algorithms. In one embodiment, a spacer sequence in a 
CFXTEN fusion protein composition further contains one or 
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more cleavage sequences, which are identical or different, 
wherein the cleavage sequence may be acted on by a protease 
to release the CF from the fusion protein. 
0213. In some embodiments, the incorporation of the 
cleavage sequence into the CFXTEN is designed to permit 
release of a CF that becomes active or more active upon its 
release from the XTEN; e.g., the enzymatic activity of the CF 
component increases. In one embodiment of the foregoing, 
the CF that becomes active after release is a FIX or a sequence 
variant thereof. In another embodiment of the foregoing, the 
CF that becomes active after release is a FVII or a sequence 
variant thereof. The cleavage sequences are located Suffi 
ciently close to the CF sequences, generally within 18, or 
within 12, or within 6, or within 2 amino acids of the CF 
sequence terminus, such that any remaining residues attached 
to the CF after cleavage do not appreciably interfere with the 
activity (e.g., such as binding to a ligand or substrate) of the 
CF, yet provide sufficient access to the protease to be able to 
effect cleavage of the cleavage sequence. In some embodi 
ments, the cleavage site is a sequence that can be cleaved by 
a protease endogenous to the mammalian Subject Such that 
the CFXTEN can be cleaved after administration to a subject. 
In such cases, the CFXTEN can serve as a prodrug or a 
circulating depot for the CF. In one embodiment, the CF that 
is released from the fusion protein by cleavage of the cleavage 
sequence exhibits at least about a two-fold, or at least about a 
three-fold, or at least about a four-fold, or at least about a 
five-fold, or at least about a six-fold, or at least about a 
eight-fold, or at least about a ten-fold, or at least about a 
20-fold increase in enzymatic activity for its native substrate 
compared to the intact CFXTEN fusion protein. 
0214) Examples of cleavage sites contemplated by the 
invention include, but are not limited to, a polypeptide 
sequence cleavable by a mammalian endogenous protease 
selected from FXIa, FXIIa, kallikrein, FVIIa, FIXa, FXa. FIIa 
(thrombin), Elastase-2, granzyme B. MMP-12, MMP-13, 
MMP-17 or MMP-20, or by non-mammalian proteases such 
as TEV, enterokinase, PreScissionTM protease (rhinovirus 3C 
protease), and Sortase A. Sequences known to be cleaved by 
the foregoing proteases and others are known in the art. 
Exemplary cleavage sequences and cut sites within the 
sequences are presented in Table 7, as well as sequence vari 
ants thereof. For example, thrombin (activated clotting factor 
II) acts on the sequence LTPRSLLV (SEQID NO: 86) Raw 
lings N. D., etal. (2008) Nucleic Acids Res., 36: D320), which 
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is cut after the arginine at position 4 in the sequence. Active 
FIIa is produced by cleavage of FII by FXa in the presence of 
phospholipids and calcium and is down stream from factor IX 
in the coagulation pathway. Once activated, its natural role in 
coagulation is to cleave fibrinogen, which then in turn, begins 
clot formation. FIIa activity is tightly controlled and only 
occurs when coagulation is necessary for proper hemostasis. 
However, as coagulation is an on-going process in mammals, 
by incorporation of the LTPRSLLV (SEQ ID NO: 86) 
sequence into the CFXTEN between and linking the CF and 
the XTEN components, the XTEN is removed from the 
adjoining CF concurrent with activation of either the extrinsic 
or intrinsic coagulation pathways when coagulation is 
required physiologically, thereby releasing CF over time. 
Similarly, incorporation of other cleavage sequences into 
CFXTEN that are acted upon by endogenous proteases, par 
ticularly those Susceptible to the activated clotting proteins 
listed in Table 7, would provide for sustained release of CF 
that, in certain embodiments of the CFXTEN, provide a 
higher degree of activity for the CF component released from 
the intact form of the CFXTEN. In one embodiment, the 
invention provides CFXTEN comprising one or more cleav 
age sequences operably positioned to release the CF from the 
fusion protein upon cleavage, wherein the one or more cleav 
age sequences has at least about 86%, or at least about 92% or 
greater sequence identity to a sequence selected from Table 7. 
In another embodiment, the CFXTEN comprising a cleavage 
sequence would have at least about 80%, or at least about 
85%, or at least about 90%, or at least about 95%, or at least 
about 96%, or at least about 97%, or at least about 98%, or at 
least about 99% sequence identity compared to a sequence 
selected from Table 42. 
0215. In some embodiments, only the two or three amino 
acids flanking both sides of the cut site (four to six amino 
acids total) are incorporated into the cleavage sequence that, 
in turn, is incorporated into the CFXTEN of the embodi 
ments. In other embodiments, the known cleavage sequence 
have one or more deletions or insertions or one or two or three 
amino acid Substitutions for any one or two or three amino 
acids in the known sequence, wherein the deletions, inser 
tions or Substitutions result in reduced or enhanced suscepti 
bility but not an absence of susceptibility to the protease, 
resulting in an ability to tailor the rate of release of the CF 
from the XTEN. Exemplary substitutions are shown in Table 
7. 

TABLE 7 

Protease Cleavage Sequences 

FXIa 

FXIa 

FXIIa 

Kallikrein 

FWIIa 

FIXa 

FXa. 

Protease Acting 
Upon Sequence 

Exemplary 
Cleavage SEQ ID SEO ID 
Sequence NO: Minimal Cu. Sitek NO : 

KLTRAET 87 KD/FL/TARVA/VE/GT/GV 

DFTRVVG 88 KD/FL/TARVA/VE/GT/GV 

TMTRIWGG 89 NA 

SPFRSTGG 9 O -/-/FL/RYSR/RTA-/- 

LOVRIWGG 91 NA 

PLGRIWGG 92 -/-/G/R-A-/-/- 
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Protease Cleavage Sequences 

Exemplary 
Protease Acting Cleavage SEQ ID 
Upon Sequence Sequence NO: Minimal Cu. Sitek 

FIIa (thrombin) 

Elastase-2 LGPWSGVP 95 -/-/-WIAT-?-/-/- 

Granzyme-B WAGDSLEE 96 WA-A-/D-A-/-/- 

MMP-12 GPAGLGGA 97 GAPA/-/GLA-AGA 

MMP-13 GPAGLRGA 99 GAP/-/GLA-?GAA 

MMP-17 APLGLRLR 101 -/PSA-A-LOA-ALTA 

MMP-2O PALPLWAQ 102 NA 

TEV ENLYFOG 103 ENLYFOGAS 

Enterokinase DDDKIWGG 105 DDDKIWGG 

Protease 3C LEVLFQGP 107 LEWLFOGP 
(PreScission ") 

Sortase A LPKTGSES 109 LAPAKEADATGA-AEKSAS 

indicates cleavage site 
NA: not applicable 

SEO ID 
NO : 

98 

1OO 

104 

106 

108 

11 O 

* the listing of multiple amino acids before, between, or after a slash 
indicate alternative amino acids that can be substituted at the position; 
-" indicates that any amino acid may be substituted for the Corresponding 
amino acid indicated in the middle column 

(a) Pharmacokinetic Properties of CFXTEN 

0216) The invention provides CFXTEN fusion proteins 
with enhanced pharmacokinetics compared to the CF not 
linked to XTEN. The pharmacokinetic properties of a CF that 
can be enhanced by linking a given XTEN to the CF include, 
but are not limited to, terminal half-life, area under the curve 
(AUC), C, Volume of distribution, and bioavailability; 
properties that provide enhanced utility in the treatment of 
coagulation factor-related disorders, diseases and related 
conditions. As a result of the enhanced properties, the CFX 
TEN, when used at the dose and dose regimen determined to 
be appropriate for the composition by the methods described 
herein, can achieve a circulating concentration resulting in a 
desired pharmacologic effect, yet stay within the safety range 
for biologically active component of the composition for an 
extended period of time compared to a comparable dose of the 
CF not linked to XTEN. In such cases, the CFXTEN remains 
within the therapeutic window for the fusion protein compo 
sition for the extended period of time compared to a CF not 
liked to XTEN and administered to a subject at a comparable 
dose. As used herein, a "comparable dose” means a dose with 
an equivalent moles/kg for the active CF pharmacophore 
(e.g., FIX or FVII) that is administered to a subject in a 
comparable fashion. It will be understood in the art that a 
“comparable dosage of CFXTEN fusion protein would rep 
resent a greaterweight of agent but would have essentially the 
same mole-equivalents of CF in the dose of the fusion protein 
administered. 

0217. In some embodiments, the CFXTEN with enhanced 
pharmacokinetic properties can be a sequence that has at least 
about 80% sequence identity, or alternatively 81%, 82%, 

83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence 
identity compared to a protein sequence selected from any 
one of Tables 41, 42, or 43. In other embodiments, the CFX 
TEN with enhanced pharmacokinetic properties can com 
prise a CF sequence that has at least about 80% sequence 
identity, or alternatively 81%, 82%, 83%, 84%, 85%. 86%, 
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 
97%, 98%, or about 99% sequence identity compared to a 
sequence from Table 1 or from Table 2, linked to one or more 
XTEN that has at least about 80% sequence identity, or alter 
natively 81%, 82%, 83%, 84%, 85%. 86%, 87%. 88%. 89%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or about 
99% sequence identity compared to a sequence from Table 4. 
For the inventive compositions, CFXTEN with a longer ter 
minal half-life are generally preferred, so as to improve 
patient convenience, to increase the interval between doses 
and to reduce the amount of drug required to achieve a Sus 
tained effect. In the embodiments hereinabove described in 
this paragraph the administration of the fusion protein results 
in an improvement in at least one of the parameters (disclosed 
herein as being useful for assessing the Subject diseases, 
conditions or disorders) using a lower unit dose in moles of 
fusion protein compared to the corresponding CF component 
not linked to the fusion protein and administered at a compa 
rable unit dose or dose regimen to a Subject. In the foregoing 
embodiments, the total dose in moles administered to achieve 
the improvement is at least about three-fold lower, or at least 
about four-fold, or at least about five-fold, or at least about 
six-fold, or at least about eight-fold, or at least about 10-fold 
lower compared to the corresponding CF component not 
linked to the fusion protein. 
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0218. As described more fully in the Examples pertaining 
to pharmacokinetic characteristics of fusion proteins com 
prising XTEN, it was observed that increasing the length of 
the XTEN sequence confers a disproportionate increase in the 
terminal half-life of a fusion protein comprising the XTEN. 
Accordingly, the invention provides CFXTEN fusion pro 
teins comprising XTEN wherein the XTEN is selected to 
provide a targeted half-life for the CFXTEN composition 
administered to a subject. In some embodiments, the inven 
tion provides monomeric fusion proteins comprising XTEN 
wherein the XTEN is selected to confer an increase in the 
terminal half-life for the CFXTEN administered to a subject, 
compared to the corresponding CF not linked to the fusion 
protein and administered at a comparable dose, wherein the 
increase is at least about two-fold longer, or at least about 
three-fold, or at least about four-fold, or at least about five 
fold, or at least about six-fold, or at least about seven-fold, or 
at least about eight-fold, or at least about nine-fold, or at least 
about ten-fold, or at least about 15-fold, or at least a 20-fold, 
or at least a 40-fold, or at least a 80-fold, or at least a 100-fold 
or greater an increase in terminal half-life compared to the CF 
not linked to the fusion protein. Exogenously administered 
factor IX has been reported to have a terminal half-life in 
humans of approximately 18-24 hours (Morfiini, M. Blood 
Transfus. (2008) 6(s2): S21-s25) and exogenously adminis 
tered factor VII is reported to have a terminal half-life of 
approximately 4-6 hours (Klitgaard T. Br J Clin Pharmacol 
(2008) 65(1):3-11), whereas various CFXTEN compositions 
disclosed herein that have been experimentally administered 
to animals, as described in the Examples, have resulted in 
terminal half-life values considerably longer. In one embodi 
ment, the present invention provides CFXTEN fusion pro 
teins that exhibits an increase in ACU of at least about 50%, or 
at least about 60%, or at least about 70%, or at least about 
80%, or at least about 90%, or at least about a 100%, or at least 
about 150%, or at least about 200%, or at least about 300%, or 
at least about 500%, or at least about 1000%, or at least about 
a 2000% compared to the corresponding CF not linked to the 
XTEN and administered to a subject at a comparable dose. 
The pharmacokinetic parameters of a CFXTEN can be deter 
mined by Standard methods involving dosing, the taking of 
blood samples at times intervals, and the assaying of the 
protein using ELISA, HPLC, radioassay, or other methods 
known in the art or as described herein, followed by standard 
calculations of the data to derive the half-life and other PK 
parameters. 
0219. The enhanced PK parameters allow for reduced dos 
ing of the CFXTEN compositions, compared to CF not linked 
to XTEN. In some embodiments, a smaller molar amount of 
about two-fold less, or about three-fold less, or about four 
fold less, or about five-fold less, or about six-fold less, or 
about eight-fold less, or about 10-fold less or greater of the 
fusion protein is administered in comparison to the corre 
sponding CF not linked to the XTEN under a dose regimen 
needed to maintain hemostasis, and the fusion protein 
achieves a comparable area under the curve as the corre 
sponding molar amount of the CF not linked to the XTEN. In 
other embodiments, the fusion protein has a less frequent 
administration regimen of about every two days, about every 
seven days, about every 14 days, about every 21 days, or about 
monthly of the fusion protein administered to a Subject, com 
pared to the daily administration of an otherwise same dose 
amount of the corresponding CF not linked to the XTEN, and 
the fusion protein achieves a comparable area under the curve 
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as the corresponding CF not linked to the XTEN. In yet other 
embodiments, an accumulative Smaller molar amount of 
about 5%, or about 10%, or about 20%, or about 40%, or 
about 50%, or about 60%, or about 70%, or about 80%, or 
about 90% less of the fusion protein is administered to a 
Subject in comparison to the corresponding molar amount of 
the CF not linked to the XTEN under a dose regimen needed 
to maintain hemostasis, yet the fusion proteinachieves at least 
a comparable area under the curve as the corresponding CF 
not linked to the XTEN. The accumulative smaller molar 
amount is measure for a period of at least about one week, or 
about 14 days, or about 21 days, or about one month. 
0220. The invention further provides CFXTEN compris 
inga CF molecule separated from the XTEN sequence by one 
or more cleavage sequences; e.g., a sequence from Table 7. In 
some embodiments, the intact CFXTEN composition has less 
activity but a longer half-life in its intact form compared to a 
corresponding CF not linked to the XTEN, but is designed 
Such that upon administration to a Subject, the CF component 
is gradually released from the fusion protein by cleavage at 
the cleavage sequence(s) by endogenous proteases, where 
upon the CF component exhibits activity, i.e., the ability to 
effectively bind to and activate its target coagulation protein 
substrate. In non-limiting examples, the CFXTEN with a 
cleavage sequence has about 80% sequence identity com 
pared to a sequence from Table 42, or about 85%, or about 
90%, or about 95%, or about 97%, or about 98%, or about 
99% sequence identity compared to a sequence from Table 
42. Accordingly, the CFXTEN of the foregoing embodiments 
in this paragraph serve as prodrugs or a circulating depot, 
resulting in a longer terminal half-life compared to CF not 
linked to the XTEN. In such cases, a higher concentration of 
CFXTEN can be administered to a subject, compared to the 
corresponding CF not linked to XTEN because a smaller 
proportion of the circulating composition is active. 

(b) Pharmacology and Pharmaceutical Properties of CFX 
TEN 

0221) The present invention provides CFXTEN composi 
tions comprising CF covalently linked to XTEN that can have 
enhanced properties compared to CF not linked to XTEN, as 
well as methods to enhance the therapeutic and/or biologic 
activity or effect of the respective two CF components of the 
compositions. In addition, the invention provides CFXTEN 
compositions with enhanced properties compared to those 
art-known fusion proteins containing albumin, immunoglo 
bulin polypeptide partners, polypeptides of shorter length 
and/or polypeptide partners with repetitive sequences. In 
addition, CFXTEN fusion proteins provide significant advan 
tages over chemical conjugates. Such as pegylated constructs, 
notably the fact that recombinant CFXTEN fusion proteins 
can be made in bacterial cell expression systems, which can 
reduce time and cost at both the research and development 
and manufacturing stages of a product, as well as result in a 
more homogeneous, defined product with less toxicity for 
both the product and metabolites of the CFXTEN compared 
to pegylated conjugates. 
0222. As therapeutic agents, the CFXTEN possesses a 
number of advantages over therapeutics not comprising 
XTEN, including one or more of the following non-limiting 
exemplary enhanced properties: increased solubility, 
increased thermal stability, reduced immunogenicity, 
increased apparent molecular weight, reduced renal clear 
ance, reduced proteolysis, reduced metabolism, enhanced 
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therapeutic efficiency, a lower effective therapeutic dose, 
increased bioavailability, increased time between dosages 
capable of maintaining blood levels within the therapeutic 
window for the CF, a “tailored rate of absorption when 
administered subcutaneously or intramuscularly, enhanced 
lyophilization stability, enhanced serum/plasma stability, 
increased terminal half-life, increased solubility in blood 
stream, decreased binding by neutralizing antibodies, 
decreased active clearance, reduced side effects, retention of 
substrate binding affinity, stability to degradation, stability to 
freeze-thaw, stability to proteases, stability to ubiquitination, 
ease of administration, compatibility with other pharmaceu 
tical excipients or carriers, persistence in the Subject, 
increased stability in storage (e.g., increased shelf-life), 
reduced toxicity in an organism or environment and the like. 
The net effect of the enhanced properties is that the use of a 
CFXTEN composition can result in enhanced therapeutic 
and/or biologic effect compared to a CF not linked to XTEN 
or result in improved patient compliance when administered 
to a subject with a coagulation factor-related disease or dis 
order. 

0223 Specific assays and methods for measuring the 
physical and structural properties of expressed proteins are 
known in the art, including methods for determining proper 
ties such as protein aggregation, Solubility, secondary and 
tertiary structure, melting properties, contamination and 
water content, etc. Such methods include analytical centrifu 
gation, EPR, HPLC-ion exchange, HPLC-size exclusion, 
HPLC-reverse phase, light scattering, capillary electrophore 
sis, circular dichroism, differential scanning calorimetry, 
fluorescence, HPLC-ion exchange, HPLC-size exclusion, IR, 
NMR, Raman spectroscopy, refractometry, and UV/Visible 
spectroscopy; several of which are applied to the inventive 
CFXTEN as described in the Examples. Additional methods 
are disclosed in Arnau et al. Prot Expr and Purif (2006) 48. 
1-13. Application of these methods to elucidate the enhanced 
properties of the compositions of the invention is within the 
grasp of a person skilled in the art. 
0224. In one embodiment, XTEN as a fusion partner 
increases the solubility of the CF payload. Accordingly, 
where enhancement of the pharmaceutical or physicochemi 
cal properties of the CF is desirable, such as the degree of 
aqueous solubility or stability, the length and/or the motif 
family composition of the XTEN sequences incorporated into 
the fusion protein may each be selected to confer a different 
degree of solubility and/or stability on the respective fusion 
proteins such that the overall pharmaceutical properties of the 
CFXTEN composition are enhanced. The CFXTEN fusion 
proteins can be constructed and assayed, using methods 
described herein, to confirm the physicochemical properties 
and the XTEN adjusted, as needed, to result in the desired 
properties. In one embodiment, the XTEN sequence of the 
CFXTEN is selected such that the fusion protein has an aque 
ous solubility that is within at least about 25% greater com 
pared to a CF not linked to the fusion protein, or at least about 
30%, or at least about 40%, or at least about 50%, or at least 
about 75%, or at least about 100%, or at least about 200%, or 
at least about 300%, or at least about 400%, or at least about 
500%, or at least about 1000% greater than the corresponding 
CF not linked to the fusion protein. 
0225. The invention provides methods to produce and 
recover expressed CFXTEN from a host cell with enhanced 
solubility and ease of recovery compared to CF not linked to 
XTEN. In some embodiments, the method includes the steps 
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of transforming a eukaryotic host cell with a polynucleotide 
encoding a CFXTEN with one or more XTEN components of 
cumulative sequence length greater than about 200, or greater 
than about 400, or greater than about 600, or greater than 
about 800 amino acid residues, expressing the CFXTEN 
fusion protein in the host cell, and recovering the expressed 
fusion protein in soluble form. In the embodiments herein 
above described in this paragraph, the XTEN of the CFXTEN 
fusion proteins can have at least about 80% sequence identity, 
or about 90%, or about 91%, or about 92%, or about 93%, or 
about 94%, or about 95%, or about 96%, or about 97%, or 
about 98%, or about 99%, to about 100% sequence identity 
compared to one or more XTEN selected from Table 4 and the 
CF can have at least about 80% sequence identity, or about 
90%, or about 91%, or about 92%, or about 93%, or about 
94%, or about 95%, or about 96%, or about 97%, or about 
98%, or about 99%, or 100% sequence identity compared to 
a CF selected from Table 1 or Table 2 and the CFXTEN 
components can be in an N- to C-terminus configuration 
selected from formulas I-VII. 

0226. In one embodiment, the invention provides CFX 
TEN compositions and methods to produce the compositions 
that can maintain the CF component within a therapeutic 
window for a greater period of time compared to comparable 
dosages of the corresponding CF not linked to XTEN. It will 
be understood in the art that a “comparable dosage' of CFX 
TEN fusion protein would represent a greater weight of agent 
but would have the same approximate mole-equivalents of CF 
in the dose of the fusion protein and/or would have the same 
approximate molar concentration relative to the CF. The 
method to produce the compositions that can maintain the CF 
component within a therapeutic window includes the steps of 
selecting the XTEN appropriate for conjugation to a CF to 
provide the desired pharmacokinetic properties in view of a 
given dose and dose regimen, administration of the CFXTEN 
to subjects in need thereof, followed by assays to verify the 
pharmacokinetic properties, the activity of the CFXTEN 
fusion protein, and the safety of the administered composi 
tion. By the methods, CFXTEN provided herein allow for 
increased efficacy of the administered composition by main 
taining the circulating concentrations of the CF within the 
therapeutic window for an enhanced period of time. As used 
herein, “therapeutic window' means that the amount of drug 
or biologic as a blood or plasma concentration range, which 
provides efficacy or a desired pharmacologic effect over time 
for the disease or condition without unacceptable toxicity, 
i.e., the range of the circulating blood concentrations between 
the minimal amount to achieve any positive therapeutic effect 
and the maximum amount which results in a response that is 
the response immediately before toxicity to the subject (at a 
higher dose or concentration). Additionally, therapeutic win 
dow generally encompasses an aspect of time; the maximum 
and minimum concentration that results in a desired pharma 
cologic effect over time that does not result in unacceptable 
toxicity or adverse events. A dosed composition that stays 
within the therapeutic window for the subject could also be 
said to be within the “safety range.” 
0227. The characteristics of CFXTEN compositions of the 
invention, including functional characteristics or biologic and 
pharmacologic activity and parameters that result, can be 
determined by any Suitable screening assay known in the art 
for measuring the desired characteristic. The invention pro 
vides methods to assay the CFXTEN fusion proteins of dif 
fering composition or configuration in order to provide CFX 
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TEN with the desired degree of biologic and/or therapeutic 
activity, as well as safety profile. Specific in vivo and ex vivo 
biological assays are used to assess the activity of each con 
figured CFXTEN and/or CF component to be incorporated 
into CFXTEN, including but not limited to the assays of the 
Examples, those assays of Table 40, as well as the following 
assays or other such assays known in the art for assaying the 
properties and effects of CF. Functional assays can be con 
ducted that allow determination of coagulation activity, Such 
as prothrombin (PT) and activated partial prothrombin 
(aPTT) assays (Belaaouaj A A et al., J. Biol. Chem. (2000) 
275:27123-8: Diaz-Collier J. A. Haemost (1994) 71:339-46), 
blood clotting time (WBCT), thrombelastography, or bleed 
ing time assays. Other possible assays may determine the 
binding affinity of a CFXTEN for the target substrate of the 
corresponding CF can be assayed using binding or competi 
tive binding assays, such as Biacore assays with chip-bound 
receptors or binding proteins or ELISA assays, as described 
in U.S. Pat. No. 5,534,617, assays described in the Examples 
herein, radio-receptor assays, or other assays known in the 
art. The foregoing assays can also be used to assess CF 
sequence variants (assayed as single components or as CFX 
TEN fusion proteins) and can be compared to the native CF to 
determine whether they have the same degree of biologic 
activity as the native CF, or some fraction thereof such that 
they are suitable for inclusion in CFXTEN; e.g., at least about 
60%, or at least about 70%, or at least about 80%, or at least 
about 90% of the activity compared to the native CF. 
0228. Dose optimization is important for all drugs, espe 
cially for those with a narrow therapeutic window. For 
example, a standardized single dose of CF for all patients 
presenting with a diverse symptoms or abnormal clinical 
parameters may not always be effective. A consideration of 
these factors is well within the purview of the ordinarily 
skilled clinician for the purpose of determining the therapeu 
tically or pharmacologically effective amount of the CFX 
TEN, Versus that amount that would result in unacceptable 
toxicity and place it outside of the safety range, or insufficient 
potency Such that clinical improvement is not achieved. 
0229. In many cases, the therapeutic window for CF in 
Subjects of different ages or degree of disease have been 
established and are available in published literature or are 
stated on the drug label for approved products containing the 
CF. In other cases, the therapeutic window can be established 
for new compositions, including those CFXTEN of the dis 
closure. The methods for establishing the therapeutic window 
for a given composition are known to those of skill in the art 
(see, e.g., Goodman & Gilman's The Pharmacological Basis 
of Therapeutics, 11 Edition, McGraw-Hill (2005)). For 
example, by using dose-escalation studies in Subjects with the 
target disease or disorder to determine efficacy or a desirable 
pharmacologic effect, appearance of adverse events, and 
determination of circulating blood levels, the therapeutic 
window for a given Subject or population of Subjects can be 
determined for a given drug or biologic, or combinations of 
biologics or drugs. The dose escalation studies can evaluate 
the activity of a CFXTEN through metabolic studies in a 
Subject or group of Subjects that monitor physiological or 
biochemical parameters, as known in the art or as described 
herein for one or more parameters associated with the meta 
bolic disease or disorder, or clinical parameters associated 
with a beneficial outcome for the particular indication, 
together with observations and/or measured parameters to 
determine the no effect dose, adverse events, maximum tol 
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erated dose and the like, together with measurement of phar 
macokinetic parameters that establish the determined or 
derived circulating blood levels. The results can then be cor 
related with the dose administered and the blood concentra 
tions of the therapeutic that are coincident with the foregoing 
determined parameters or effect levels. By these methods, a 
range of doses and blood concentrations can be correlated to 
the minimum effective dose as well as the maximum dose and 
blood concentration at which a desired effect occurs and 
above which toxicity occurs, thereby establishing the thera 
peutic window for the dosed therapeutic. Blood concentra 
tions of the fusion protein (or as measured by the CF compo 
nent) above the maximum is considered outside the 
therapeutic window or safety range. Thus, by the foregoing 
methods, a C blood level is established, below which the 
CFXTEN fusion protein would not have the desired pharma 
cologic effect, and a C blood level is established that 
would represent the highest circulating concentration before 
reaching a concentration that would elicit unacceptable side 
effects, toxicity or adverse events, placing it outside the safety 
range for the CFXTEN. With such concentrations estab 
lished, the frequency of dosing and the dosage can be further 
refined by measurement of the C and C to provide the 
appropriate dose and dose frequency to keep the fusion pro 
tein(s) within the therapeutic window. 
0230. One of skill in the art can, by the means disclosed 
herein or by other methods known in the art, confirm that the 
administered CFXTEN remains in the therapeutic window 
for the desired interval or requires adjustment in dose or 
length or sequence of XTEN. Further, the determination of 
the appropriate dose and dose frequency to keep the CFXTEN 
within the therapeutic window establishes the therapeutically 
effective dose regimen; the schedule for administration of 
multiple consecutive doses using a therapeutically effective 
dose of the fusion protein to a subject in need thereofresulting 
in consecutive C peaks and/or C troughs that remain 
within the therapeutic window and results in an improvement 
in at least one measured parameter relevant for the target 
disease, disorder or condition. In some cases, the CFXTEN 
administered at an appropriate dose to a Subject results in 
blood concentrations of the CFXTEN fusion protein that 
remains within the therapeutic window for a period at least 
about two-fold longer compared to the corresponding CF not 
linked to XTEN and administered at a comparable dose; 
alternatively at least about three-fold longer; alternatively at 
least about four-fold longer; alternatively at least about five 
fold longer; alternatively at least about six-fold longer; alter 
natively at least about seven-fold longer; alternatively at least 
about eight-fold longer; alternatively at least about nine-fold 
longer or at least about ten-fold longer or greater compared to 
the corresponding CF not linked to XTEN and administered 
at a comparable dose. As used herein, an “appropriate dose' 
means a dose of a drug or biologic that, when administered to 
a subject, would result in a desirable therapeutic or pharma 
cologic effect and/or a blood concentration within the thera 
peutic window. 
0231. In one embodiment, the CFXTEN administered at a 
therapeutically effective dose regimen results in again in time 
of at least about three-fold longer; alternatively at least about 
four-fold longer; alternatively at least about five-fold longer; 
alternatively at least about six-fold longer; alternatively at 
least about seven-fold longer; alternatively at least about 
eight-fold longer; alternatively at least about nine-fold longer 
or at least about ten-fold longer between at least two consecu 
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tive C peaks and/or C troughs for blood levels of the 
fusion protein compared to the corresponding biologically 
active protein of the fusion protein not linked to the fusion 
protein and administered at a comparable dose regimen to a 
subject. In another embodiment, the CFXTEN administered 
at a therapeutically effective dose regimen results in a com 
parable improvement in one, or two, or three or more mea 
Sured parameter using less frequent dosing or a lower total 
dosage in moles of the fusion protein of the pharmaceutical 
composition compared to the corresponding biologically 
active protein component(s) not linked to the fusion protein 
and administered to a subject using atherapeutically effective 
dose regimen for the CF. The measured parameters include 
any of the clinical, biochemical, or physiological parameters 
disclosed herein, or others known in the art for assessing 
Subjects with coagulation factor-related disorders. 
0232. In some embodiments, the CFXTEN fusion proteins 
of the invention retain at least about 0.05%, or about 0.1%, or 
about 1%, or about 10%, or about 20%, or about 30%, or 
about 40%, or about 50%, or about 60%, or about 70%, or 
about 80%, or about 90%, or about 95%, or about 98%, or 
about 99% percent of the biological activity of the corre 
sponding CF not linked to the fusion protein with regard to an 
in vitro biologic activity or pharmacologic effect known or 
associated with the use of the native CF in the treatment and 
prevention of coagulation factor-related diseases, disorders, 
and conditions. Non-limiting examples of parameters or 
physiologic effects that can be assayed to assess the retained 
activity of the CFXTEN fusion proteins include prothrombin 
time (PT), activated partial thromboplastin time (aPTT), 
bleeding time, whole blood clotting time (WBCT), and 
thrombelastography. In some embodiments, the activity of 
the CF component is manifested by the intact CFXTEN 
fusion protein, while in other cases the activity of the CF 
component is primarily manifested upon cleavage and release 
of the CF from the fusion protein by action of a protease that 
acts on a cleavage sequence incorporated into the CFXTEN 
fusion protein, embodiments of which are disclosed above. In 
the foregoing, the CFXTEN is designed to reduce the binding 
affinity of the CF component for the coagulation substrate 
when linked to the XTEN but have restored or increased 
affinity when released from XTEN through the cleavage of 
cleavage sequence(s) incorporated into the CFXTEN 
sequence, as described more fully above. In one embodiment 
of the foregoing, the invention provides an isolated fusion 
protein comprising a FIX linked to XTEN by a cleavage 
sequence, wherein the fusion protein is Substantially inactive 
prior to cleavage and wherein the FIX released from the 
fusion protein by proteolytic cleavage at the cleavage 
sequence has biological activity that is at least about 60%, or 
at least about 70%, or at least about 80%, or at least about 
90%, or at least about 95% as active compared to native FIX 
not linked to XTEN. 

0233. In other cases, the CFXTEN can be designed to 
reduce active clearance of the CFXTEN to increase the ter 
minal half-life of CFXTEN administered to a subject, while 
still retaining biological activity. The clearance mechanisms 
to remove CF from the circulation have yet to be fully eluci 
dated. Uptake, elimination, and inactivation of CFS can occur 
in the circulatory system as well as in the extravascular space. 
Coagulation factors are complex proteins that interact with a 
large number of other proteins, lipids, and receptors, and 
many of these interactions can contribute to the elimination of 
CFs from the circulation. For example, clearance mecha 
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nisms for FVII, a heterogeneously glycosylated protein, may 
include clearance by the liver. The effects of the gamma 
carboxy glutamic acid (Gla) domain and the Sialic acid con 
tent of the protein on FVIIa clearance have been investigated 
using a perfused liver model, with results suggesting that 
carbohydrate receptors (e.g. the asialoglycoprotein receptor, 
ASGPR) may play a role in FVIIa clearance. (Appa, R. S., et 
al. Thromb Haemost. (2010, epub May 27) 104(2)). In addi 
tion, CF can be lost through extravasation and rapid active 
clearance, which is reflected in the generally poor bioavail 
ability of intravenously administered coagulation factors 
such as factor VIIa (see NovoSeven package insert). It is 
believed that the CFXTEN of the present invention has com 
paratively higher bioavailability achieved by reduced active 
clearance and/or by reduced extravasation by increasing the 
hydrodynamic radius, or apparent size, of the molecule by the 
addition of unstructured XTEN to the coagulation factor. In 
one embodiment, the invention provides CFXTEN that 
reduce clearance of the fusion protein by linking one or more 
XTEN to the CF component of the fusion protein, wherein the 
fusion protein has an increase in apparent molecular weight 
factor of at least about four-fold, or at least about five-fold, or 
at least about six-fold, or at least about seven-fold, or at least 
about eight-fold, or at least about ten-fold, or at least about 
twelve-fold, or at least about fifteen-fold, and wherein the 
terminal half-life of the CFXTEN when administered to a 
subject is increased at least about two-fold, or at least about 
four-fold, or at least about eight-fold, or at least about 10-fold, 
or at least about 20-fold, or at least about 30-fold, or at least 
about 40-fold, or at least about 50-fold, or at least about 
60-fold, or at least about 70-fold, or at least about 80-fold or 
more compared to the corresponding CF not linked to XTEN. 
In the foregoing embodiment, wherein at least two XTEN 
molecules are incorporated into the CFXTEN, the XTEN can 
be identical or they can be of a different sequence composi 
tion (and net charge) or length. Non-limiting examples of the 
foregoing embodiment with two XTEN linked to a single 
FVII are illustrated in FIG. 6, and include the constructs 
(expressed using the domains of FVII) Gla-EGF1-EGF2 
AE144-Protease-AE864 or Gla-EGF1-AE288-EGF2-Pro 
tease-AE864 (wherein the AE XTEN components have 
approximately a 17% net charge due to incorporated glutamic 
acid), Gla-EGF1-EGF2-AG144-Protease-AG864 or Gla 
EGF1-AG144-EGF2-Protease-AE864 (wherein the AG 
XTEN components have approximately no net charge). Not 
to be bound by a particular theory, the XTEN of the CFXTEN 
compositions with the higher net charge are expected, as 
described above, to have less non-specific interactions with 
various negatively-charged Surfaces Such as blood vessels, 
tissues, or various receptors, which would further contribute 
to reduced active clearance. Conversely, the XTEN of the 
CFXTEN compositions with a low (or no) net charge are 
expected to have a higher degree of interaction with Surfaces 
that, while contributing to active clearance, can potentiate the 
activity of the associated coagulation factor, given the known 
contribution of cell (e.g., platelets) and vascular Surfaces to 
the coagulation process and the intensity of activation of 
coagulation factors (Zhou, R., et al., Biomaterials (2005) 
26(16):2965-2973; London, F., et al. Biochemistry (2000) 
39(32):9850-9858). Thus, the invention provides CFXTEN 
in which the degree of potency, bioavailability, and half-life 
can be tailored by the selection and placement of the type and 
length of the XTEN in the CFXTEN compositions. Accord 
ingly, the invention contemplates compositions in which a CF 
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from Table 1 or from Table 2 and XTEN from Table 4 are 
Substituted for the respective components of the foregoing 
examples, and are produced, for example, in a configuration 
from Table 6 or from formulas I-VII such that the construct 
has reduced clearance compared to an alternative configura 
tion of the respective components. In some embodiments, the 
foregoing method for increasing the terminal half-life pro 
vides configured CFXTEN that can result in an increase in the 
terminal half-life of at least about 30%, or about 50%, or 
about 75%, or about 100%, or about 150%, or about 200%, or 
about 300%, or about 400% or more compared to the half-life 
of a CFXTEN in a second configuration where active clear 
ance is not reduced. The invention further takes advantage of 
the fact that certain ligands wherein reduced binding to a 
clearance receptor, either as a result of a decreased on-rate or 
an increased off-rate, may be effected by the obstruction of 
either the N- or C-terminus and using that terminus as the 
linkage to another polypeptide of the composition, whether 
another molecule of a CF, an XTEN, or a spacer sequence 
results in the reduced binding. The choice of the particular 
configuration of the CFXTEN fusion protein reduces the 
degree of binding to a clearance receptor Such that a reduced 
rate of active clearance is achieved. 
0234. In cases where a reduction in active clearance is 
desired but retention of at least a portion of the biological 
activity is also desired, the CFXTEN is designed to retain 
sufficient biologic activity for the intact molecule. Thus, in 
one embodiment, the invention provides a CFXTEN config 
ured such that the biologic activity of the CFXTEN is in the 
range of about 0.01%-40%, or about 0.01%-30%, or about 
0.01%-20%, or about 0.01%-10 of the biological activity 
compared to the corresponding native coagulation factor. The 
biological activity of the configured CFXTEN is thus reduced 
by at least about 60%, or at least about 70%, or at least about 
80%, or at least about 90%, or at least about 95%, or at least 
about 99%, or at least about 99.99% as compared to the 
biological activity of the corresponding native coagulation 
factor not linked to XTEN, determined under comparable 
conditions. In the foregoing embodiments, the biological 
activity of the configured CFXTEN for the target receptor is 
“Substantially reduced compared to a corresponding native 
CF not linked to XTEN. Accordingly, the present invention 
provides compositions and methods to produce compositions 
with reduced biological activity but increased half-life by 
configuring the CFXTEN, examples of which are provided 
above, so as to be able to provide a desired in vivo biological 
response yet avoid active clearance mechanisms. The 
increased half-life permits higher dosages and reduced fre 
quency of dosing compared to CF not linked to XTEN or 
compared to CFXTEN configurations wherein the fusion pro 
tein is Subject to coagulation factor clearance mechanisms. 

VI). Uses of the Compositions of the Present Invention 
0235. In another aspect, the invention provides a method 
for achieving a beneficial effect in bleeding disorders and/or 
in a coagulation factor-related disease, disorder or condition 
mediated by FIX or FVII. As used herein, "coagulation fac 
tor-related diseases, disorders or conditions' is intended to 
include, but is not limited to bleeding disorders (e.g., defec 
tive platelet function, thrombocytopenia or von Willebrand’s 
disease), coagulopathies (any disorder of blood coagulation, 
including coagulation factor deficiencies), hemophilia B (aka 
Christmas disease), factor IX-related bleeding disorders, fac 
tor VII deficiency, hemophilia A, vascular injury, uncon 
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trolled bleeding in subjects not suffering from hemophilia, 
bleeding from trauma or Surgery, bleeding due to anticoagul 
lant therapy, and bleeding due to liver disease or conditions 
that can be ameliorated or corrected by administration of FIX 
or FVII to a subject. The present invention addresses disad 
Vantages and/or limitations of other methods of treatment 
using factor IX or factor VII preparations that have a rela 
tively short terminal half-life and/or a narrow therapeutic 
window. 

0236. In some embodiments, the invention provides meth 
ods for treating a subject, such as a human, with a coagulation 
factor-related disease, disorder or condition comprising the 
step of administering to the Subject a therapeutically- or pro 
phylactically-effective amount of an CFXTEN wherein said 
administration results in the improvement of one or more 
biochemical or physiological parameters or clinical end 
points associated with the coagulation factor-related disease, 
disorder or condition. In one embodiment of the foregoing, 
the CFXTEN comprises a FVII. In another embodiment of 
the foregoing, the CFXTEN comprises a FIX. The effective 
amount produces a beneficial effect in helping to treat (e.g., 
cure or reduce the severity) or prevent (e.g., reduce the like 
lihood of onset or severity) a coagulation factor-related dis 
ease, disorder or condition. As used herein, “treating” means 
administering a drug or a biologic (e.g., a CFXTEN) to 
achieve an improvement in an existing disease, disorder or 
condition or preventing the occurrence of a disease, disorder 
or condition (including prophylaxis). A therapeutically-ef 
fective amount of a CFXTEN fusion protein can be that 
amount of composition that, when administered as a single or 
as repeated doses to a subject, leads to improvements in or 
amelioration of the underlying disease, disorder or condition, 
or improvements in signs or symptoms or physiologic param 
eters associated with the underlying disease, disorder or con 
dition. 

0237 Hemostasis is regulated by multiple protein factors, 
and Such proteins, as well as analogues thereof, have found 
utility in the treatment of coagulation factor-related diseases, 
disorders and conditions. However, the use of commercially 
available coagulation factors has met with less than optimal 
Success in the management of Subjects afflicted with Such 
diseases, disorders and conditions. In particular, dose optimi 
Zation and frequency of dosing is important for coagulation 
factors used in the treatment or prevention of bleeding epi 
sodes in coagulation factor-related diseases, disorders, or 
conditions, or uncontrolled bleeding in Subjects not suffering 
from hemophilia. The fact that coagulation factors have a 
short half-life necessitates frequent dosing in order to achieve 
clinical benefit, which results in difficulties in the manage 
ment of Such patients. 
0238. The invention provides methods of treatment com 
prising administering a CFXTEN composition to a subject 
Suffering from or at risk of developing a coagulation factor 
related disease, disorder or condition, wherein the adminis 
tration results in the improvement of one or more biochemical 
or physiological parameters or clinical endpoints associated 
with the condition. In one embodiment, the method of treat 
ment comprises administering a therapeutically-effective 
amount of an CFXTEN composition to a subject suffering 
from hemophilia A wherein the administration results in the 
improvement of one or more biochemical or physiological 
parameters or clinical endpoints associated with the condi 
tion. In another embodiment, the method of treatment com 
prises administering a therapeutically-effective amount of an 
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CFXTEN composition to a subject suffering from hemophilia 
B wherein the administration results in the improvement of 
one or more biochemical or physiological parameters or clini 
cal endpoints associated with the condition. In another 
embodiment, the method of treatment comprises administer 
ing a therapeutically-effective amount of an CFXTEN com 
position to a subject suffering from factor VII deficiency 
wherein said administration results in the improvement of one 
or more biochemical or physiological parameters or clinical 
endpoints associated with the condition. In another embodi 
ment, the method of treatment comprises administering a 
therapeutically-effective amount of an CFXTEN composi 
tion to a subject Suffering from or at risk of developing uncon 
trolled bleeding wherein the administration results in the 
improvement of one or more biochemical or physiological 
parameters or clinical endpoints associated with the condi 
tion. In most instances, the embodiments of the disclosed 
method of treatments utilizing a CFXTEN comprising a FVII 
are compositions in which the FVII has been activated; i.e., 
FVIIa. However, the invention also contemplates CFXTEN 
compositions in which the FVII has not been activated. 
Because of the comparatively long-half life of CFXTEN 
comprising FVII, it is believed that compositions comprising 
the inactive form of FVII that can be activated by mammalian 
endogenous proteases (because they include one or more 
cleavage sequences; e.g., the sequences of Table 7) or the 
fusion protein undergoes autoactivation Such that 1) a bolus 
quantity of activated form of FVII is available by activation 
via clotting proteins of the intrinsic coagulation cascade that 
has been initiated; or 2) a persistent quantity of activated form 
of FVII is available by activation via proteases that are per 
sistently or transiently present in the circulation; e.g., MMP 
12, MMP-17, etc. 
Thus, the invention provides a method of treatment for a 
Subject with a coagulation factor-related disease, disorder or 
conditions comprising administration of a CFXTEN com 
prising a FVII variant (as described above) wherein the FVII 
is not activated but has one or more cleavage sequences that, 
when cleaved by an endogenous protease, converts the FVII 
component to the activated form. In one embodiment of the 
foregoing, the method utilizes a CFXTEN composition that 
has a terminal half-life of at least about 12 h, or at least about 
24h, or at least about 48 h, or at least about 48 h, or at least 
about 96 h, or at least about 144 h, or at least about 160 h. 
Accordingly, the method represents a means to treat Subjects 
with certain forms of chronic coagulopathies with what is 
essentially a “prodrug form of FVII. 
0239. In some embodiments, administration of the CFX 
TEN to a subject results in an improvement in one or more of 
the biochemical, physiologic, or clinical parameters that is of 
greater magnitude than that of the corresponding CF compo 
nent not linked to XTEN, determined using the same assay or 
based on a measured clinical parameter. In other embodi 
ments, administration of the CFXTEN to a subject using a 
therapeutically effective dose regimen results in activity in 
one or more of the biochemical, physiologic, or clinical 
parameters that is of longer duration than the activity of the 
corresponding CF component not linked to XTEN, deter 
mined using that same assay or based on a measured clinical 
parameter. In one embodiment, the administration of a thera 
peutically effective amount of a CFXTEN comprising a FVII 
to a subject results in a reduction in prothrombintime at about 
2-7 days after administration of at least about 5%, or about 
10%, or about 20%, or about 30%, or about 40%, or about 
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50%, or about 60%, or about 70%, or more in the subject 
compared to the prothrombin time in a Subject at a compa 
rable time after administration of a comparable amount of 
FVII not linked to XTEN. In another embodiment, the admin 
istration of a CFXTEN comprising a FVII to a subject using 
a therapeutically effective amount results in maintenance of 
prothrombin times within 30% of normal in the subject for a 
period of time that is at least two-fold, or about three-fold, or 
at least about four-fold longer compared to a comparable dose 
regimen of FVII not linked to XTEN administered to a sub 
ject. In another embodiment, the administration of a thera 
peutically effective amount of a CFXTEN comprising a FIX 
to a subject results in a reduction in the activated partial 
prothrombin time at about 2-7 days after administration of at 
least about 5%, or about 10%, or about 20%, or about 30%, or 
about 40%, or about 50%, or about 60%, or about 70%, or 
more in the Subject compared to the activated partial pro 
thrombin time in a Subject at a comparable time after admin 
istration of a comparable amount of FIX not linked to XTEN. 
In another embodiment, the administration of a CFXTEN 
comprising a FIX to a subject using atherapeutically effective 
amount results in maintenance of activated partial prothrom 
bin times within 30% of normal in the subject for a period of 
time that is at least two-fold, or at least about three-fold, or at 
least about four-fold longer compared to a comparable dose 
regimen of FIX not linked to XTEN administered to a subject. 
In another embodiment, the administration of a CFXTEN 
comprising a FVII to a subject using a therapeutically effec 
tive amount results in maintenance of a bleeding time (in a 
bleeding time assay) within 30% of normal in the subject for 
a period of time that is at least two-fold, or about three-fold, 
or at least about four-fold longer compared to a comparable 
amount of FVII not linked to XTEN administered to a subject. 
In another embodiment, the administration of a CFXTEN 
comprising a FIX to a subject using atherapeutically effective 
amount results in maintenance of a bleeding time (in a bleed 
ing time assay) within 30% of normal in the subject for a 
period of time that is at least two-fold, or about three-fold, or 
at least about four-fold longer compared to a comparable 
amount of FIX not linked to XTEN administered to a subject. 
0240. As a result of the enhanced PK parameters of CFX 
TEN, as described herein, the CF is administered using longer 
intervals between doses compared to the corresponding CF 
not linked to XTEN to prevent, treat, alleviate, reverse or 
ameliorate symptoms or clinical abnormalities of the coagu 
lation factor-related disease, disorder or condition or prolong 
the Survival of the Subject being treated. In a particular appli 
cation, CFXTEN comprising FVII have utility in the treat 
ment of hemophilia A and hemophilia B. 
0241. It has been observed that FVIIa administered in high 
concentrations can function as a bypassing agent resulting in 
the activation of FX even in the absence of FIX or FVIII. In 
order to act as a bypassing agent FVIIa has to be dosed at 
concentrations that exceed the level of FVIIa in healthy 
people by approximately 100-fold. These levels are generally 
safe because FVIIa has low activity in the absence of tissue 
factor (TF), to which FVII binds. Tissue factor is released or 
presented on injured tissues which triggers clotting via the 
extrinsic system. The circulation half-life of FVIIa is in part 
limited by its inactivation by antithrombin (AT). Antithrom 
bin can not bind to FVII but only to FVIIa. Thus, in one 
embodiment, the invention provides a method of treating 
hemophilia A or B by administering an amount of CFXTEN 
comprising an activated form of FVII, wherein the ability to 
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activate FX in the circulation of a subject is maintained for a 
period that is at least about two-fold longer, or at least about 
three-fold, or at least about four-fold, or at least about five 
fold, or at least about 10-fold, or at least about 20-fold longer 
compared to FVII not linked to XTEN and administered to a 
comparable Subject at a comparable dose. The current inven 
tion further provides CFXTEN fusion proteins comprising 
FVII linked to XTEN that can not be inactivated by AT by 
more than about 5% prior to its activation to FVIIa-XTEN. In 
one embodiment, the invention provides a method of treat 
ment comprising administering a CFXTEN with a FVII com 
ponent that is not activated, wherein the CFXTEN serves as a 
circulating depot wherein the area under the curve for the 
FVII that is activated to FVIIa and not complexed with AT is 
at least about two-fold greater, or at least about three-fold, or 
at least about four-fold, or at least about five-fold, or at least 
about 10-fold, or at least about 20-fold greater thana FVII not 
linked to XTEN and administered at a comparable dose. 
0242. In some embodiments of the method of treatment, 
(i) a smaller molar amount of (e.g. of about two-fold less, or 
about three-fold less, or about four-fold less, or about five 
fold less, or about six-fold less, or about eight-fold less, or 
about 10-fold-less or greater) the fusion protein is adminis 
tered in comparison to the corresponding CF not linked to the 
XTEN under anotherwise same dose regimen, and the fusion 
protein achieves a comparable therapeutic effect as the cor 
responding CF not linked to the XTEN; (ii) the fusion protein 
is administered less frequently (e.g., every two days, about 
every seven days, about every 14 days, about every 21 days, or 
about, monthly) in comparison to the corresponding CF not 
linked to the XTEN under an otherwise same dose amount, 
and the fusion protein achieves a comparable therapeutic 
effect as the corresponding CF not linked to the XTEN; or (iii) 
an accumulative Smaller molar amount (e.g. about 5%, or 
about 10%, or about 20%, or about 40%, or about 50%, or 
about 60%, or about 70%, or about 80%, or about 90% less) 
of the fusion protein is administered in comparison to the 
corresponding CF not linked to the XTEN under the other 
wise same dose regimen the fusion protein achieves a com 
parable therapeutic effect as the corresponding CF not linked 
to the XTEN. The accumulative smaller molar amount is 
measure for a period of at least about one week, or about 14 
days, or about 21 days, or about one month. The therapeutic 
effect can be determined by any of the measured parameters 
or clinical endpoints described herein. 
0243 The methods of the invention includes administra 
tion of consecutive doses of a therapeutically effective 
amount of the CFXTEN for a period of time sufficient to 
achieve and/or maintain the desired parameter or clinical 
effect, and Such consecutive doses of a therapeutically effec 
tive amount establishes the therapeutically effective dose 
regimen for the CFXTEN, i.e., the schedule for consecutively 
administered doses of the fusion protein composition, 
wherein the doses are given in therapeutically effective 
amounts to result in a Sustained beneficial effect on any clini 
cal sign or symptom, aspect, measured parameter or charac 
teristic of a coagulation factor-related disease state or condi 
tion, including, but not limited to, those described herein. In 
one embodiment, the method comprises administering a 
therapeutically-effective amount of a pharmaceutical compo 
sition comprising a CFXTEN fusion protein composition 
comprising a CF linked to an XTEN sequence(s) and at least 
one pharmaceutically acceptable carrier to a Subject in need 
thereof that results in greater improvement in at least one 
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parameter, physiologic condition, or clinical outcome medi 
ated by the CF component(s) (non-limiting examples of 
which are described above) compared to the effect mediated 
by administration of a pharmaceutical composition compris 
ing a CF not linked to XTEN and administered at a compa 
rable dose. In one embodiment, the pharmaceutical compo 
sition is administered at a therapeutically effective dose. In 
another embodiment, the pharmaceutical composition is 
administered using multiple consecutive doses using a thera 
peutically effective dose regimen (as defined herein) for the 
length of the dosing period. 
0244 Atherapeutically effective amount of the CFXTEN 
varies according to factors such as the disease state, age, sex, 
and weight of the individual, and the ability of the adminis 
tered fusion protein to elicit a desired response in the indi 
vidual. A therapeutically effective amount is also one in 
which any toxic or detrimental effects of the CFXTEN are 
outweighed by the therapeutically beneficial effects. A pro 
phylactically effective amount refers to an amount of CFX 
TEN required for the period of time necessary to achieve the 
desired prophylactic result; e.g., delayed onset of a bleeding 
episode. In the methods of treatment, the dose of the CFX 
TEN that is administered to a subject ranges from about 0.5 
mg to 1000 mg/dose, or from about 1 mg to 400 mg/dose, or 
from about 10 mg to about 300 mg/dose for a 70kg subject as 
loading and maintenance doses, depending on the weight of 
the subject and the severity of the condition. 
0245. The method of treatment comprises administration 
of a CFXTEN using a therapeutically effective dose regimen 
to effect improvements in one or more parameters associated 
with coagulation factor diseases, disorders or conditions. In 
some embodiments, administration of the CFXTEN to a sub 
ject results in an improvement in one or more of the biochemi 
cal, physiologic, or clinical parameters that is of greater mag 
nitude than that of the corresponding CF component not 
linked to XTEN, determined using the same assay or based on 
a measured clinical parameter. In other embodiments, admin 
istration of the CFXTEN to a subject using a therapeutically 
effective dose regimen results in activity in one or more of the 
biochemical, physiologic, or clinical parameters that is of 
longer duration than the activity of one of the single CF 
components not linked to XTEN, determined using that same 
assay or based on a measured clinical parameter. In one 
embodiment of the foregoing, the administration of the CFX 
TEN to a subject using a therapeutically effective dose regi 
men results in an improvement in prothrombin time or acti 
vated partial thromboplastin time of at least about 10%, or 
about 20%, or about 30%, or about 40%, or about 50%, or 
about 60%, or about 70%, or about 80%, or about 90%, or 
about 100% or more in the subject compared to a comparable 
dose of CF not linked to XTEN administered to a subject. In 
another embodiment of the foregoing, the administration of 
the CFXTEN to a subject using a therapeutically effective 
dose regimen results in decreased instances of bleeding in the 
subject of at least about 10%, or about 20%, or about 30%, or 
about 40%, or about 50% or more compared to a comparable 
dose regimen of CF not linked to XTEN administered to a 
Subject. 
0246 The invention further contemplates that CFXTEN 
used in accordance with the methods provided herein is 
administered in conjunction with other treatment methods 
and compositions (e.g., other coagulation proteins) useful for 
treating coagulation factor-related diseases, disorders, and 
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conditions, or conditions for which coagulation factor is 
adjunctive therapy; e.g., bleeding episodes due to injury or 
Surgery. 

0247. In another aspect, the invention provides a method 
of designing the CFXTEN compositions with desired phar 
macologic or pharmaceutical properties. The CFXTEN 
fusion proteins are designed and prepared with various objec 
tives in mind (compared to the CF components not linked to 
the fusion protein), including improving the therapeutic effi 
cacy for the treatment of coagulation factor-related diseases, 
disorders, and conditions, enhancing the pharmacokinetic 
characteristics of the fusion proteins compared to the CF, 
lowering the dose or frequency of dosing required to achieve 
a pharmacologic effect, enhancing the pharmaceutical prop 
erties, and to enhance the ability of the CF components to 
remain within the therapeutic window for an extended period 
of time. 

0248. In general, the steps in the design and production of 
the fusion proteins and the inventive compositions, as illus 
trated in FIGS. 31-33, include: (1) the selection of CFs (e.g., 
native proteins, sequences of Tables 1 and 2, analogs or 
derivatives with activity) to treat the particular disease, dis 
order or condition; (2) selecting the XTEN that will confer the 
desired PK and physicochemical characteristics on the result 
ing CFXTEN (e.g., the administration of the CFXTEN com 
position to a subject results in the fusion protein being main 
tained within the therapeutic window for a greater period 
compared to CF not linked to XTEN); (3) establishing a 
desired N- to C-terminus configuration of the CFXTEN to 
achieve the desired efficacy or PK parameters; (4) establish 
ing the design of the expression vector encoding the config 
ured CFXTEN; (5) transforming a suitable host with the 
expression vector, and (6) expression and recovery of the 
resultant fusion protein. For those CFXTEN for which an 
increase in half-life (greater than 24 h) or an increased period 
of time spent within a therapeutic window is desired, the 
XTEN chosen for incorporation generally has at least about 
100, or about 144, or about 288, or about 432, or about 576, or 
about 864, or about 875, or about 912, or about 923 amino 
acid residues where a single XTEN is to be incorporated into 
the CFXTEN. In another embodiment, the CFXTEN com 
prises a first XTEN of the foregoing lengths, and at least a 
second XTEN of about 36, or about 72, or about 144, or about 
288, or about 576, or about 864, or about 875, or about 912, or 
about 923 amino acid residues. 

0249. In other embodiments, where an increase inhalf-life 
is not required, but an increase in a pharmaceutical property 
(e.g., solubility) is desired, a CFXTEN is designed to include 
XTEN of shorter lengths. In some embodiments of the fore 
going, the CFXTEN comprises a CF linked to an XTEN 
having at least about 24, or about 36, or about 48, or about 60, 
or about 72, or about 84, or about 96 amino acid residues, in 
which the solubility of the fusion protein under physiologic 
conditions is at least three-fold greater than the corresponding 
CF not linked to XTEN, or alternatively, at least four-fold, or 
five-fold, or six-fold, or seven-fold, or eight-fold, or nine 
fold, or at least 10-fold, or at least 20-fold, or at least 30-fold, 
or at least 50-fold, or at least 60-fold or greater than CF not 
linked to XTEN. In one embodiment of the foregoing, the CF 
is factor IX. In another embodiment, the CF is factor VII. In 
another embodiment, the XTEN is a sequence with at least 
about 80%, or about 90%, or about 95% sequence identity 
compared to a sequence from Tables 4, and 9-13. 
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0250 In another aspect, the invention provides methods of 
making CFXTEN compositions to improve ease of manufac 
ture, result in increased stability, increased water solubility, 
and/or ease of formulation, as compared to the native CF. In 
one embodiment, the invention includes a method of increas 
ing the water Solubility of a CF comprising the step of linking 
the CF to one or more XTEN such that a higher concentration 
in soluble form of the resulting CFXTEN can be achieved, 
under physiologic conditions, compared to the CF in an un 
fused state. Factors that contribute to the property of XTEN to 
confer increased water solubility of CFs when incorporated 
into a fusion protein include the high solubility of the XTEN 
fusion partner and the low degree of self-aggregation between 
molecules of XTEN in solution. In some embodiments, the 
method results in a CFXTEN fusion protein wherein the 
water solubility is at least about 20%, or at least about 30% 
greater, or at least about 50% greater, or at least about 75% 
greater, or at least about 90% greater, or at least about 100% 
greater, or at least about 150% greater, or at least about 200% 
greater, or at least about 400% greater, or at least about 600% 
greater, or at least about 800% greater, or at least about 
1000% greater, or at least about 2000% greater, or at least 
about 4000% greater, or at least about 6000% greater under 
physiologic conditions, compared to the un-fused CF. In one 
embodiment, the XTEN of the CFXTEN fusion protein is a 
sequence with at least about 80%, or about 90%, or about 95% 
sequence identity compared to a sequence from Tables 4, and 
9-13. 

0251. In another embodiment, the invention includes a 
method of increasing the shelf-life of a CF comprising the 
step of linking the CF with one or more XTEN selected such 
that the shelf-life of the resulting CFXTEN is extended com 
pared to the CF in an un-fused state. As used herein, shelf-life 
refers to the period of time over which the functional activity 
ofa CF or CFXTEN that is in solution or in some other storage 
formulation remains stable without undue loss of activity. As 
used herein, “functional activity” refers to a pharmacologic 
effect or biological activity, such as the ability to bind a 
receptor or ligand, or Substrate, or an enzymatic activity, or to 
display one or more known functional activities associated 
with a CF, as known in the art. A CF that degrades or aggre 
gates generally has reduced functional activity or reduced 
bioavailability compared to one that remains in Solution. Fac 
tors that contribute to the ability of the method to extend the 
shelf life of CFs when incorporated into a fusion protein 
include increased water solubility, reduced self-aggregation 
in solution, and increased heat stability of the XTEN fusion 
partner. In particular, the low tendency of XTEN to aggregate 
facilitates methods of formulating pharmaceutical prepara 
tions containing higher drug concentrations of CFs, and the 
heat-stability of XTEN contributes to the property of CFX 
TEN fusion proteins to remain soluble and functionally active 
for extended periods. In one embodiment, the method results 
in CFXTEN fusion proteins with “prolonged” or “extended” 
shelf-life that exhibit greater activity relative to a standard 
that has been Subjected to the same storage and handling 
conditions. The standard may be the un-fused full-length CF. 
In one embodiment, the method includes the step of formu 
lating the isolated CFXTEN with one or more pharmaceuti 
cally acceptable excipients that enhance the ability of the 
XTEN to retain its unstructured conformation and for the 
CFXTEN to remain soluble in the formulation for a time that 
is greater than that of the corresponding un-fused CF. In one 
embodiment, the method comprises linking a CF to one or 
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more XTEN selected from Tables 4 and 9-13 to create a 
CFXTEN fusion protein results in a solution that retains 
greater than about 100% of the functional activity, or greater 
than about 105%, 110%, 120%, 130%, 150% or 200% of the 
functional activity of a standard when compared at a given 
time point and when Subjected to the same storage and han 
dling conditions as the standard, thereby increasing its shelf 
life. 
0252. Shelf-life may also be assessed in terms of func 
tional activity remaining after storage, normalized to func 
tional activity when storage began. CFXTEN fusion proteins 
of the invention with prolonged or extended shelf-life as 
exhibited by prolonged or extended functional activity retain 
about 50% more functional activity, or about 60%, 70%,80%, 
or 90% more of the functional activity of the equivalent CF 
not linked to XTEN when subjected to the same conditions 
for the same period of time. For example, a CFXTEN fusion 
protein of the invention comprising coagulation factor fused 
to one or more XTEN sequences selected from Tables 4 and 
9-13 retains about 80% or more of its original activity in 
solution for periods of up to 2 weeks, or 4 weeks, or 6 weeks 
or longer under various temperature conditions. In some 
embodiments, the CFXTEN retains at least about 50%, or 
about 60%, or at least about 70%, or at least about 80%, and 
most preferably at least about 90% or more of its original 
activity in solution when heated at 80°C. for 10 min. In other 
embodiments, the CFXTEN retains at least about 50%, pref 
erably at least about 60%, or at least about 70%, or at least 
about 80%, or alternatively at least about 90% or more of its 
original activity in solution when heated or maintained at 37° 
C. for about 7 days. In another embodiment, CFXTEN fusion 
protein retains at least about 80% or more of its functional 
activity after exposure to a temperature of about 30° C. to 
about 70° C. over a period of time of about one hour to about 
18 hours. In the foregoing embodiments hereinabove 
described in this paragraph, the retained activity of the CFX 
TEN is at least about two-fold, or at least about three-fold, or 
at least about four-fold, or at least about five-fold, or at least 
about six-fold greater at a given time point than that of the 
corresponding CF not linked to the fusion protein. 

VII). The Nucleic Acids Sequences of the Invention 
0253) The present invention provides isolated polynucleic 
acids encoding CFXTEN chimeric fusion proteins and 
sequences complementary to polynucleic acid molecules 
encoding CFXTEN chimeric fusion proteins, including 
homologous variants thereof. In another aspect, the invention 
encompasses methods to produce polynucleic acids encoding 
CFXTEN chimeric fusion proteins and sequences comple 
mentary to polynucleic acid molecules encoding CFXTEN 
chimeric fusion protein, including homologous variants 
thereof. In general, and as illustrated in FIGS. 4-6, the meth 
ods of producing a polynucleotide sequence coding for a 
CFXTEN fusion protein and expressing the resulting gene 
product include assembling nucleotides encoding CF and 
XTEN, ligating the components in frame, incorporating the 
encoding gene into an expression vector appropriate for a host 
cell, transforming the appropriate host cell with the expres 
sion vector, and culturing the host cell under conditions caus 
ing or permitting the fusion protein to be expressed in the 
transformed host cell, thereby producing the biologically 
active CFXTEN polypeptide, which is recovered as an iso 
lated fusion protein by standard protein purification methods 
known in the art. Standard recombinant techniques in 
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molecular biology is used to make the polynucleotides and 
expression vectors of the present invention. 
0254. In accordance with the invention, nucleic acid 
sequences that encode CFXTEN (or its complement) is used 
to generate recombinant DNA molecules that direct the 
expression of CFXTEN fusion proteins in appropriate host 
cells. Several cloning strategies are suitable for performing 
the present invention, many of which is used to generate a 
construct that comprises a gene coding for a fusion protein of 
the CFXTEN composition of the present invention, or its 
complement. In some embodiments, the cloning strategy is 
used to create a gene that encodes a monomeric CFXTEN that 
comprises at least a first CF and at least a first XTEN polypep 
tide, or their complement. In one embodiment of the forego 
ing, the gene comprises a sequence encoding a CF or 
sequence variant. In other embodiments, the cloning strategy 
is used to create a gene that encodes a monomeric CFXTEN 
that comprises nucleotides encoding at least a first molecule 
of CF or its complement and a first and at least a second 
XTEN or their complement that is used to transform a host 
cell for expression of the fusion protein of the CFXTEN 
composition. In the foregoing embodiments hereinabove 
described in this paragraph, the genes can further comprise 
nucleotides encoding spacer sequences that also encode 
cleavage sequence(s). 
0255. In designing a desired XTEN sequences, it was dis 
covered that the non-repetitive nature of the XTEN of the 
inventive compositions is achieved despite use of a “building 
block” molecular approach in the creation of the XTEN 
encoding sequences. This was achieved by the use of a library 
of polynucleotides encoding peptide sequence motifs, 
described above, that are then ligated and/or multimerized to 
create the genes encoding the XTEN sequences (see FIGS. 4 
and 5 and Examples). Thus, while the XTEN(s) of the 
expressed fusion protein may consist of multiple units of as 
few as four different sequence motifs, because the motifs 
themselves consist of non-repetitive amino acid sequences, 
the overall XTEN sequence is rendered non-repetitive. 
Accordingly, in one embodiment, the XTEN-encoding poly 
nucleotides comprise multiple polynucleotides that encode 
non-repetitive sequences, or motifs, operably linked in frame 
and in which the resulting expressed XTEN amino acid 
sequences are non-repetitive. 
0256 In one approach, a construct is first prepared con 
taining the DNA sequence corresponding to CFXTEN fusion 
protein. DNA encoding the CF of the compositions is 
obtained from a cDNA library prepared using standard meth 
ods from tissue or isolated cells believed to possess CF 
mRNA and to express it at a detectable level. Libraries is 
screened with probes containing, for example, about 20 to 
100 bases designed to identify the CF gene of interest by 
hybridization using conventional molecular biology tech 
niques. The best candidates for probes are those that represent 
sequences that are highly homologous for coagulation factor, 
and should be of Sufficient length and Sufficiently unambigu 
ous that false positives are minimized, but may be degenerate 
at one or more positions. If necessary, the coding sequence 
can be obtained using conventional primer extension proce 
dures as described in Sambrook, et al., Supra, to detect pre 
cursors and processing intermediates of mRNA that may not 
have been reverse-transcribed into cDNA. One can then use 
polymerase chain reaction (PCR) methodology to amplify the 
target DNA or RNA coding sequence to obtain sufficient 
material for the preparation of the CFXTEN constructs con 
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taining the CF gene(s). Assays can then be conducted to 
confirm that hybridizing full-length genes are the desired CF 
gene(s). By these conventional methods, DNA can be conve 
niently obtained from a cDNA library prepared from such 
Sources. The CF encoding gene(s) is also be obtained from a 
genomic library or created by Standard synthetic procedures 
known in the art (e.g., automated nucleic acid synthesis using, 
for example one of the methods described in Engels et al. 
(Agnew. Chem. Int. Ed. Engl., 28:716-734 1989)), using 
DNA sequences obtained from publicly available databases, 
patents, or literature references. Such procedures are well 
known in the art and well described in the scientific and patent 
literature. For example, sequences can be obtained from 
Chemical Abstracts Services (CAS) Registry Numbers (pub 
lished by the American Chemical Society) and/or GenBank 
Accession Numbers (e.g., Locus ID, NP XXXXX, and 
XP XXXXX) Model Protein identifiers available through 
the National Center for Biotechnology Information (NCBI) 
webpage, available on the world wide web at ncbi.nlm.nih. 
gov that correspond to entries in the CAS Registry or Gen 
Bank database that contain an amino acid sequence of the 
protein of interest or of a fragment or variant of the protein. 
For Such sequence identifiers provided herein, the Summary 
pages associated with each of these CAS and GenBank and 
GenSeq Accession Numbers as well as the cited journal pub 
lications (e.g., PubMed ID number (PMID)) are each incor 
porated by reference in their entireties, particularly with 
respect to the amino acid sequences described therein. In one 
embodiment, the CF encoding gene encodes a protein from 
any one of Table 1 or Table 2, or a fragment or variant thereof. 
0257. A gene or polynucleotide encoding the CF portion 
of the subject CFXTEN protein, in the case of an expressed 
fusion protein that comprises a single CF is then be cloned 
into a construct, which is a plasmid or other vector under 
control of appropriate transcription and translation sequences 
for high level protein expression in a biological system. In a 
later step, a second gene or polynucleotide coding for the 
XTEN is genetically fused to the nucleotides encoding the N 
and/or C-terminus of the CF gene by cloning it into the 
construct adjacent and in frame with the gene(s) coding for 
the CF. This second step occurs through a ligation or multi 
merization step. In the foregoing embodiments hereinabove 
described in this paragraph, it is to be understood that the gene 
constructs that are created can alternatively be the comple 
ment of the respective genes that encode the respective fusion 
proteins. 
0258. The gene encoding for the XTEN can be made in 
one or more steps, either fully synthetically or by synthesis 
combined with enzymatic processes, such as restriction 
enzyme-mediated cloning, PCR and overlap extension, 
including methods more fully described in the Examples. The 
methods disclosed herein can be used, for example, to ligate 
short sequences of polynucleotides encoding XTEN into 
longer XTEN genes of a desired length and sequence. In one 
embodiment, the method ligates two or more codon-opti 
mized oligonucleotides encoding XTEN motif or segment 
sequences of about 9 to 14 amino acids, or about 12 to 20 
amino acids, or about 18 to 36 amino acids, or about 48 to 
about 144 amino acids, or about 144 to about 288 or longer, or 
any combination of the foregoing ranges of motif or segment 
lengths. 
0259 Alternatively, the disclosed method is used to mul 
timerize XTEN-encoding sequences into longer sequences of 
a desired length; e.g., a gene encoding 36 amino acids of 
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XTEN can be dimerized into a gene encoding 72 amino acids, 
then 144, then 288, etc. Even with multimerization, XTEN 
polypeptides can be constructed such that the XTEN-encod 
ing gene has low or virtually no repetitiveness through design 
of the codons selected for the motifs of the shortest unit being 
used, which can reduce recombination and increase stability 
of the encoding gene in the transformed host. Genes encoding 
XTEN with non-repetitive sequences is assembled from oli 
gonucleotides using standard techniques of gene synthesis. 
The gene design can be performed using algorithms that 
optimize codon usage and amino acid composition. In one 
method of the invention, a library of relatively short XTEN 
encoding polynucleotide constructs is created and then 
assembled, as illustrated in FIGS. 4 and 5. This can be a pure 
codon library such that each library member has the same 
amino acid sequence but many different coding sequences are 
possible. Such libraries can be assembled from partially ran 
domized oligonucleotides and used to generate large libraries 
of XTEN segments comprising the sequence motifs. The 
randomization scheme can be optimized to control amino 
acid choices for each position as well as codon usage. Exem 
plary methods to achieve the foregoing are disclosed in the 
Examples. 

Polynucleotide Libraries 
0260. In another aspect, the invention provides libraries of 
polynucleotides that encode XTEN sequences that are used to 
assemble genes that encode XTEN of a desired length and 
Sequence. 
0261. In certain embodiments, the XTEN-encoding 
library constructs comprise polynucleotides that encode 
polypeptide segments of a fixed length. As an initial step, a 
library of oligonucleotides that encode motifs of 9-14 amino 
acid residues can be assembled. In a preferred embodiment, 
libraries of oligonucleotides that encode motifs of 12 amino 
acids are assembled. 
0262 The XTEN-encoding sequence segments can be 
dimerized or multimerized into longer encoding sequences. 
Dimerization or multimerization can be performed by liga 
tion, overlap extension, PCR assembly or similar cloning 
techniques known in the art. This process of can be repeated 
multiple times until the resulting XTEN-encoding sequences 
have reached the organization of sequence and desired length, 
providing the XTEN-encoding genes. As will be appreciated, 
a library of polynucleotides that encodes, e.g., 12 amino acid 
motifs can be dimerized and/or ligated into a library of poly 
nucleotides that encode 36 amino acids. Libraries encoding 
motifs of different lengths; e.g., 9-14 amino acid motifs lead 
ing to libraries encoding 27 to 42 amino acids are contem 
plated by the invention. In turn, the library of polynucleotides 
that encode 27 to 42 amino acids, and preferably 36 amino 
acids (as described in the Examples) can be serially dimerized 
into a library containing Successively longer lengths of poly 
nucleotides that encode XTEN sequences of a desired length 
for incorporation into the gene encoding the CFXTEN fusion 
protein, as disclosed herein. In some embodiments, libraries 
are assembled of polynucleotides that encode amino acids 
that are limited to specific sequence XTEN families; e.g., AD, 
AE, AF, AG, AM, or AQ sequences of Table 3. In other 
embodiments, libraries comprise sequences that encode two 
or more of the motif family sequences from Table 3. The 
names and sequences of representative, non-limiting poly 
nucleotide sequences of libraries that encode 36mers are pre 
sented in Tables 9-12, and the methods used to create them are 
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described more fully in the respective Examples. In other 
embodiments, libraries that encode XTEN are constructed 
from segments of polynucleotide codons linked in a random 
ized sequence that encode amino acids wherein at least about 
80%, or at least about 90%, or at least about 91%, or at least 
about 92%, or at least about 93%, or at least about 94%, or at 
least about 95%, or at least about 97%, or at least about 98%, 
or at least about 99% of the codons are selected from the 
group consisting of condons for glycine (G), alanine (A), 
serine (S), threonine (T), glutamate (E) and proline (P) amino 
acids. The libraries can be used, in turn, for serial dimeriza 
tion or ligation to achieve polynucleotide sequence libraries 
that encode XTEN sequences, for example, of 48, 72, 144, 
288, 576,864, 875,912, 923, 1318 amino acids, or up to a 
total length of about 3000 amino acids, as well as intermedi 
ate lengths, in which the encoded XTEN can have one or more 
of the properties disclosed herein, when expressed as a com 
ponent of a CFXTEN fusion protein. In some cases, the 
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polynucleotide library sequences may also include additional 
bases used as "sequencing islands.” described more fully 
below. 
0263 FIG. 5 is a schematic flowchart of representative, 
non-limiting steps in the assembly of a XTEN polynucleotide 
construct and a CFXTEN polynucleotide construct in the 
embodiments of the invention. Individual oligonucleotides 
501 are annealed into sequence motifs 502 such as a 12 amino 
acid motif (“12-mer'), which is subsequently ligated with an 
oligo containing BbsI, and KpnI restriction sites 503. Addi 
tional sequence motifs from a library are annealed to the 
12-mer until the desired length of the XTEN gene 504 is 
achieved. The XTEN gene is cloned into a stuffer vector. The 
vector optionally encodes a Flag sequence 506 followed by a 
stuffer sequence that is flanked by Bsal, BbsI, and KpnI sites 
507 and, in this case, a single CF gene (encoding FIX in this 
example) 508, resulting in the gene encoding a CFXTEN 
comprising a single CF 500. A non-exhaustive list of the 
XTEN names for polynucleotides encoding XTEN and pre 
cursor sequences is provided in Table 8. 

TABLE 8 

DNA sequences of XTEN and precursor sequences 

SEQ 
XTEN ID 
Name 

AE48 

NO: DNA. Nucleotide Sequence 

111ATGGCTGAACCTGCTGGCTCTCCAACCTCCACTGAGGAAGGTACCCCGGGTAGC 
GGTACTGCTTCTTCCTCTCCAGGTAGCTCTACCCCTTCTGGTGCAACCGGCTCTC 
CAGGTGCTTCTCCGGGCACCAGCTCTACCGGTTCT 

AM48 112 ATGGCTGAACCTGCTGGCTCTCCAACCTCCACTGAGGAAGGTGCATCCCCGGGC 
ACCAGCTCTACCGGTTCTCCAGGTAGCTCTACCCCGTCTGGTGCTACCGGCTCTC 
CAGGTAGCTCTACCCCGTCTGGTGCTACTGGCTCT 

AE144 

GGTAGCCCGGCAGGCTCTCCGAC 

113. GGTAGCGAACCGGCAACTTCCGGCTCTGAAACCCCAGGTACTTCTGAAAGCGCT 
ACTCCTGAGTCTGGCCCAGGTAGCGAACCTGCTACCTCTGGCTCTGAAACCCCA 

CTCCACCGAGGAAGGTACCTCTACTGAACCT 
TCTGAGGGTAGCGCTCCAGGTAGCGAACCGGCAACCTCTGGCTCTGAAACCCCA 
GGTAGCGAACCTGCTACCTCCGGCTCTGAAACTCCAGGTAGCGAACCGGCTACT 

AF144 

AE288 

AE576 

114 

115 

116 

TCCGGCTCTGAGACTCCAGGTACC 
GGTAGCGAACCTGCAACCTCTGGC 
ACTCCTGAATCTGGCCCAGGTACT 
GGTAGCCCTGCTGGCTCTCCAACC 
ACCCCTGAATCCGGCCCAGGTAGCGAACCGGCAACCTCCGGTTCTGAAACCCCA 
GGTACTTCTGAAAGCGCTACTCCTGAGTCCGGCCCAGGTAGCCCGGCTGGCTCT 
CCGACTTCCACCGAGGAAGGTAGCCCGGCTGGCTCTCCAACTTCTACTGAAGAA 
GGTACTTCTACCGAACCTTCCGAGGGCAGCGCACCAGGTACTTCTGAAAGCGCT 
ACCCCTGAGTCCGGCCCAGGTACT 
GGTACTTCTGAAAGCGCTACCCCGGAATCTGGCCCAGGTAGCGAACCGGCTACT 
TCTGGTTCTGAAACCCCAGGTAGCGAACCGGCTACCTCCGGTTCTGAAACTCCA 
GGTAGCCCAGCAGGCTCTCCGACT 
TCCGAAGGCAGCGCACCAGGTACC 

GGTAGCGAACCTGCAACCTCTGGC 
ACTCCTGAATCTGGCCCAGGTACT 

GGTAGCCCGGCTGGCTCTCCTACC 
ACTCCTGAGTCTGGTCCAGGTACC 

TCCGGTTCTGAAACTCCAGGTAC CTCTACCGAACCTTCCGAAGGCAGCGCACCA 
GGTACTTCTGAAAGCGCAACCCCTGAATCCGGTCCAGGTAGCGAACCGGCTACT 
TCTGGCTCTGAGACTCCAGGTACTTCTACCGAACCGTCCGAAGGTAGCGCACCA 

GGTACTTCTACTCCGGAAAGCGGTTCCGCATCTCCAGGTACTTCTCCTAGCGGTG 
AATCTTCTACTGCTCCAGGTACCTCTCCTAGCGGCGAATCTTCTACTGCTCCAGG 
TTCTACCAGCTCTACCGCTGAATCTCCTGGCCCAGGTTCTACCAGCGAATCCCCG 
TCTGGCACCGCACCAGGTTCTACTAGCTCTACCGCAGAATCTCCGGGTCCAGGT 
ACTTCCCCTAGCGGTGAATCTTCTACTGCTCCAGGTAC CTCTACTCCGGAAAGCG 
GCTCCGCATCTCCAGGTTCTACTAGCTCTACTGCTGAATCTCCTGGTCCAGGTAC 
CTCCCCTAGCGGCGAATCTTCTACTGCTCCAGGTAC CTCTCCTAGCGGCGAATCT 
TCTACCGCTCCAGGTACCTCCCCTAGCGGTGAATCTTCTACCGCACCA 

GGTAC CTCTGAAAGCGCAACTCCTGAGTCTGGCCCAGGTAGCGAACCTGCTACC 
CTGAAAGCGCAACCCCGGAATCTGGTCCA 
CTGAAACCCCAGGTACCTCTGAAAGCGCT 
CTACTGAACCGTCCGAGGGCAGCGCACCA 
CCACCGAAGAAGGTACCTCTGAAAGCGCA 

CTGAAAGCGCTACTCCTGAATCCGGTCCA 

CCACTGAGGAAGGTACTTCTACTGAACCT 
CTACTGAACCTTCTGAGGGCAGCGCTCCA 

CTGAAACCCCAGGTACCTCTGAAAGCGCT 
CTACTGAACCGTCCGAGGGCAGCGCACCA 

CTACTGAGGAAGGTACTTCTGAAAGCGCT 
CTACTGAACCGTCCGAAGGTAGCGCTCCA 
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DNA sequences of XTEN and precursor sequences 

SEQ 
ID 
NO: 

XTEN 
Name 

/0046060A1 
59 

TABLE 8- continued 

DNA. Nucleotide Sequence 

CAGGTACTAGTGAGTCCGCAACCAGCGAATCCGGCGCAGGTAGCGAAACCGCA 
ACCTCCGGTTCTGAAACTGCAGGTACTAGCGAATCCGCAACCAGCGAATCTGGC 
GCAGGTAGCGAAACTGCTACTTCCGGCTCTGAGACTGCAGGTACTTCCACCGAA 
GCAAGCGAAGGTTCCGCATCAGGTACTTCCACCGAGGCTAGTGAAGGCTCTGCA 
TCAGGTAGCACTGCTGGCTCCGAGACTTCTACCGAAGCAGGTAGCACTGCAGGT 
TCCGAAACTTCCACTGAAGCAGGTAGCGAAACTGCTACCTCTGGCTCTGAGACT 
GCAGGTACTAGCGAATCTGCTACTAGCGAATCCGGCGCAGGTACTAGCGAATCC 
GCTACCAGCGAATCCGGCGCAGGTAGCGAAACTGCAACCTCTGGTTCCGAGACT 
GCAGGTAGCGAAACTGCTACTTCCGGCTCCGAGACTGCAGGTAGCGAAACTGCT 
ACTTCTGGCTCCGAAACTGCAGGTACTTCTACTGAGGCTAGTGAAGGTTCCGCA 
TCAGGTACTAGCGAGTCCGCAACCAGCGAATCCGGCGCAGGTAGCGAAACTGC 
TACCTCTGGCTCCGAGACTGCAGGTAGCGAAACTGCAAC CTCTGGCTCTGAAAC 
TGCAGGTACTAGCGAATCTGCTACTAGCGAATCCGGCGCAGGTACTAGCGAATC 
CGCTACCAGCGAATCCGGCGCAGGTAGCGAAACTGCAAC CTCTGGTTCCGAGAC 
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0264. One may clone the library of XTEN-encoding genes 
into one or more expression vectors known in the art. To 
facilitate the identification of well-expressing library mem 
bers, one can construct the library as fusion to a reporter 
protein. Non-limiting examples of suitable reporter genes are 
green fluorescent protein, luciferace, alkaline phosphatase, 
and beta-galactosidase. By screening, one can identify short 
XTEN sequences that can be expressed in high concentration 
in the host organism of choice. Subsequently, one can gener 
ate a library of random XTEN dimers and repeat the screen 
for high level of expression. Subsequently, one can screen the 
resulting constructs for a number of properties Such as level of 
expression, protease stability, or binding to antiserum. 
0265. One aspect of the invention is to provide polynucle 
otide sequences encoding the components of the fusion pro 
tein wherein the creation of the sequence has undergone 
codon optimization. Of particular interest is codon optimiza 
tion with the goal of improving expression of the polypeptide 
compositions and to improve the genetic stability of the 
encoding gene in the production hosts. For example, codon 
optimization is of particular importance for XTEN sequences 
that are rich in glycine or that have very repetitive amino acid 
sequences. Codon optimization is performed using computer 
programs (Gustafsson, C., et al. (2004) Trends Biotechnol, 
22: 346-53), some of which minimize ribosomal pausing 
(Coda Genomics Inc.). In one embodiment, one can perform 
codon optimization by constructing codon libraries where all 
members of the library encode the same amino acid sequence 
but where codon usage is varied. Such libraries can be 
screened for highly expressing and genetically stable mem 
bers that are particularly suitable for the large-scale produc 
tion of XTEN-containing products. When designing XTEN 
sequences one can consider a number of properties. One can 
minimize the repetitiveness in the encoding DNA sequences. 
In addition, one can avoid or minimize the use of codons that 
are rarely used by the production host (e.g. the AGG and AGA 
arginine codons and one leucine codon in E. coli). In the case 
of E. coli, two glycine codons, GGA and GGG, are rarely 
used in highly expressed proteins. Thus codon optimization 
of the gene encoding XTEN sequences can be very desirable. 
DNA sequences that have a high level of glycine tend to have 
a high GC content that can lead to instability or low expres 

sion levels. Thus, when possible, it is preferred to choose 
codons such that the GC-content of XTEN-encoding 
sequence is Suitable for the production organism that will be 
used to manufacture the XTEN. 
0266 Optionally, the full-length XTEN-encoding gene 
comprises one or more sequencing islands. In this context, 
sequencing islands are short-stretch sequences that are dis 
tinct from the XTEN library construct sequences and that 
include a restriction site not present or expected to be present 
in the full-length XTEN-encoding gene. In one embodiment, 
a sequencing island is the sequence 5'-AGGTGCAAGCG 
CAAGCGGCGCGCCAAGCACGGGAGGT3' (SEQ ID 
NO: 128). In another embodiment, a sequencing island is the 
Sequence 5'-AGGTCCAGAACCAACGGGGCCGGC 
CCCAAGCGGAGGT-3' (SEQID NO: 129). 
0267 In one embodiment, polynucleotide libraries are 
constructed using the disclosed methods wherein all mem 
bers of the library encode the same amino acid sequence but 
where codon usage for the respective amino acids in the 
sequence is varied. Such libraries can be screened for highly 
expressing and genetically stable members that are particu 
larly suitable for the large-scale production of XTEN-con 
taining products. 
0268 Optionally, one can sequence clones in the library to 
eliminate isolates that contain undesirable sequences. The 
initial library of short XTEN sequences allows some variation 
in amino acid sequence. For instance one can randomize 
Some codons such that a number of hydrophilic amino acids 
can occur in a particular position. During the process of 
iterative multimerization one can screen the resulting library 
members for other characteristics like solubility or protease 
resistance in addition to a screen for high-level expression. 
0269. Once the gene that encodes the XTEN of desired 
length and properties is selected, it is genetically fused at the 
desired location to the nucleotides encoding the CF gene(s) 
by cloning it into the construct adjacent and in frame with the 
gene coding for CF, or alternatively between nucleotides 
encoding adjacent domains of the CF, or alternatively within 
a sequence encoding a given CF domain, or alternatively in 
frame with nucleotides encoding a spacer/cleavage sequence 
linked to a terminal XTEN. The invention provides various 
permutations of the foregoing, depending on the CFXTEN to 
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be encoded. For example, a gene encoding a CFXTEN fusion 
protein comprising a CF and two XTEN, such as embodied by 
formula VI, as depicted above, the gene would have poly 
nucleotides encoding CF, encoding two XTEN, which can be 
identical or different in composition and sequence length. In 
one non-limiting embodiment of the foregoing, the CF poly 
nucleotides would encode coagulation factor and the poly 
nucleotides encoding the C-terminus XTEN would encode 
AE864 and the polynucleotides encoding an internal XTEN 
adjacent to the C-terminus of EGF2 would encode AE144. 
The step of cloning the CF genes into the XTEN construct can 
occur through a ligation or multimerization step, as shown in 
FIG. 32. The constructs encoding CFXTEN fusion proteins 
can be designed in different configurations of the components 
XTEN, CF, and spacer sequences. Such as the configurations 
of formulae I-VI. In one embodiment, the construct com 
prises polynucleotide sequences complementary to, or those 
that encode a monomeric polypeptide of components in the 
following order (5' to 3') CF and XTEN. In another embodi 
ment, the construct comprises polynucleotide sequences 
complementary to, or those that encode a monomeric 
polypeptide of components in the following order (5' to 3') 
CF, spacer sequence, and XTEN. The spacer polynucleotides 
can optionally comprise sequences encoding cleavage 
sequences. As will be apparent to those of skill in the art, other 
permutations or multimers of the foregoing are possible. 
0270. The invention also encompasses polynucleotides 
comprising XTEN-encoding polynucleotide variants that 
have a high percentage of sequence identity compared to (a) 
a polynucleotide sequence from Table 8, or (b) sequences that 
are complementary to the polynucleotides of (a). A poly 
nucleotide with a high percentage of sequence identity is one 
that has at least about an 80% nucleic acid sequence identity, 
alternatively at least about 81%, alternatively at least about 
82%, alternatively at least about 83%, alternatively at least 
about 84%, alternatively at least about 85%, alternatively at 
least about 86%, alternatively at least about 87%, alterna 
tively at least about 88%, alternatively at least about 89%, 
alternatively at least about 90%, alternatively at least about 
91%, alternatively at least about 92%, alternatively at least 
about 93%, alternatively at least about 94%, alternatively at 
least about 95%, alternatively at least about 96%, alterna 
tively at least about 97%, alternatively at least about 98%, and 
alternatively at least about 99% nucleic acid sequence iden 
tity compared to (a) or (b) of the foregoing, or that can 
hybridize with the target polynucleotide or its complement 
under stringent conditions. 
0271 Homology, sequence similarity or sequence identity 
of nucleotide or amino acid sequences may also be deter 
mined conventionally by using known software or computer 
programs such as the BestFit or Gap pairwise comparison 
programs (GCG Wisconsin Package, Genetics Computer 
Group, 575 Science Drive, Madison, Wis. 53711). BestFit 
uses the local homology algorithm of Smith and Waterman 
(Advances in Applied Mathematics. 1981. 2: 482-489), to 
find the best segment of identity or similarity between two 
sequences. Gap performs global alignments: all of one 
sequence with all of another similar sequence using the 
method of Needleman and Wunsch, (Journal of Molecular 
Biology. 1970. 48:443-453). When using a sequence align 
ment program Such as BestFit, to determine the degree of 
sequence homology, similarity or identity, the default setting 
may be used, or an appropriate scoring matrix may be 
selected to optimize identity, similarity or homology scores. 
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0272 Nucleic acid sequences that are “complementary’ 
are those that are capable of base-pairing according to the 
standard Watson-Crick complementarity rules. As used 
herein, the term "complementary sequences' means nucleic 
acid sequences that are Substantially complementary, as may 
be assessed by the same nucleotide comparison set forth 
above, or as defined as being capable of hybridizing to the 
polynucleotides that encode the CFXTEN sequences under 
stringent conditions, such as those described herein. 
0273. The resulting polynucleotides encoding the CFX 
TEN chimeric fusion proteins can then be individually cloned 
into an expression vector. The nucleic acid sequence is 
inserted into the vector by a variety of procedures. In general, 
DNA is inserted into an appropriate restriction endonuclease 
site(s) using techniques known in the art. Vector components 
generally include, but are not limited to, one or more of a 
signal sequence, an origin of replication, one or more marker 
genes, an enhancer element, a promoter, and a transcription 
termination sequence. Construction of Suitable vectors con 
taining one or more of these components employs standard 
ligation techniques which are known to the skilled artisan. 
Such techniques are well known in the art and well described 
in the scientific and patent literature. 
0274 Various vectors are publicly available. The vector 
may, for example, be in the form of a plasmid, cosmid, viral 
particle, or phage that may conveniently be subjected to 
recombinant DNA procedures, and the choice of vector will 
often depend on the host cell into which it is to be introduced. 
Thus, the vector may be an autonomously replicating vector, 
i.e., a vector, which exists as an extrachromosomal entity, the 
replication of which is independent of chromosomal replica 
tion, e.g., a plasmid. Alternatively, the vector may be one 
which, when introduced into a host cell, is integrated into the 
host cell genome and replicated together with the chromo 
Some(s) into which it has been integrated. 
0275. The invention provides for the use of plasmid vec 
tors containing replication and control sequences that are 
compatible with and recognized by the host cell, and are 
operably linked to the CFXTEN gene for controlled expres 
sion of the CFXTEN fusion proteins. The vector ordinarily 
carries a replication site, as well as sequences that encode 
proteins that are capable of providing phenotypic selection in 
transformed cells. Such vector sequences are well known for 
a variety of bacteria, yeast, and viruses. Useful expression 
vectors that can be used include, for example, segments of 
chromosomal, non-chromosomal and synthetic DNA 
sequences. “Expression vector” refers to a DNA construct 
containing a DNA sequence that is operably linked to a Suit 
able control sequence capable of effecting the expression of 
the DNA encoding the fusion protein in a suitable host. The 
requirements are that the vectors are replicable and viable in 
the host cell of choice. Low- or high-copy number vectors 
may be used as desired. 
0276. Other suitable vectors include, but are not limited to, 
derivatives of SV40 and pcDNA and known bacterial plas 
mids such as col EI, pCR1, pBR322, pMal-C2, pET, pGEX as 
described by Smith, et al., Gene 57:31-40 (1988), pMB9 and 
derivatives thereof, plasmids such as RP4, phage DNAs such 
as the numerous derivatives of phage I such as NM989, as 
well as other phage DNA such as M13 and filamentous single 
Stranded phage DNA; yeast plasmids such as the 2 micron 
plasmid or derivatives of the 2m plasmid, as well as cento 
meric and integrative yeast shuttle vectors; vectors useful in 
eukaryotic cells such as vectors useful in insect or mamma 
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liancells; vectors derived from combinations of plasmids and 
phage DNAs, such as plasmids that have been modified to 
employ phage DNA or the expression control sequences; and 
the like. Yeast expression systems that can also be used in the 
present invention include, but are not limited to, the non 
fusion pYES2 vector (Invitrogen), the fusion pYESHis A, B, 
C (Invitrogen), pRS vectors and the like. 
0277. The control sequences of the vector include a pro 
moter to effect transcription, an optional operator sequence to 
control Such transcription, a sequence encoding Suitable 
mRNA ribosome binding sites, and sequences that control 
termination of transcription and translation. The promoter 
may be any DNA sequence, which shows transcriptional 
activity in the host cell of choice and may be derived from 
genes encoding proteins either homologous or heterologous 
to the host cell. 
0278 Examples of suitable promoters for directing the 
transcription of the DNA encoding the CF polypeptide vari 
ant in mammalian cells are the SV40 promoter (Subramani et 
al., Mol. Cell. Biol. 1 (1981), 854-864), the MT-1 (metal 
lothionein gene) promoter (Palmiter et al., Science 222 
(1983), 809–814), the CMV promoter (Boshart et al., Cell 
41:521-530, 1985) or the adenovirus 2 major late promoter 
(Kaufman and Sharp, Mol. Cell. Biol, 2:1304-1319, 1982). 
The vector may also carry sequences such as UCOE (ubiqui 
tous chromatin opening elements). 
0279. Examples of suitable promoters for use in filamen 
tous fungus host cells are, for instance, the ADH3 promoter or 
the tpiA promoter. Examples of other useful promoters are 
those derived from the gene encoding A. Oryzae TAKA amy 
lase, Rhizomucor mieheiaspartic proteinase, A. niger neutral 
a-amylase, A. niger acid stable O.-amylase, A. niger or A. 
awamoriglucoamylase (gluA), Rhizomucor miehei lipase, A. 
Oryzae alkaline protease, A. oryzae triose phosphate 
isomerase or A. nidulans acetamidase. Preferred are the 
TAKA-amylase and gluA promoters. 
0280 Promoters suitable for use in expression vectors 
with prokaryotic hosts include the B-lactamase and lactose 
promoter systems Chang et al., Nature, 275:615 (1978); 
Goeddel et al., Nature, 281:544 (1979), alkaline phos 
phatase, a tryptophan (trp) promoter system Goeddel, 
Nucleic Acids Res., 8:4057 (1980); EP 36,776), and hybrid 
promoters such as the tac promoter deBoer et al., Proc. Natl. 
Acad. Sci. USA, 80:21-25 (1983), all is operably linked to 
the DNA encoding CFXTEN polypeptides. Promoters for use 
in bacterial systems can also contain a Shine-Dalgarno (S.D.) 
sequence, operably linked to the DNA encoding CFXTEN 
polypeptides. 
0281. The invention contemplates use of other expression 
systems including, for example, a baculovirus expression 
system with both non-fusion transfer vectors, such as, but not 
limited to pVL941 Summers, et al., Virology 84:390-402 
(1978)), pVL1393 (Invitrogen), pVL1392 (Summers, et al., 
Virology 84:390-402 (1978) and Invitrogen) and pBlue 
BacIII (Invitrogen), and fusion transfer vectors such as, but 
not limited to, p AcT00 (Summers, et al., Virology 84:390-402 
(1978)), pAc701 and p Ac70-2 (same as pac700, with differ 
ent reading frames), p.Ac360 Invitrogen) and pPlueBachis A. 
B, C (Invitrogen) can be used. 
0282. Examples of suitable promoters for directing the 
transcription of the DNA encoding the CF polypeptide vari 
ant in mammalian cells are the CMV promoter (Boshartet al., 
Cell 41:521-530, 1985), the SV40 promoter (Subramani et 
al., Mol. Cell. Biol. 1 (1981), 854-864), the MT-1 (metal 
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lothionein gene) promoter (Palmiter et al., Science 222 
(1983), 809–814), the adenovirus 2 major late promoter 
(Kaufman and Sharp, Mol. Cell. Biol, 2:1304-1319, 1982). 
The vector may also carry sequences such as UCOE (ubiqui 
tous chromatin opening elements). 
0283 Examples of suitable promoters for use in filamen 
tous fungus host cells are, for instance, the ADH3 promoter or 
the tpiA promoter. 
0284. The DNA sequences encoding the CFXTEN may 
also, if necessary, be operably connected to a suitable termi 
nator, such as the hCGH terminator (Palmiter et al., Science 
222, 1983, pp. 809-814) or the TPI1 terminators (Alber and 
Kawasaki, J. Mol. Appl. Gen. 1, 1982, pp. 419-434) or ADH3 
(McKnight et al., The EMBO J. 4, 1985, pp. 2093-2099). 
Expression vectors may also contain a set of RNA splice sites 
located downstream from the promoter and upstream from 
the insertion site for the CFXTEN sequence itself, including 
splice sites obtained from adenovirus. Also contained in the 
expression vectors is a polyadenylation signal located down 
stream of the insertion site. Particularly preferred polyadeny 
lation signals include the early or late polyadenylation signal 
from SV40 (Kaufman and Sharp, ibid.), the polyadenylation 
signal from the adenovirus 5 E1b region, the hCH terminator 
(DeNoto et al. Nucl. Acids Res. 9:3719-3730, 1981). The 
expression vectors may also include a noncoding viral leader 
sequence, such as the adenovirus 2 tripartite leader, located 
between the promoter and the RNA splice sites; and enhancer 
sequences, such as the SV40 enhancer. 
0285) To direct the CFXTEN of the present invention into 
the Secretory pathway of the host cells, a secretory signal 
sequence (a.k.a., a leader sequence, a prepro sequence, or a 
pre sequence) may be included in the recombinant vector. The 
secretory signal sequence is operably linked to the DNA 
sequences encoding the CFXTEN, usually positioned 5' to 
the DNA sequence encoding the CFXTEN fusion protein. 
The secretory signal sequence may be that, normally associ 
ated with the protein or may be from a gene encoding another 
secreted protein. Non-limiting examples include Omp.A, 
PhoA, and DsbA for E. coli expression, ppL-alpha, DEX4, 
invertase signal peptide, acid phosphatase signal peptide, 
CPY, or INU1 for yeast expression, and IL2L, SV40, IgG 
kappa and IgG lambda for mammalian expression. Signal 
sequences are typically proteolytically removed from the pro 
tein during the translocation and secretion process, generat 
ing a defined N-terminus. Methods are disclosed in Arnau, et 
al., Protein Expression and Purification 48: 1-13 (2006). 
0286 The procedures used to ligate the DNA sequences 
coding for the CFXTEN, the promoter and optionally the 
terminator and/or secretory signal sequence, respectively, 
and to insert them into Suitable vectors containing the infor 
mation necessary for replication, are well known to persons 
skilled in the art (cf., for instance, Sambrook et al., Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor, N.Y., 
1989). 
0287. In other cases, the invention provides constructs and 
methods of making constructs comprising an polynucleotide 
sequence optimized for expression that encodes at least about 
20 to about 60 amino acids with XTEN characteristics that 
can be included at the N-terminus of an XTEN carrier encod 
ing sequence (in other words, the polynucleotides encoding 
the 20-60 encoded optimized amino acids are linked in frame 
to polynucleotides encoding an XTEN component that is 
N-terminal to CF) to promote the initiation of translation to 
allow for expression of XTEN fusions at the N-terminus of 
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proteins without the presence of a helper domain. In an advan 
tage of the foregoing, the sequence does not require Subse 
quent cleavage, thereby reducing the number of steps to 
manufacture XTEN-containing compositions. As described 
in more detail in the Examples, the optimized N-terminal 
sequence has attributes of an unstructured protein, but may 
include nucleotide bases encoding amino acids selected for 
their ability to promote initiation of translation and enhanced 
expression. In one embodiment of the foregoing, the opti 
mized polynucleotide encodes an XTEN sequence with at 
least about 90% sequence identity compared to AE912. In 
another embodiment of the foregoing, the optimized poly 
nucleotide encodes an XTEN sequence with at least about 
90% sequence identity compared to AM923. In another 
embodiment of the foregoing, the optimized polynucleotide 
encodes an XTEN sequence with at least about 90% sequence 
identity compared to AE48. In another embodiment of the 
foregoing, the optimized polynucleotide encodes an XTEN 
sequence with at least about 90% sequence identity compared 
to AM48. In one embodiment, the optimized polynucleotide 
NTS comprises a sequence that exhibits at least about 80%, at 
least about 85%, at least about 90%, at least about 91%, at 
least about 92%, at least about 93%, at least about 94%, at 
least about 95%, at least about 96%, at least about 97%, at 
least about 98%, or at least about 99%, sequence identity 
compared to a sequence or its complement selected from 

(SEQ ID NO: 130) 
AE 48: 5-ATGGCTGAACCTGCTGGCTCTCCAAC CTCCACTGAGGAAG 

GTACCCCGGGTAGCGGTACTGCTTCTTCCTCTCCAGGTAGCTCTACCCC 

TTCTGGTGCAACCGGCTCTCCAGGTGCTTCTCCGGGCACCAGCTCTAC 

CGGTTCTCCA-3' 
and 

(SEQ ID NO: 131) 
AM 4 8: 5-ATGGCTGAACCTGCTGGCTCTCCAAC CTCCACTGAGGAAG 

GTGCATCCCCGGGCACCAGCTCTACCGGTTCTCCAGGTAGCTCTACCC 

CGTCTGGTGCTACCGGCTCTCCAGGTAGCTCTACCCCGTCTGGTGCTA 

CTGGCTCTCCA-3' 

0288. In this manner, a chimeric DNA molecule coding for 
a monomeric CFXTEN fusion protein is generated within the 
construct. Optionally, this chimeric DNA molecule may be 
transferred or cloned into another construct that is a more 
appropriate expression vector. At this point, a host cell 
capable of expressing the chimeric DNA molecule can be 
transformed with the chimeric DNA molecule. 

0289 Examples of mammalian cell lines for use in the 
present invention are the COS-1 (ATCC CRL 1650), COS-7 
(ATCCCRL 1651), BHK-21 (ATCCCCL 10)) and BHK-293 
(ATCC CRL 1573; Graham et al., J. Gen. Virol. 36:59-72, 
1977), BHK-570 cells (ATCCCRL 10314), CHO-K1 (ATCC 
CCL 61), CHO-S (Invitrogen 11619-012), and 293-F (Invit 
rogen R790-7). Atkts13 BHK cell line is also available from 
the ATCC under accession number CRL 1632. In addition, a 
number of other cell lines may be used within the present 
invention, including Rat Hep I (Rathepatoma; ATCC CRL 
1600), Rat Hep II (Rathepatoma; ATCC CRL 1548), TCMK 
(ATCC CCL 139), Human lung (ATCC HB 8065), NCTC 

62 
Feb. 24, 2011 

1469 (ATCC CCL 9.1), CHO (ATCC CCL 61) and DUKX 
cells (Urlaub and Chasin, Proc. Natl. Acad. Sci. USA 
77:4216-4220, 1980). 
0290 Examples of suitable yeasts cells include cells of 
Saccharomyces spp. or Schizosaccharomyces spp., in particu 
lar strains of Saccharomyces cerevisiae or Saccharomyces 
Kluyveri. Methods for transforming yeast cells with heterolo 
gous DNA and producing heterologous polypeptides there 
from are described, e.g. in U.S. Pat. No. 4,599,311, U.S. Pat. 
No. 4,931,373, U.S. Pat. Nos. 4,870,008, 5,037,743, and U.S. 
Pat. No. 4,845,075, all of which are hereby incorporated by 
reference. Transformed cells are selected by a phenotype 
determined by a selectable marker, commonly drug resis 
tance or the ability to grow in the absence of a particular 
nutrient, e.g. leucine. A preferred vector for use in yeast is the 
POT1 vector disclosed in U.S. Pat. No. 4,931,373. The DNA 
sequences encoding the CFXTEN may be preceded by a 
signal sequence and optionally a leader sequence, e.g. as 
described above. Further examples of suitable yeast cells are 
strains of Kluyveromyces, such as K. lactis, Hansenula, e.g. 
H. polymorpha, or Pichia, e.g. P. pastoris (cf. Gleeson et al., 
J. Gen. Microbiol. 132, 1986, pp. 3459-3465; U.S. Pat. No. 
4.882.279). Examples of other fungal cells are cells of fila 
mentous fungi, e.g. Aspergillus spp., Neurospora spp., 
Fusarium spp. or Trichoderma spp., in particular strains of A. 
Oryzae, A. nidulans or A. niger. The use of Aspergillus spp. for 
the expression of proteins is described in, e.g., EP272277, EP 
238 023, EP 184438 The transformation of F oxysporum 
may, for instance, be carried out as described by Malardier et 
al., 1989, Gene 78: 147-156. The transformation of Tricho 
derma spp. may be performed for instance as described in EP 
244 234. 

0291. Other suitable cells that can be used in the present 
invention include, but are not limited to, prokaryotic host cells 
strains such as Escherichia coli, (e.g., Strain DH5-C). Bacillus 
subtilis, Salmonella typhimurium, or strains of the genera of 
Pseudomonas, Streptomyces and Staphylococcus. Non-lim 
iting examples of Suitable prokaryotes include those from the 
genera: Actinoplanes, Archaeoglobus, Bdellovibrio, Borre 
lia, Chloroflexus, Enterococcus, Escherichia, Lactobacillus, 
Listeria, Oceanobacillus, Paracoccus, Pseudomonas, Sta 
phylococcus, Streptococcus, Streptomyces, Thermoplasma; 
and Vibrio. 

0292 Methods of transfecting mammalian cells and 
expressing DNA sequences introduced in the cells are 
described in e.g., Kaufman and Sharp, J. Mol. Biol. 159 
(1982), 601-621; Southern and Berg, J. Mol. Appl. Genet. 1 
(1982), 327-341; Loyter et al., Proc. Natl. Acad. Sci. USA 79 
(1982), 422-426; Wigler et al., Cell 14 (1978), 725; Corsaro 
and Pearson, Somatic Cell Genetics 7 (1981), 603, Graham 
and van der Eb, Virology 52 (1973), 456; and Neumann et al., 
EMBO.J. 1 (1982), 841-845. 
0293 Cloned DNA sequences are introduced into cultured 
mammalian cells by, for example, calcium phosphate-medi 
ated transfection (Wigler et al., Cell 14:725-732, 1978; Cor 
saro and Pearson, Somatic Cell Genetics 7:603-616, 1981; 
Graham and Vander Eb, Virology 52d:456-467, 1973), trans 
fection with many commercially available reagents such as 
FuGENEG Roche Diagnostics, Mannheim, Germany) or 
lipofectamine (Invitrogen) or by electroporation (Neumann 
et al., EMBO.J. 1:841-845, 1982). To identify and select cells 
that express the exogenous DNA, a gene that confers a select 
able phenotype (a selectable marker) is generally introduced 
into cells along with the gene or cDNA of interest. Preferred 
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selectable markers include genes that confer resistance to 
drugs such as neomycin, hygromycin, puromycin, Zeocin, 
and methotrexate. The selectable marker may be an amplifi 
able selectable marker. A preferred amplifiable selectable 
marker is a dihydrofolate reductase (DHFR) sequence. Fur 
ther examples of selectable markers are well known to one of 
skill in the art and include reporters such as enhanced green 
fluorescent protein (EGFP), beta-galactosidase (B-gal) or 
chloramphenicol acetyltransferase (CAT). Selectable mark 
ers are reviewed by Thilly (Mammalian Cell Technology, 
Butterworth Publishers, Stoneham, Mass., incorporated 
herein by reference). The person skilled in the art will easily 
be able to choose suitable selectable markers. Any known 
selectable marker may be employed so long as it is capable of 
being expressed simultaneously with the nucleic acid encod 
ing a gene product. 
0294. Selectable markers may be introduced into the cell 
on a separate plasmid at the same time as the gene of interest, 
or they may be introduced on the same plasmid. If, on the 
same plasmid, the selectable marker and the gene of interest 
may be under the control of different promoters or the same 
promoter, the latter arrangement producing a dicistronic mes 
sage. Constructs of this type are known in the art (for 
example, Levinson and Simonsen, U.S. Pat. No. 4,713.339). 
It may also be advantageous to add additional DNA, known as 
“carrier DNA to the mixture that is introduced into the cells. 
0295. After the cells have taken up the DNA, they are 
grown in an appropriate growth medium, typically 1-2 days, 
to begin expressing the gene of interest. As used herein the 
term “appropriate growth medium' means a medium contain 
ing nutrients and other components required for the growth of 
cells and the expression of the CFXTEN of interest. Media 
generally include a carbon source, a nitrogen Source, essential 
amino acids, essential Sugars, vitamins, salts, phospholipids, 
protein and growth factors. For production of gamma-car 
boxylated proteins, the medium will contain vitamin K, pref 
erably at a concentration of about 0.1 g/ml to about 5 g/ml. 
Drug selection is then applied to select for the growth of cells 
that are expressing the selectable marker in a stable fashion. 
For cells that have been transfected with an amplifiable 
selectable marker the drug concentration may be increased to 
select for an increased copy number of the cloned sequences, 
thereby increasing expression levels. Clones of stably trans 
fected cells are then screened for expression of the CF 
polypeptide variant of interest. 
0296. The transformed or transfected host cell is then cul 
tured in a Suitable nutrient medium under conditions permit 
ting expression of the CF polypeptide variant after which the 
resulting peptide may be recovered from the culture. The 
medium used to culture the cells may be any conventional 
medium Suitable for growing the host cells, such as minimal 
or complex media containing appropriate Supplements. Suit 
able media are available from commercial Suppliers or may 
be prepared according to published recipes (e.g. in catalogues 
of the American Type Culture Collection). The culture con 
ditions, such as temperature, pH and the like, are those pre 
viously used with the host cell selected for expression, and 
will be apparent to the ordinarily skilled artisan. 
0297 Gene expression may be measured in a sample 
directly, for example, by conventional Southern blotting, 
Northern blotting to quantitate the transcription of mRNA 
Thomas, Proc. Natl. Acad. Sci. USA, 77:5201-5205 (1980), 
dot blotting (DNA analysis), or in situ hybridization, using an 
appropriately labeled probe, based on the sequences provided 
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herein. Alternatively, antibodies may be employed that can 
recognize specific duplexes, including DNA duplexes, RNA 
duplexes, and DNA-RNA hybrid duplexes or DNA-protein 
duplexes. The antibodies in turn may be labeled and the assay 
may be carried out where the duplex is bound to a surface, so 
that upon the formation of duplex on the Surface, the presence 
of antibody bound to the duplex can be detected. 
0298 Gene expression, alternatively, may be measured by 
immunological of fluorescent methods, such as immunohis 
tochemical staining of cells or tissue sections and assay of cell 
culture or body fluids or the detection of selectable markers, 
to quantitate directly the expression of gene product. Anti 
bodies useful for immunohistochemical staining and/or assay 
of sample fluids may be either monoclonal or polyclonal, and 
may be prepared in any mammal. Conveniently, the antibod 
ies may be prepared against a native sequence CF polypeptide 
or against a synthetic peptide based on the DNA sequences 
provided herein or against exogenous sequence fused to CF 
and encoding a specific antibody epitope. Examples of select 
able markers are well known to one of skill in the art and 
include reporters such as enhanced green fluorescent protein 
(EGFP), beta-galactosidase (B-gal) or chloramphenicol 
acetyltransferase (CAT). 
0299| Expressed CFXTEN polypeptideproduct(s) may be 
purified via methods known in the art or by methods disclosed 
herein. Procedures such as gel filtration, affinity purification 
(e.g., using an anti-CF antibody column), salt fractionation, 
ion exchange chromatography, size exclusion chromatogra 
phy, hydroxyapatite adsorption chromatography, hydropho 
bic interaction chromatography and gel electrophoresis may 
be used; each tailored to recover and purify the fusion protein 
produced by the respective host cells. Additional purification 
may be achieved by conventional chemical purification 
means, such as high performance liquid chromatography. 
Some expressed CFXTEN may require refolding during iso 
lation and purification. Methods of purification are described 
in Robert K. Scopes, Protein Purification: Principles and 
Practice, Charles R. Castor (ed.), Springer-Verlag 1994, and 
Sambrook, et al., Supra. Multi-step purification separations 
are also described in Baron, et al., Crit. Rev. Biotechnol. 
10:179-90 (1990) and Below, et al., J. Chromatogr. A. 679: 
67-83 (1994). For therapeutic purposes it is preferred that the 
CFXTEN fusion proteins of the invention are substantially 
pure. Thus, in a preferred embodiment of the invention the 
CFXTEN of the invention is purified to at least about 90 to 
95% homogeneity, preferably to at least about 98% homoge 
neity. Purity may be assessed by, e.g., gel electrophoresis, 
HPLC, and amino-terminal amino acid sequencing. 

VIII). Pharmaceutical Compositions 
0300. The present invention provides pharmaceutical 
compositions comprising CFXTEN. In one embodiment, the 
pharmaceutical composition comprises the CFXTEN fusion 
protein and at least one pharmaceutically acceptable carrier. 
CFXTEN polypeptides of the present invention can be for 
mulated according to known methods to prepare pharmaceu 
tically useful compositions, whereby the polypeptide is com 
bined in admixture with a pharmaceutically acceptable 
carrier vehicle. Such as aqueous solutions or buffers, pharma 
ceutically acceptable Suspensions and emulsions. Examples 
of non-aqueous solvents include propyl ethylene glycol, 
polyethylene glycol and vegetable oils. Therapeutic formula 
tions are prepared for storage by mixing the active ingredient 
having the desired degree of purity with optional physiologi 



US 2011/0046060 A1 

cally acceptable carriers, excipients or stabilizers, as 
described in Remington's Pharmaceutical Sciences 16th edi 
tion, Osol, A. Ed. (1980), in the form of lyophilized formu 
lations or aqueous Solutions. 
0301 The pharmaceutical compositions can be adminis 
tered orally, intranasally, parenterally or by inhalation 
therapy, and may take the form of tablets, lozenges, granules, 
capsules, pills, ampoules, Suppositories or aerosol form. They 
may also take the form of Suspensions, Solutions and emul 
sions of the active ingredient in aqueous or nonaqueous dilu 
ents, syrups, granulates or powders. In addition, the pharma 
ceutical compositions can also contain other 
pharmaceutically active compounds or a plurality of com 
pounds of the invention. 
0302 More particularly, the present pharmaceutical com 
positions may be administered for therapy by any Suitable 
route including oral, rectal, nasal, topical (including transder 
mal, aerosol, buccal and Sublingual), vaginal, parenteral (in 
cluding Subcutaneous, Subcutaneous by infusion pump, intra 
muscular, intravenous and intradermal), intravitreal, and 
pulmonary. It will also be appreciated that the preferred route 
will vary with the condition and age of the recipient, and the 
disease being treated. 
0303. In one embodiment, the pharmaceutical composi 
tion is administered Subcutaneously. In this embodiment, the 
composition may be supplied as a lyophilized powder to be 
reconstituted prior to administration. The composition may 
also be supplied in a liquid form, which can be administered 
directly to a patient. In one embodiment, the composition is 
Supplied as a liquid in a pre-filled Syringe Such that a patient 
can easily self-administer the composition. 
0304 Extended release formulations useful in the present 
invention may be oral formulations comprising a matrix and 
a coating composition. Suitable matrix materials may include 
waxes (e.g., carnauba, beeswax, paraffin wax, ceresine, shel 
lac wax, fatty acids, and fatty alcohols), oils, hardened oils or 
fats (e.g., hardened rapeseed oil, castor oil, beef tallow, palm 
oil, and Soya bean oil), and polymers (e.g., hydroxypropyl 
cellulose, polyvinylpyrrolidone, hydroxypropyl methyl cel 
lulose, and polyethylene glycol). Other suitable matrix tablet 
ting materials are microcrystalline cellulose, powdered cel 
lulose, hydroxypropyl cellulose, ethyl cellulose, with other 
carriers, and fillers. Tablets may also contain granulates, 
coated powders, or pellets. Tablets may also be multi-layered. 
Multi-layered tablets are especially preferred when the active 
ingredients have markedly different pharmacokinetic pro 
files. Optionally, the finished tablet may be coated or 
uncoated. 
0305 The coating composition may comprise an 
insoluble matrix polymer and/or a water soluble material. 
Water soluble materials can be polymers such as polyethylene 
glycol, hydroxypropyl cellulose, hydroxypropyl methyl cel 
lulose, polyvinylpyrrolidone, polyvinyl alcohol, or mono 
meric materials such as Sugars (e.g., lactose, Sucrose, fruc 
tose, mannitol and the like), salts (e.g., sodium chloride, 
potassium chloride and the like), organic acids (e.g., fumaric 
acid, Succinic acid, lactic acid, and tartaric acid), and mix 
tures thereof. Optionally, an enteric polymer may be incor 
porated into the coating composition. Suitable enteric poly 
mers include hydroxypropyl methyl cellulose, acetate 
Succinate, hydroxypropyl methyl cellulose, phthalate, poly 
vinyl acetate phthalate, cellulose acetate phthalate, cellulose 
acetate trimelitate, shellac, Zein, and polymethacrylates con 
taining carboxyl groups. The coating composition may be 
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plasticised by adding Suitable plasticisers such as, for 
example, diethyl phthalate, citrate esters, polyethylene gly 
col, glycerol, acetylated glycerides, acetylated citrate esters, 
dibutylsebacate, and castor oil. The coating composition may 
also include a filler, which can be an insoluble material such 
as silicon dioxide, titanium dioxide, talc, kaolin, alumina, 
starch, powdered cellulose, MCC, or polacrilin potassium. 
The coating composition may be applied as a solution or latex 
in organic solvents or aqueous solvents or mixtures thereof. 
Solvents such as water, lower alcohol, lower chlorinated 
hydrocarbons, ketones, or mixtures thereof may be used. 
0306 The compositions of the invention may be formu 
lated using a variety of excipients. Suitable excipients include 
microcrystalline cellulose (e.g. Avicel PH102, Avicel 
PH101), polymethacrylate, poly(ethyl acrylate, methyl meth 
acrylate, trimethylammonioethyl methacrylate chloride) 
(such as Eudragit RS-30D), hydroxypropyl methylcellulose 
(Methocel K100M, Premium CR Methocel K100M, Metho 
cel E5. Opadry(R), magnesium Stearate, talc, triethylcitrate, 
aqueous ethylcellulose dispersion (SureleaseR), and prota 
mine Sulfate. The slow release agent may also comprise a 
carrier, which can comprise, for example, Solvents, disper 
sion media, coatings, antibacterial and antifungal agents, iso 
tonic and absorption delaying agents. Pharmaceutically 
acceptable salts can also be used in these slow release agents, 
for example, mineral salts such as hydrochlorides, hydrobro 
mides, phosphates, or Sulfates, as well as the salts of organic 
acids Such as acetates, proprionates, malonates, or benzoates. 
The composition may also contain liquids, such as water, 
saline, glycerol, and ethanol, as well as Substances such as 
wetting agents, emulsifying agents, or pH buffering agents. 
Liposomes may also be used as a carrier. 
0307. In another embodiment, the compositions of the 
present invention are encapsulated in liposomes, which have 
demonstrated utility in delivering beneficial active agents in a 
controlled manner over prolonged periods of time. Lipo 
Somes are closed bilayer membranes containing an entrapped 
aqueous Volume. Liposomes may also be unilamellar vesicles 
possessing a single membrane bilayer or multilamellar 
vesicles with multiple membrane bilayers, each separated 
from the next by an aqueous layer. The structure of the result 
ing membrane bilayer is such that the hydrophobic (non 
polar) tails of the lipid are oriented toward the center of the 
bilayer while the hydrophilic (polar) heads orient towards the 
aqueous phase. In one embodiment, the liposome may be 
coated with a flexible water soluble polymer that avoids 
uptake by the organs of the mononuclear phagocyte system, 
primarily the liver and spleen. Suitable hydrophilic polymers 
for Surrounding the liposomes include, without limitation, 
PEG, polyvinylpyrrolidone, polyvinylmethylether, polym 
ethyloxazoline, polyethyloxazoline, polyhydroxypropylox 
aZoline, polyhydroxypropylmethacrylamide, polymethacry 
lamide, polydimethylacrylamide, 
polyhydroxypropylmethacrylate, polyhydroxethylacrylate, 
hydroxymethylcellulose hydroxyethylcellulose, polyethyl 
eneglycol, polyaspartamide and hydrophilic peptide 
sequences as described in U.S. Pat. Nos. 6,316,024; 6,126, 
966; 6,056,973; 6,043,094, the contents of which are incor 
porated by reference in their entirety. 
0308 Liposomes may be comprised of any lipid or lipid 
combination known in the art. For example, the vesicle-form 
ing lipids may be naturally-occurring or synthetic lipids, 
including phospholipids, such as phosphatidylcholine, phos 
phatidylethanolamine, phosphatidic acid, phosphati 
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dylserine, phasphatidylglycerol, phosphatidylinositol, and 
sphingomyelin as disclosed in U.S. Pat. Nos. 6,056,973 and 
5,874,104. The vesicle-forming lipids may also be glycolip 
ids, cerebrosides, or cationic lipids, such as 1,2-dioleyloxy 
3-(trimethylamino) propane (DOTAP); N-1-(2,3,-ditetrade 
cyloxy)propyl-N,N-dimethyl-N-hydroxyethylammonium 
bromide (DMRIE); N-1 (2.3,-dioleyloxy)propyl-N,N- 
dimethyl-N-hydroxy ethylammonium bromide (DORIE): 
N-1-(2,3-dioleyloxy)propyl-N,N.N-trimethylammonium 
chloride (DOTMA); 3 N-(N',N'-dimethylaminoethane) 
carbamoly cholesterol (DC-Chol); or dimethyldioctadecy 
lammonium (DDAB) also as disclosed in U.S. Pat. No. 6,056, 
973. Cholesterol may also be present in the proper range to 
impart stability to the vesicle as disclosed in U.S. Pat. Nos. 
5,916,588 and 5,874,104. 
0309 Additional liposomal technologies are described in 
U.S. Pat. Nos. 6,759,057; 6,406,713; 6,352,716; 6,316,024; 
6,294, 191; 6,126,966; 6,056,973; 6,043,094; 5,965,156; 
5,916,588; 5,874,104:5,215,680; and 4,684,479, the contents 
of which are incorporated herein by reference. These describe 
liposomes and lipid-coated microbubbles, and methods for 
their manufacture. Thus, one skilled in the art, considering 
both the disclosure of this invention and the disclosures of 
these other patents could produce a liposome for the extended 
release of the polypeptides of the present invention. 
0310. For liquid formulations, a desired property is that 
the formulation be supplied in a form that can pass through a 
25, 28, 30, 31, 32 gauge needle for intravenous, intramuscu 
lar, intraarticular, or Subcutaneous administration. 
0311 Administration via transdermal formulations can be 
performed using methods also known in the art, including 
those described generally in, e.g., U.S. Pat. Nos. 5,186,938 
and 6,183,770, 4,861,800, 6,743,211, 6,945,952, 4,284,444, 
and WO 89/09051, incorporated herein by reference in their 
entireties. A transdermal patch is a particularly useful 
embodiment with polypeptides having absorption problems. 
Patches can be made to control the release of skin-permeable 
active ingredients over a 12 hour, 24 hour, 3 day, and 7 day 
period. In one example, a 2-fold daily excess of a polypeptide 
of the present invention is placed in a non-volatile fluid. The 
compositions of the invention are provided in the form of a 
Viscous, non-volatile liquid. The penetration through skin of 
specific formulations may be measures by standard methods 
in the art (for example, Franz et al., J. Invest. Derm. 64: 194 
195 (1975)). Examples of suitable patches are passive trans 
fer skin patches, iontophoretic skin patches, or patches with 
microneedles such as Nicoderm. 
0312. In other embodiments, the composition may be 
delivered via intranasal, buccal, or Sublingual routes to the 
brain to enable transfer of the active agents through the olfac 
tory passages into the CNS and reducing the systemic admin 
istration. Devices commonly used for this route of adminis 
tration are included in U.S. Pat. No. 6,715,485. Compositions 
delivered via this route may enable increased CNS dosing or 
reduced total body burden reducing systemic toxicity risks 
associated with certain drugs. Preparation of a pharmaceuti 
cal composition for delivery in a subdermally implantable 
device can be performed using methods known in the art, Such 
as those described in, e.g., U.S. Pat. Nos. 3,992,518; 5.660, 
848; and 5,756,115. 
0313 Osmotic pumps may be used as slow release agents 
in the form of tablets, pills, capsules or implantable devices. 
Osmotic pumps are well known in the art and readily avail 
able to one of ordinary skill in the art from companies expe 
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rienced in providing osmotic pumps for extended release drug 
delivery. Examples are ALZA's DUROSTM; ALZA's 
OROSTM; Osmotica Pharmaceutical's OsmodexTM system: 
Shire Laboratories’ EnSoTrolTM system; and AlzetTM. Patents 
that describe osmotic pump technology are U.S. Pat. Nos. 
6,890,918; 6,838,093: 6,814,979: 6,713,086: 6,534,090; 
6,514,532; 6,361,796; 6,352,721; 6,294,201: 6,284,276: 
6,110.498: 5,573,776; 4,200,0984; and 4,088,864, the con 
tents of which are incorporated herein by reference. One 
skilled in the art, considering both the disclosure of this 
invention and the disclosures of these other patents could 
produce an osmotic pump for the extended release of the 
polypeptides of the present invention. 
0314 Syringe pumps may also be used as slow release 
agents. Such devices are described in U.S. Pat. Nos. 4,976, 
696; 4,933,185; 5,017,378; 6,309,370; 6,254,573; 4,435,173; 
4,398,908; 6,572,585; 5,298,022; 5,176,502; 5,492,534: 
5.318.540; and 4.988,337, the contents of which are incorpo 
rated herein by reference. One skilled in the art, considering 
both the disclosure of this invention and the disclosures of 
these other patents could produce a syringe pump for the 
extended release of the compositions of the present invention. 

IX). Pharmaceutical Kits 
0315. In another aspect, the invention provides a kit to 
facilitate the use of the CFXTEN polypeptides. The kitcom 
prises the pharmaceutical composition provided herein, a 
label identifying the pharmaceutical composition, and an 
instruction for storage, reconstitution and/or administration 
of the pharmaceutical compositions to a subject. In some 
embodiment, the kit comprises, preferably: (a) an amount of 
a CFXTEN fusion protein composition sufficient to treat a 
disease, condition or disorder upon administration to a Sub 
ject in need thereof, and (b) an amount of a pharmaceutically 
acceptable carrier; together in a formulation ready for injec 
tion or for reconstitution with sterile water, buffer, or dex 
trose; together with a label identifying the CFXTEN drug and 
storage and handling conditions, and a sheet of the approved 
indications for the drug, instructions for the reconstitution 
and/or administration of the CFXTEN drug for the use for the 
prevention and/or treatment of a approved indication, appro 
priate dosage and safety information, and information iden 
tifying the lot and expiration of the drug. In another embodi 
ment of the foregoing, the kit can comprise a second container 
that can carry a suitable diluent for the CFXTEN composi 
tion, the use of which will provide the user with the appro 
priate concentration of CFXTEN to be delivered to the sub 
ject. 

EXAMPLES 

Example 1 

Construction of XTEN AD36 Motif Segments 

0316 The following example describes the construction 
of a collection of codon-optimized genes encoding motif 
sequences of 36 amino acids. As a first step, a stuffer vector 
pCW0359 was constructed based on a pBT vector and that 
includes a T7 promoter. pCW0359 encodes a cellulose bind 
ing domain (CBD) and a TEV protease recognition site fol 
lowed by a stuffer sequence that is flanked by Bsal, BbsI, and 
KpnI sites. The Bsal and BbsI sites were inserted such that 
they generate compatible overhangs after digestion. The 
stuffer sequence is followed by a truncated version of the GFP 
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gene and a His tag. The stuffer sequence contains stop codons 
and thus E. coli cells carrying the stuffer plasmid pCW0359 
form non-fluorescent colonies. The stuffer vector pCW0359 
was digested with Bsal and KpnI to remove the stuffer seg 
ment and the resulting vector fragment was isolated by aga 
rose gel purification. The sequences were designated XTEN 
AD36, reflecting the AD family of motifs. Its segments have 
the amino acid sequence X where X is a 12mer peptide with 
the sequences: GESPGGSSGSES (SEQID NO:31), GSEG 
SSGPGESS (SEQ ID NO:32), GSSESGSSEGGP (SEQ ID 
NO: 33), or GSGGEPSESGSS (SEQID NO:34). The insert 
was obtained by annealing the following pairs of phosphory 
lated synthetic oligonucleotide pairs: 

(SEQ ID NO: 132) 
AD1 for : AGGTGAATCTCCDGGTGGYTCYAGCGGTTCYGARTC 

(SEQ ID NO: 133) 
AD1rew : ACCTGAYTCRGAACCGCTRGARCCACCHGGAGATTC 

(SEQ ID NO: 134) 
AD2 for : AGGTAGCGAAGGTTCTTCYGGTCCDGGYGARTCYTC 

(SEQ ID NO: 135) 
AD2 rew : ACCTGARGAYTCRCCHGGACCRGAAGAACCTTCGCT 

(SEQ ID NO: 136) 
AD3 for : AGGTTCYTCYGAAAGCGGTTCTTCYGARGGYGGTCC 

(SEO ID NO : 137) 
AD3 rew : ACCTGGACCRCCYTCRGAAGAACCGCTTTCRGARGA 

66 
Feb. 24, 2011 

- Continued 

(SEQ ID NO: 138) 
AD4 for : AGGTTCYGGTGGYGAACCDTCYGARTCTGGTAGCTC 

0317 We also annealed the phosphorylated oligonucle 
otide 3 KipnIstopperFor: AGGTTCGTCTTCACTCGAGGG 
TAC (SEQ ID NO: 139) and the non-phosphorylated oligo 
nucleotide pr 3 KpnIstopperRev: 
CCTCGAGTGAAGACGA (SEQ ID NO: 140). The 
annealed oligonucleotide pairs were ligated, which resulted 
in a mixture of products with varying length that represents 
the varying number of 12mer repeats ligated to one BbsI/ 
KpnI segment. The products corresponding to the length of 
36 amino acids were isolated from the mixture by preparative 
agarose gel electrophoresis and ligated into the Bsal/Kipni 
digested stiffer vector pCW0359. Most of the clones in the 
resulting library designated LCWO401 showed green fluores 
cence after induction, which shows that the sequence of 
XTEN AD36 had been ligated in frame with the GFP gene 
and that most sequences of XTEN AD36 had good expres 
sion levels. 
0318 We screened 96 isolates from library LCW0401 for 
high level of fluorescence by stamping them onto agar plate 
containing IPTG. The same isolates were evaluated by PCR 
and 48 isolates were identified that contained segments with 
36 amino acids as well as strong fluorescence. These isolates 
were sequenced and 39 clones were identified that contained 
correctXTEN AD36 segments. The file names of the nucle 
otide and amino acid constructs for these segments are listed 
in Table 9. 

TABLE 9 

DNA and Amino Acid Sediences for 36 met motifs 

File name 

LCWO401 001 GFP 
N AO1. ab1 

LCWO401 002 GFP 
N B01. ab1 

LCWO401 003 GFP 
N CO1. ab1 

LCWO401 004 GFP 
N DO1. ab1 

LCWO401 007 GFP 
N FO1. ab1 

SEQ SEQ 
ID ID 

Ammo acid sequence NO: Nucleotide sequence NO : 

GSGGEPSESGSSGESPGG 141GGTTCTGGTGGCGAACCGTCCGAGTC 142 
SSGSESGESPGGSSGSES TGGTAGCTCAGGTGAATCTCCGGGTG 

GCTCTAGCGGTTCCGAGTCAGGTGAA 

TCTCCTGGTGGTTCCAGCGGTTCCGA 
GTCA 

GSEGSSGPGESSGESPGG 143 GGTAGCGAAGGTTCTTCTGGTCCTGG 144 
SSGSESGSSESGSSEGGP CGAGTCTTCAGGTGAATCTCCTGGTG 

TTCCAGCGGTTCTGAATCAGGTTCC 

CCGAAAGCGGTTCTTCCGAGGGCG 
TCCA 

GSSESGSSEGGPGSSESG 145 GGTTCCTCTGAAAGCGGTTCTTCCGA. 146 
SSEGGPGESPGGSSGSES AGGTGGTCCAGGTTCCTCTGAAAGCG 

TTCTTCTGAGGGTGGTCCAGGTGAA 

CTCCGGGTGGCTCCAGCGGTTCCGA 

TCA 

GSGGEPSESGSSGSSESG 147 GGTTCCGGTGGCGAACCGTCTGAATC 148 

SSEGGPGSGGEPSESGSS TGGTAGCTCAGGTTCTTCTGAAAGCG 

TTCTTCCGAGGGTGGTCCAGGTTCT 

GTGGTGAACCTTCCGAGTCTGGTAG 

TCA 

GSSESGSSEGGPGSEGSS 149 GGTTCTTCCGAAAGCGGTTCTTCTGA. 150 

GPGESSGSEGSSGPGESS GGGTGGTCCAGGTAGCGAAGGTTCTT 

CCGGTCCAGGTGAGTCTTCAGGTAGC 

GAAGGTTCTTCTGGTCCTGGTGAATC 

TTCA 
























































































































































































































































































































































