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(57) ABSTRACT 

The present invention encompasses albumin fusion proteins. 
Nucleic acid molecules encoding the albumin fusion pro 
teins of the invention are also encompassed by the invention, 
as are vectors containing these nucleic acids, host cells 
transformed with these nucleic acids vectors, and methods 
of making the albumin fusion proteins of the invention and 
using these nucleic acids, vectors, and/or host cells. Addi 
tionally the present invention encompasses pharmaceutical 
compositions comprising albumin fusion proteins and meth 
ods of treating, preventing, or ameliorating diseases, disor 
ders or conditions using albumin fusion proteins of the 
invention. 
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Comparison of the effect of Epo albumin fusion proteins 
CD 1981, CID 1966, and recombinant human Epo on the 

proliferation of TF-1 cells. 
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Comparison of the effect of recombinant human Epo 
and Epo albumin fusion proteins on the 7% change in 

hematocrit from day 0 to day 7: dose-response analysis 
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Dose schedule: Comparison of the effect of Epo albumin 
fusion proteins on % change in hematocrit 
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CD 1997 156 ug/kg 1X/week 
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Dose schedule: Comparison of the effect of Epo albumin 
Fusion proteins on % change in hematocrit 

% change in hematocrit: day 0 to day 14 

Figure 6B 
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Comparison of the effect of Epo albumin fusion 
proteins and recombinant human Epo on 

the proliferation of TF-1 cells 
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Comparison of the effect of recombinant human Epo and Epo albumin 
fusion protein encoded by CD 1997 on the % change in hematocrit 

from day 0 to day 8: dose-response analysis 

4 O 

3 O 

S 

  



Patent Application Publication Oct. 18, 2007 Sheet 13 of 23 US 2007/0244047 A1 

Activity of IL-2 albumin fusion protein encoded by 
CID 1812 in the CTLL-2 proliferation assay 
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Effect of IL2 albumin fusion protein encoded by CID 1812 on 
RENCA tumor growth in BALBIc mice: Day 21 
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Effects of GCSF albumin fusion protein (GCSF fusion) 
on total white blood cell count (WBC) 
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ALBUMINFUSION PROTEINS 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a divisional of U.S. application 
Ser. No. 11/429.276, filed May 8, 2006, which is a continu 
ation of U.S. application Ser. No. 10/775,204, filed Feb. 11, 
2004, which is a continuation of International Application 
No. PCT/US02/40891, filed Dec. 23, 2002, which claims 
benefit under 35 USC 119(e) of U.S. Provisional Application 
Nos. 60/341,811, filed Dec. 21, 2001: 60/350,358, filed Jan. 
24, 2002: 60/351,360, filed Jan. 28, 2002: 60/359,370, filed 
Feb. 26, 2002: 60/360,000, filed Feb. 28, 2002: 60/367,500, 
filed Mar. 27, 2002: 60/370,227, filed Apr. 8, 2002: 60/378, 
950, filed May 10, 2002: 60/382,617, filed May 24, 2002: 
60/383,123, filed May 28, 2002: 60/385,708, filed Jun. 5, 
2002: 60/394,625, filed Jul. 10, 2002: 60/398,008, filed Jul. 
24, 2002: 60/402,131, filed Aug. 9, 2002: 60/402.708, filed 
Aug. 13, 2002: 60/411,426, filed Sep. 18, 2002: 60/411,355, 
filed Sep. 18, 2002: 60/414.984, filed Oct. 2, 2002: 60/417. 
611, filed Oct. 11, 2002: 60/420,246, filed Oct. 23, 2002; and 
60/423,623, filed Nov. 5, 2002. All of the above listed 
applications are incorporated by reference herein. 

REFERENCE TO SEQUENCE LISTING ON 
COMPACT DISC 

0002 This application refers to a “Sequence Listing 
listed below, which is provided as an electronic document on 
three identical compact disc (CD-R), labeled “Copy 
1.’"Copy 2,” and “CRF. These compact discs each contain 
the file “PF564C2D1 SEQLIST FINAL..txt (3,568,877 
bytes, created on Mar. 6, 2007), which is incorporated by 
reference in its entirety. The Sequence Listing may be 
viewed on an IBM-PC machine running the MS-Windows 
operating system. 

BACKGROUND OF THE INVENTION 

0003. The invention relates generally to Therapeutic pro 
teins (including, but not limited to, at least one polypeptide, 
antibody, peptide, or fragment and variant thereof) fused to 
albumin or fragments or variants of albumin. The invention 
encompasses polynucleotides encoding therapeutic albumin 
fusion proteins, therapeutic albumin fusion proteins, com 
positions, pharmaceutical compositions, formulations and 
kits. Host cells transformed with the polynucleotides encod 
ing therapeutic albumin fusion proteins are also encom 
passed by the invention, as are methods of making the 
albumin fusion proteins of the invention using these poly 
nucleotides, and/or host cells. 
0004 Human serum albumin (HSA, or HA), a protein of 
585 amino acids in its mature form (as shown in FIG. 1 
(SEQ ID NO:1038)), is responsible for a significant propor 
tion of the osmotic pressure of serum and also functions as 
a carrier of endogenous and exogenous ligands. At present, 
HA for clinical use is produced by extraction from human 
blood. The production of recombinant HA (rhA) in micro 
organisms has been disclosed in EP330451 and EP361991. 
0005 Therapeutic proteins in their native state or when 
recombinantly produced, such as interferons and growth 
hormones, are typically labile molecules exhibiting short 
shelf-lives, particularly when formulated in aqueous solu 
tions. The instability in these molecules when formulated for 
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administration dictates that many of the molecules must be 
lyophilized and refrigerated at all times during storage, 
thereby rendering the molecules difficult to transport and/or 
store. Storage problems are particularly acute when phar 
maceutical formulations must be stored and dispensed out 
side of the hospital environment. 
0006 Few practical solutions to the storage problems of 
labile protein molecules have been proposed. Accordingly, 
there is a need for stabilized, long lasting formulations of 
proteinaceous therapeutic molecules that are easily dis 
pensed, preferably with a simple formulation requiring mini 
mal post-storage manipulation. 

SUMMARY OF THE INVENTION 

0007. The present invention encompasses albumin fusion 
proteins comprising a Therapeutic protein (e.g., a polypep 
tide, antibody, or peptide or fragment or variant thereof) 
fused to albumin or a fragment (portion) or variant of 
albumin. The present invention also encompasses poly 
nucleotides comprising, or alternatively consisting of 
nucleic acid molecules encoding a Therapeutic protein (e.g., 
a polypeptide, antibody; or peptide, or fragment or variant 
thereof) fused to albumin or a fragment (portion) or variant 
of albumin. The present invention also encompasses poly 
nucleotides, comprising, or alternatively consisting of 
nucleic acid molecules encoding proteins comprising a 
Therapeutic protein (e.g., a polypeptide, antibody, or pep 
tide, or fragment or variant thereof) fused to albumin or a 
fragment (portion) or variant of albumin, that is sufficient to 
prolong the shelf life of the Therapeutic protein, and/or 
stabilize the Therapeutic protein and/or its activity in solu 
tion (or in a pharmaceutical composition) in vitro and/or in 
vivo. Albumin fusion proteins encoded by a polynucleotide 
of the invention are also encompassed by the invention, as 
are host cells transformed with polynucleotides of the inven 
tion, and methods of making the albumin fusion proteins of 
the invention and using these polynucleotides of the inven 
tion, and/or host cells. 
0008. In a preferred aspect of the invention, albumin 
fusion proteins include, but are not limited to, those encoded 
by the polynucleotides described in Table 2. 
0009. The invention also encompasses pharmaceutical 
formulations comprising an albumin fusion protein of the 
invention and a pharmaceutically acceptable diluent or car 
rier. Such formulations may be in a kit or container. Such kit 
or container may be packaged with instructions pertaining to 
the extended shelf life of the Therapeutic protein. Such 
formulations may be used in methods of treating, prevent 
ing, ameliorating or diagnosing a disease or disease symp 
tom in a patient, preferably a mammal, most preferably a 
human, comprising the step of administering the pharma 
ceutical formulation to the patient. 
0010. In other embodiments, the present invention 
encompasses methods of preventing, treating, or ameliorat 
ing a disease or disorder. In preferred embodiments, the 
present invention encompasses a method of treating a dis 
ease or disorder listed in the “Preferred Indication: Y’ 
column of Table 1 comprising administering to a patient in 
which Such treatment, prevention or amelioration is desired 
an albumin fusion protein of the invention that comprises a 
Therapeutic protein or portion corresponding to a Therapeu 
tic protein (or fragment or variant thereof) disclosed in the 
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“Therapeutic Protein: X column of Table 1 (in the same 
row as the disease or disorder to be treated is listed in the 
“Preferred Indication: Y column of Table 1) in an amount 
effective to treat, prevent or ameliorate the disease or 
disorder. 

0011. In one embodiment, an albumin fusion protein 
described in Table 1 or 2 has extended shelf life. 

0012. In a second embodiment, an albumin fusion protein 
described in Table 1 or 2 is more stable than the correspond 
ing unfused Therapeutic molecule described in Table 1. 
0013 The present invention further includes transgenic 
organisms modified to contain the nucleic acid molecules of 
the invention (including, but not limited to, the polynucle 
otides described in Tables 1 and 2), preferably modified to 
express an albumin fusion protein of the invention. 

BRIEF DESCRIPTION OF THE FIGURES 

0014 FIG. 1A-D shows the amino acid sequence of the 
mature form of human albumin (SEQ ID NO:1038) and a 
polynucleotide encoding it (SEQ ID NO:1037). 
0015 FIG. 2 shows the restriction map of the pPPC0005 
cloning vector ATCC deposit PTA-3278. 
0016 FIG. 3 shows the restriction map of the pSAC35 
yeast S. cerevisiae expression vector (Sleep et al., BioTech 
nology 8:42 (1990)). 
0017 FIG. 4 shows the effect of various dilutions of EPO 
albumin fusion proteins encoded by DNA comprised in 
Construct ID NOS. (hereinafter CID) 1966 and 1981 and 
recombinant human EPO on the proliferation of TF-1 cells 
(see Examples 8 and 9). Cells were washed 3x to remove 
GM-CSF and plated at 10,000 cells/well for 72 hours in the 
presence of 3-fold dilutions of CID 1966 protein or CID 
1981 protein. Concentrations used were calculated based on 
the weight of Epo alone, not HSA plus Epo. Recombinant 
human Epo (rhEpo) was used as the positive control and 
serially diluted 3 fold from 100 ng/ml to 0.01 ng/ml. Cells 
were exposed to 0.5 mCi/well of H-thymidine for an 
additional 18 hours. (O) rhEpo; (V) HSA-Epo 1981; () 
Epo-HSA 1966. 
0018 FIG. 5 is a dose response analysis and shows the 
effect of various doses of recombinant human EPO and EPO 
albumin fusion proteins encoded by DNA comprised in CID 
1966 and 1981 on the percent change in hematocrit from day 
0 to day 7 (see Examples 8 and 9). 48 eight-week old female 
DBA/2NHsd mice were divided into 12 groups of 4 animals 
each. Recombinant human Epo (rhEpo) was administered 
Subcutaneously at 0.5, 1.5, 4.5 and 12 ug/kg on days 0, 2, 4, 
and 6. Epo albumin fusion proteins made from constructs 
CID 1966 and CID 1981 were administered subcutaneously 
at 2, 6, 18, and 54 ug/kg on days 0, 2, 4, and 6. The higher 
doses of the Epo albumin fusion proteins-allows a rough 
equimolar comparison with recombinant human Epo (note 
that the weight of the fusions is about 3.35 times the weight 
of non-glycosylated Epo). On days 0 and 7 of the experi 
ment, the animals were bled via a tail vein and the hemat 
ocrit was determined by centrifugation. () rhEpo; (c) CID 
1981; (A) CID 1966. 
0.019 FIG. 6A shows the effect of various subcutaneous 
administrations of Epo albumin fusion proteins encoded by 
DNA comprised in CID 1966 and 1997, respectively, on the 
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percent change in hematocrit from day 0 to day 8 (see 
Examples 8 and 10). *, p<0.005 compared to rhEpo as 
determined by Mann-Whitney nonparametric analysis 
(n=6). 
0020 FIG. 6B shows the effect of subcutaneous admin 
istrations of Epo albumin fusion proteins encoded by DNA 
comprised in CID 1997 and 1966 on the percent change in 
hematocrit from day 0 to day 14 (see Examples 8 and 10). 
* , p<0.005 compared to rhEpo as determined by Mann 
Whitney nonparametric analysis (n=6); **, p<0.05 com 
pared to rhEpo as determined by Mann-Whitney nonpara 
metric analysis (n=6). 
0021 FIG. 7 shows the effect of various dilutions albu 
min fusion proteins encoded by DNA comprised in CID 
1981 and 1997, respectively, on the proliferation of TF-1 
cells (see Examples 9 and 10). Cells were washed 3x to 
remove GM-CSF and plated at 10,000 cells/well for 72 
hours in the presence of 3-fold dilutions of Epo albumin 
fusion proteins encoded by CID 1981 or 1997. Equimolar 
amounts of rhEpo were used as a positive control (4.35 times 
less protein added since weight of non-glycosylated Epo is 
20 kd, while Epo albumin fusion proteins are 87 kd). Cells 
were exposed to 0.5 uCi/well of H-thymidine for an addi 
tional 24 hours. () rhEpo Standard: (A) CID 1981 (CHO): 
(o) CID 1997 (NSO). 
0022 FIG. 8 shows the effect of various doses of recom 
binant human EPO (rhEpo) and EPO albumin fusion protein 
encoded by DNA comprised in construct 1997 (CID 1997) 
on the percent change in hematocrit from day 0 to day 8 (see 
Example 10). (A)=rhEpo, ()=CID 1997. 
0023 FIG. 9 shows the effect of various dilutions of IL2 
albumin fusion proteins encoded by DNA comprised in CID 
1812 (see Example 15) on CTLL-2 proliferation. 1x10' 
cells/well were seeded in a 96-well plate in a final volume 
of 200 ul of complete medium containing the indicated 
amount of IL2 albumin fusion protein (CID 1812). All 
samples were run in triplicate. The cells were incubated for 
40 hours at 37°C., then 20 ul of Alamar Blue was added and 
cells incubated for 8 hours. Absorbance at 530/590 was used 
as a measure of proliferation. EC50=0.386+0.021. (A)=CID 
1812. 

0024 FIG. 10 shows the effect of IL2 albumin fusion 
protein encoded by DNA comprised in CID 1812 on 
RENCA tumor growth at day 21 (see Example 15). BALB/c 
mice (n=10) were injected SC (midflank) with 10 RENCA 
cells. 10 days later mice received 2 cycles (Day 10 to Day 
14 and Days 17-21) of daily (QID) injections of rlL2 (0.9 
mg/kg), IL2 albumin fusion protein (CID 1812 protein: 0.6 
mg/kg) or PBS (Placebo) or injections every other day 
(QOD) of CID 1812 protein (0.6 mg/kg). The tumor volume 
was determined on Day 21 after RENCA inoculation. The 
data are presented in scatter analysis (each dot representing 
single animal). Mean value of each group is depicted by 
horizontal line. *, p=0.0035 between placebo control and 
CID 1812 protein. The number in parentheses indicates 
number of mice alive over the total number of mice per 
group. (O)=Placebo; (O)=IL2: (A)=CID 1812 protein (QD): 
(O)=CID 1812 protein (QOD). 
0.025 FIG. 11 shows the effect of various dilutions of 
GCSF albumin fusion proteins encoded by DNA comprised 
in CID 1642 and 1643 on NFS-60 cell proliferation (see 
Examples 19 and 20). ()=CID 1642: (A)=CID 1643; 
(O)=HSA. 



US 2007/0244047 A1 

0026 FIG. 12 shows the effect of recombinant human 
GCSF (Neupogen) and GCSF albumin fusion protein on 
total white blood cell count (see Example 19). Total WBC 
(10 cellsful) on each day are presented as the group mean 
+SEM. GCSF albumin fusion protein was administered scat 
either 25 or 100 ug/kg every 4 daysx4 (Q4D), or at 100 
ug/kg every 7 daysX2 (Q7D). Data from Days 8 and 9 for 
GCSF albumin fusion protein 100 ug/kg Q7 are presented as 
Days 9 and 10, respectively, to facilitate comparison with 
other groups. Controls were saline vehicle administered SC 
every 4 daysX4 (Vehicle Q4D), or Neupogen administered 
SC dailyx14 (Neupogen 5ug/kgQD). The treatment period 
is considered Days 1-14, and the recovery period, Days 
15-28. 

0027 FIG. 13 shows the effect of various dilutions of 
IFNb albumin fusion proteins encoded by DNA comprised 
in CID 2011 and 2053 on SEAP activity in the ISRE-SEAP/ 
293F reporter cells (see Example 25). Proteins were serially 
diluted from 5e-7 to 1e-14 g/ml in DMEM/10% FBS and 
used to treat ISRE-SEAP/293F reporter cells. After 24 hours 
Supernatants were removed from reporter cells and assayed 
for SEAP activity. IFNb albumin fusion protein was purified 
from three stable clones: 293F/H2011, CHO/H2011 and 
NSO/#2053. Mammalian derived IFNb, Avonex, came from 
Biogen and was reported to have a specific activity of 2.0e5 
IU/ug. 

0028 FIG. 14 illustrates the steady-state levels of insulin 
mRNA in INS-1 (832/13) cells after treatment with GLP-1 
or GLP-1 albumin fusion protein encoded by construct ID 
3070 (CID 3070 protein). Both GLP-1 and the CID 3070 
protein stimulate transcription of the insulin gene in INS-1 
cells. The first bar (black) represents the untreated cells. Bars 
2-4 (white) represent cells treated with the indicated con 
centrations of GLP-1. Bars 5-7 (gray) represent cells treated 
with the indicated concentrations of CID 3070 protein. 
0029 FIG. 15 compares the anti-proliferative activity of 
IFN albumin fusion protein encoded by CID 3165 (CID 
3.165 protein) and recombinant IFNa (rIFNa) on Hs294T 
melanoma cells. The cells were cultured with varying con 
centrations of either CID 3165 protein or rIFNa and prolif 
eration was measured by BrdU incorporation after 3 days of 
culture. CID 3165 protein caused measurable inhibition of 
cell proliferation at concentrations above 10 ng/ml with 50% 
inhibition achieved at approximately 200 ng/ml. ()=CID 
3.165 protein, (0)=riFNa. 

0030 FIG. 16 shows the effect of various dilutions of 
IFNa albumin fusion proteins on SEAP activity in the 
ISRE-SEAP/293F reporter cells. One preparation of IFNa 
fused upstream of albumin (0) was tested, as well as two 
different preparations of IFNa fused downstream of albumin 
(A) and (). 
0031 FIG. 17 shows the effect of time and dose of IFNa 
albumin fusion protein encoded by DNA comprised in 
construct 2249 (CID 2249 protein) on the mRNA level of 
OAS (p41) in treated monkeys (see Example 31). Per time 
point: first bar=Vehicle control. 2" bar=30 ug/kg. CID 2249 
protein day 1 iv, third bar=30 ug/kg. CID 2249 protein day 
1 sc, 4" bar=300 ug/kg. CID 2249 protein day 1 sc, 5" 
bar=40 ug/kg recombinant IFNa day 1, 3 and 5 sc. 
0032 FIG. 18 shows the effect of various dilutions of 
insulin albumin fusion proteins encoded by DNA comprised 
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in constructs 2250 and 2276 on glucose uptake in 3T3-L1 
adipocytes (see Examples 33 and 35). 
0033 FIG. 19 shows the effect of various GCSF albumin 
fusion proteins, including those encoded by CID #1643 and 
#2702 (L-171, see Example 114), on NFS cell proliferation. 
The horizontal dashed line indicates the minimum level of 
detection. 

DETAILED DESCRIPTION 

0034) Definitions 
0035. The following definitions are provided to facilitate 
understanding of certain terms used throughout this speci 
fication. 

0036) As used herein, “polynucleotide' refers to a nucleic 
acid molecule having a nucleotide sequence encoding a 
fusion protein comprising, or alternatively consisting of, at 
least one molecule of albumin (or a fragment or variant 
thereof) joined in frame to at least one Therapeutic protein 
X (or fragment or variant thereof); a nucleic acid molecule 
having a nucleotide sequence encoding a fusion protein 
comprising, or alternatively consisting of the amino acid 
sequence of SEQ ID NO:Y (as described in column 6 of 
Table 2) or a fragment or variant thereof; a nucleic acid 
molecule having a nucleotide sequence comprising or alter 
natively consisting of the sequence shown in SEQID NO:X; 
a nucleic acid molecule having a nucleotide sequence encod 
ing a fusion protein comprising, or alternatively consisting 
of the amino acid sequence of SEQID NO:Z: a nucleic acid 
molecule having a nucleotide sequence encoding an albumin 
fusion protein of the invention generated as described in 
Table 2 or in the Examples; a nucleic acid molecule having 
a nucleotide sequence encoding a Therapeutic albumin 
fusion protein of the invention, a nucleic acid molecule 
having a nucleotide sequence contained in an albumin fusion 
construct described in Table 2, or a nucleic acid molecule 
having a nucleotide sequence contained in an albumin fusion 
construct deposited with the ATCC (as described in Table 3). 
0037 As used herein, “albumin fusion construct” refers 
to a nucleic acid molecule comprising, or alternatively 
consisting of a polynucleotide encoding at least one mol 
ecule of albumin (or a fragment or variant thereof) joined in 
frame to at least one polynucleotide encoding at least one 
molecule of a Therapeutic protein (or fragment or variant 
thereof); a nucleic acid molecule comprising, or alterna 
tively consisting of a polynucleotide encoding at least one 
molecule of albumin (or a fragment or variant thereof) 
joined in frame to at least one polynucleotide encoding at 
least one molecule of a Therapeutic protein (or fragment or 
variant thereof) generated as described in Table 2 or in the 
Examples; or a nucleic acid molecule comprising, or alter 
natively consisting of a polynucleotide encoding at least 
one molecule of albumin (or a fragment or variant thereof) 
joined in frame to at least one polynucleotide encoding at 
least one molecule of a Therapeutic protein (or fragment or 
variant thereof), further comprising, for example, one or 
more of the following elements: (1) a functional self 
replicating vector (including but not limited to, a shuttle 
vector, an expression vector, an integration vector, and/or a 
replication system), (2) a region for initiation of transcrip 
tion (e.g., a promoter region, Such as for example, a regu 
latable or inducible promoter, a constitutive promoter), (3) a 
region for termination of transcription, (4) a leader 
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sequence, and (5) a selectable marker. The polynucleotide 
encoding the Therapeutic protein and albumin protein, once 
part of the albumin fusion construct, may each be referred to 
as a "portion.”“region' or “moiety” of the albumin fusion 
COnStruct. 

0038. The present invention relates generally to poly 
nucleotides encoding albumin fusion proteins; albumin 
fusion proteins; and methods of treating, preventing, or 
ameliorating diseases or disorders using albumin fusion 
proteins or polynucleotides encoding albumin fusion pro 
teins. As used herein, “albumin fusion protein’ refers to a 
protein formed by the fusion of at least one molecule of 
albumin (or a fragment or variant thereof) to at least one 
molecule of a Therapeutic protein (or fragment or variant 
thereof). An albumin fusion protein of the invention com 
prises at least a fragment or variant of a Therapeutic protein 
and at least a fragment or variant of human serum albumin, 
which are associated with one another by genetic fusion (i.e., 
the albumin fusion protein is generated by translation of a 
nucleic acid in which a polynucleotide encoding all or a 
portion of a Therapeutic protein is joined in-frame with a 
polynucleotide encoding all or a portion of albumin). The 
Therapeutic protein and albumin protein, once part of the 
albumin fusion protein, may each be referred to as a "por 
tion”, “region' or “moiety' of the albumin fusion protein 
(e.g., a “Therapeutic protein portion' or an “albumin protein 
portion'). In a highly preferred embodiment, an albumin 
fusion protein of the invention comprises at least one 
molecule of a Therapeutic protein X or fragment or variant 
of thereof (including, but not limited to a mature form of the 
Therapeutic protein X) and at least one molecule of albumin 
or fragment or variant thereof (including but not limited to 
a mature form of albumin). 
0039. In a further preferred embodiment, an albumin 
fusion protein of the invention is processed by a host cell and 
secreted into the Surrounding culture medium. Processing of 
the nascent albumin fusion protein that occurs in the secre 
tory pathways of the host used for expression may include, 
but is not limited to signal peptide cleavage; formation of 
disulfide bonds; proper folding; addition and processing of 
carbohydrates (such as for example, N- and O-linked gly 
cosylation); specific proteolytic cleavages; and assembly 
into multimeric proteins. An albumin fusion protein of the 
invention is preferably in the processed form. In a most 
preferred embodiment, the “processed form of an albumin 
fusion protein’ refers to an albumin fusion protein product 
which has undergone N-terminal signal peptide cleavage, 
herein also referred to as a “mature albumin fusion protein'. 
0040. In several instances, a representative clone contain 
ing an albumin fusion construct of the invention was depos 
ited with the American Type Culture Collection (herein 
referred to as “ATCCR). Furthermore, it is possible to 
retrieve a given albumin fusion construct from the deposit 
by techniques known in the art and described elsewhere 
herein. The ATCC(R) is located at 10801 University Boule 
vard, Manassas, Va. 20110-2209, USA. The ATCC(R) depos 
its were made pursuant to the terms of the Budapest Treaty 
on the international recognition of the deposit of microor 
ganisms for the purposes of patent procedure. 

0041. In one embodiment, the invention provides a poly 
nucleotide encoding an albumin fusion protein comprising, 
or alternatively consisting of a Therapeutic protein and a 
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serum albumin protein. In a further embodiment, the inven 
tion provides an albumin fusion protein comprising, or 
alternatively consisting of a Therapeutic protein and a 
serum albumin protein. In a preferred embodiment, the 
invention provides an albumin fusion protein comprising, or 
alternatively consisting of a Therapeutic protein and a 
serum albumin protein encoded by a polynucleotide 
described in Table 2. In a further preferred embodiment, the 
invention provides a polynucleotide encoding an albumin 
fusion protein whose sequence is shown as SEQ ID NO:Y 
in Table 2. In other embodiments, the invention provides an 
albumin fusion protein comprising, or alternatively consist 
ing of a biologically active and/or therapeutically active 
fragment of a Therapeutic protein and a serum albumin 
protein. In other embodiments, the invention provides an 
albumin fusion protein comprising, or alternatively consist 
ing of a biologically active and/or therapeutically active 
variant of a Therapeutic protein and a serum albumin 
protein. In preferred embodiments, the serum albumin pro 
tein component of the albumin fusion protein is the mature 
portion of serum albumin. The invention further encom 
passes polynucleotides encoding these albumin fusion pro 
teins. 

0042. In further embodiments, the invention provides an 
albumin fusion protein comprising, or alternatively consist 
ing of a Therapeutic protein, and a biologically active 
and/or therapeutically active fragment of serum albumin. In 
further embodiments, the invention provides an albumin 
fusion protein comprising, or alternatively consisting of a 
Therapeutic protein and a biologically active and/or thera 
peutically active variant of serum albumin. In preferred 
embodiments, the Therapeutic protein portion of the albu 
min fusion protein is the mature portion of the Therapeutic 
protein. In a further preferred embodiment, the Therapeutic 
protein portion of the albumin fusion protein is the extra 
cellular soluble domain of the Therapeutic protein. In an 
alternative embodiment, the Therapeutic protein portion of 
the albumin fusion protein is the active form of the Thera 
peutic protein. The invention further encompasses poly 
nucleotides encoding these albumin fusion proteins. 

0043. In further embodiments, the invention provides an 
albumin fusion protein comprising, or alternatively consist 
ing of a biologically active and/or therapeutically active 
fragment or variant of a Therapeutic protein and a biologi 
cally active and/or therapeutically active fragment or variant 
of serum albumin. In preferred embodiments, the invention 
provides an albumin fusion protein comprising, or alterna 
tively consisting of the mature portion of a Therapeutic 
protein and the mature portion of serum albumin. The 
invention further encompasses polynucleotides encoding 
these albumin fusion proteins. 

0044) Therapeutic Proteins 

0045. As stated above, a polynucleotide of the invention 
encodes a protein comprising or alternatively consisting of 
at least a fragment or variant of a Therapeutic protein and at 
least a fragment or variant of human serum albumin, which 
are associated with one another, preferably by genetic 
fusion. 

0046) An additional embodiment includes a polynucle 
otide encoding a protein comprising or alternatively con 
sisting of at least a fragment or variant of a Therapeutic 
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protein and at least a fragment or variant of human serum 
albumin. which are linked with one another by chemical 
conjugation. 
0047 As used herein, “Therapeutic protein refers to 
proteins, polypeptides, antibodies, peptides or fragments or 
variants thereof, having one or more therapeutic and/or 
biological activities. Therapeutic proteins encompassed by 
the invention include but are not limited to, proteins, 
polypeptides, peptides, antibodies, and biologics. (The terms 
peptides, proteins, and polypeptides are used interchange 
ably herein.) It is specifically contemplated that the term 
“Therapeutic protein’ encompasses antibodies and frag 
ments and variants thereof. Thus a protein of the invention 
may contain at least a fragment or variant of a Therapeutic 
protein, and/or at least a fragment or variant of an antibody. 
Additionally, the term “Therapeutic protein’ may refer to the 
endogenous or naturally occurring correlate of a Therapeutic 
protein. 
0.048. By a polypeptide displaying a “therapeutic activ 
ity' or a protein that is “therapeutically active' is meant a 
polypeptide that possesses one or more known biological 
and/or therapeutic activities associated with a therapeutic 
protein Such as one or more of the Therapeutic proteins 
described herein or otherwise known in the art. As a non 
limiting example, a “Therapeutic protein’ is a protein that is 
useful to treat, prevent or ameliorate a disease, condition or 
disorder. As a non-limiting example, a "Therapeutic protein’ 
may be one that binds specifically to a particular cell type 
(normal (e.g., lymphocytes) or abnormal e.g., (cancer cells)) 
and therefore may be used to target a compound (drug, or 
cytotoxic agent) to that cell type specifically. 
0049. For example, a non-exhaustive list of “Therapeutic 
protein’ portions which may be comprised by an albumin 
fusion protein of the invention includes, but is not limited to, 
erythropoietin (EPO), IL-2, G-CSF, Insulin, Calcitonin, 
Growth Hormone, IFN-alpha, IFN-beta, PTH, TR6 (Inter 
national Publication No. WO 98/30694), BLyS, BLyS single 
chain antibody, Resistin, Growth hormone releasing factor, 
VEGF-2, KGF-2, D-SLAM, KDI, and TR2, GLP-1, Exten 
din 4, and GM-CSF. 

0050 Interferon hybrids may also be fused to the amino 
or carboxy terminus of albumin to form an interferon hybrid 
albumin fusion protein. Interferon hybrid albumin fusion 
protein may have enhanced, or alternatively, Suppressed 
interferon activity, Such as antiviral responses, regulation of 
cell growth, and modulation of immune response (Lebleu et 
al., PNAS USA, 73:3107-3111 (1976); Gresser et al., 
Nature, 251:543-545 (1974); and Johnson, Texas Reports 
Biol Med, 35:357-369 (1977)). Each interferon hybrid albu 
min fusion protein can be used to treat, prevent, or amelio 
rate viral infections (e.g., hepatitis (e.g., HCV); or HIV), 
multiple Sclerosis, or cancer. 
0051. In one embodiment, the interferon hybrid portion 
of the interferon hybrid albumin fusion protein comprises an 
interferon alpha-interferon alpha hybrid (herein referred to 
as an alpha-alpha hybrid). For example, the alpha-alpha 
hybrid portion of the interferon hybrid albumin fusion 
protein consists, or alternatively comprises, of interferon 
alpha A fused to interferon alpha D. In a further embodi 
ment, the A/D hybrid is fused at the common BgIII restric 
tion site to interferon alpha D, wherein the N-terminal 
portion of the A/D hybrid corresponds to amino acids 1-62 
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of interferon alpha A and the C-terminal portion corresponds 
to amino acids 64-166 of interferon alpha D. For example, 
this A/D hybrid would comprise the amino acid sequence: 
CDLPQTHSLGSRRTLMLLAQMRXISLFSCLKDRHD 
FGFPQEEFGNQFQKAETIPVLHEMIQ 
QIFNLFITKDSSAAWD EDLLDKFCTELYQQLNDLE 
ACVMQEERVGETPLMN 
XDSILAVKKYFRRITLYLTEKKYSPCAWEVVRAEIM 
RSLS LSTNLQERLRRKE (SEQID NO:1326), wherein the 
X is R or K and the X is A or V (see, for example, 
Construct ID #2875). In an additional embodiment, the A/D 
hybrid is fused at the common PvulII restriction site, 
wherein the N-terminal portion of the A/D hybrid corre 
sponds to amino acids 1-91 of interferon alpha A and the 
C-terminal portion corresponds to amino acids 93-166 of 
interferon alpha D. For example, this A/D hybrid would 
comprise the amino acid Sequence: 
CDLPQTHSLGSRRTLMLLAQMRXISLFSCLKDRHDF 
GFPQEEFGNQFQKAETIPVLHEMIQ 
QIFNLFSTKDSSAAWD ETLLDKFYTELYQQLNDLE 
ACVMQEERVGETPLMN 
XDSILAVKKYFRRITLYLTEKKYSPCAWEVVRAEIM 
RSLSL STNLQERLRRKE (SEQID NO: 1311), wherein the 
X is R or K and the second X is A or V (see, for example, 
Construct ID #2872). These hybrids are further described in 
U.S. Pat. No. 4.414,510, which is hereby incorporated by 
reference in its entirety. 
0052. In an additional embodiment, the alpha-alpha 
hybrid portion of the interferon hybrid albumin fusion 
protein consists, or alternatively comprises, of interferon 
alpha Afused to interferon alpha F. In a further embodiment, 
the A/F hybrid is fused at the common PvulII restriction site, 
wherein the N-terminal portion of the A/F hybrid corre 
sponds to amino acids 1-91 of interferon alpha A and the 
C-terminal portion corresponds to amino acids 93-166 of 
interferon alpha F. For example, this A/F hybrid would 
comprise the amino acid sequence: CDLPQTHSLGSR 
RTLMLLAQMRXISLFSCLKDRHDFGF 
PQEEFGNQFQKAETIPVLHEMIQQIFN 
LFSTKDSSAAWD 
ETLLDKFYTELYQQLND 
MEACVIQEVGVEETPLMNVDSILAVKKY 
FQRITLYLTEKKYSPCAWEVVRAEIMRSFSL 
SKIFQERLRRKE (SEQ ID NO:1321), wherein X is either 
R or K (see, for example, Construct ID #2874). These 
hybrids are further described in U.S. Pat. No. 4414,510, 
which is hereby incorporated by reference in its entirety. In 
a further embodiment, the alpha-alpha hybrid portion of the 
interferon hybrid albumin fusion protein consists, or alter 
natively comprises, of interferon alpha Afused to interferon 
alpha B. In an additional embodiment, the A/B hybrid is 
fused at the common PVul restriction site, wherein the 
N-terminal portion of the A/B hybrid corresponds to amino 
acids 1-91 of interferon alpha A and the C-terminal portion 
corresponds to amino acids 93-166 of interferon alpha B. 
For example, this A/B hybrid would comprise an amino acid 
sequence: CDLPQTHSLGSRRTLMLLAQMRX, ISLFS 
CLKDRHDFGFPQEEFGNQFQKAETIPVL 
HEMIQQIFNLFSTKDSSAAWD 
ETLLDKFYTELYQQLNDLEXXXXQEVGVIESPLM 
YEDSILAVRKYFQRITLYLTEKKYSS 
CAWEVVRAEIMRSFS LSINLQKRLKSKE (SEQ ID 
NO:1316), wherein the X is R or K and X through Xs is 
SCVM or VLCD (see, for example, Construct ID #2873). 
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These hybrids are further described in U.S. Pat. No. 4,414. 
510, which is hereby incorporated by reference in its 
entirety. 

0053. In another embodiment, the interferon hybrid por 
tion of the interferon hybrid albumin fusion protein com 
prises an interferon beta-interferon alpha hybrid (herein 
referred to as a beta-alpha hybrid). For example, the beta 
alpha hybrid portion of the interferon hybrid albumin fusion 
protein consists, or alternatively comprises, of interferon 
beta-1 fused to interferon alpha D (also referred to as 
interferon alpha-1). In a further embodiment, the beta-1/ 
alpha D hybrid is fused wherein the N-terminal portion 
corresponds to amino acids 1-73 of interferon beta-1 and the 
C-terminal portion corresponds to amino acids 74-167 of 
interferon alpha D. For example, this beta-1/alpha D hybrid 
would comprise an amino acid sequence: MSYNLLG 
FLQRSSNFQCQKLLWQLNGRLEY 
CLKDRMNFDIPEE 
IKQLQQFQKEDAALTIYEMLQNIFAIFRODSSAA 
WDEDLLDKFCTELYQQLNDLEACVM 
QEERVGETPLMNXDSILAVKKYFRRIT 
LYLTEKKYSPCAWEVVRAEIMRS LSLSTNLQERLR 
RKE (SEQ ID NO:2130), wherein X is A or V. These 
hybrids are further described in U.S. Pat. No. 4,758,428, 
which is hereby incorporated by reference in its entirety. 

0054. In another embodiment, the interferon hybrid por 
tion of the interferon hybrid albumin fusion protein com 
prises an interferon alpha-interferon beta hybrid (herein 
referred to as a alpha-beta hybrid). For example, the alpha 
beta hybrid portion of the interferon hybrid albumin fusion 
protein consists, or alternatively comprises, of interferon 
alpha D (also referred to as interferon alpha-1) fused to 
interferon beta-1. In a further embodiment, the alpha 
D/beta-1 hybrid is fused wherein the N-terminal portion 
corresponds to amino acids 1-73 of interferon alpha D and 
the C-terminal portion corresponds to amino acids 74-166 of 
interferon beta-1. For example, this alpha D/beta-1 hybrid 
would have an amino acid sequence: MCDLPETHSLDN 
RRTLMLLAQMSRISPSSCLMDRHDFGF 
PQEEFDGNQFQKAPAISVLHELIQQIFN 
LFTTKDSSSTG 
WNETIVENLLANVYHQINHLKTVLEEK 
LEKEDFTRGKLMSSLHLKRYYGRIL 
HYLKAKEYSHCAWTIVRVEILRNF YFINRLTGYLRN 
(SEQ ID NO:2131). These hybrids are further described in 
U.S. Pat. No. 4,758,428, which is hereby incorporated by 
reference in its entirety. 

0055. In further embodiments, the interferon hybrid por 
tion of the interferon hybrid albumin fusion proteins may 
comprise additional combinations of alpha-alpha interferon 
hybrids, alpha-beta interferon hybrids, and beta-alpha inter 
feron hybrids. In additional embodiments, the interferon 
hybrid portion of the interferon hybrid albumin fusion 
protein may be modified to include mutations, Substitutions, 
deletions, or additions to the amino acid sequence of the 
interferon hybrid. Such modifications to the interferon 
hybrid albumin fusion proteins may be made, for example, 
to improve levels of production, increase stability, increase 
or decrease activity, or confer new biological properties. 

0056. The above-described interferon hybrid albumin 
fusion proteins are encompassed by the invention, as are 
host cells and vectors containing polynucleotides encoding 
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the polypeptides. In one embodiment, a interferon hybrid 
albumin fusion protein encoded by a polynucleotide as 
described above has extended shelf life. In an additional 
embodiment, a interferon hybrid albumin fusion protein 
encoded by a polynucleotide described above has a longer 
serum half-life and/or more stabilized activity in solution (or 
in a pharmaceutical composition) in vitro and/or in vivo than 
the corresponding unfused interferon hybrid molecule. 
0057. In another non-limiting example, a “Therapeutic 
protein' is a protein that has a biological activity, and in 
particular, a biological activity that is useful for treating, 
preventing or ameliorating a disease. A non-inclusive list of 
biological activities that may be possessed by a Therapeutic 
protein includes, enhancing the immune response, promot 
ing angiogenesis, inhibiting angiogenesis, regulating endo 
crine function, regulating hematopoietic functions, stimu 
lating nerve growth, enhancing an immune response, 
inhibiting an immune response, or any one or more of the 
biological activities described in the “Biological Activities’ 
section below and/or as disclosed for a given Therapeutic 
protein in Table 1 (column 2). 
0.058 As used herein, “therapeutic activity” or “activity” 
may refer to an activity whose effect is consistent with a 
desirable therapeutic outcome in humans, or to desired 
effects in non-human mammals or in other species or organ 
isms. Therapeutic activity may be measured in vivo or in 
vitro. For example, a desirable effect may be assayed in cell 
culture. As an example, when EPO is the Therapeutic 
protein, the effects of EPO on cell proliferation as described 
in Example 8 may be used as the endpoint for which 
therapeutic activity is measured. Such in vitro or cell culture 
assays are commonly available for many Therapeutic pro 
teins as described in the art. Examples of assays include, but 
are not limited to those described herein in the Examples 
section or in the “Exemplary Activity Assay” column (col 
umn 3) of Table 1. 
0059. Therapeutic proteins corresponding to a Therapeu 

tic protein portion of an albumin fusion protein of the 
invention, Such as cell Surface and secretory proteins, are 
often modified by the attachment of one or more oligosac 
charide groups. The modification, referred to as glycosyla 
tion, can dramatically affect the physical properties of pro 
teins and can be important in protein stability, secretion, and 
localization. Glycosylation occurs at specific locations along 
the polypeptide backbone. There are usually two major types 
of glycosylation: glycosylation characterized by O-linked 
oligosaccharides, which are attached to serine or threonine 
residues; and glycosylation characterized by N-linked oli 
gosaccharides, which are attached to asparagine residues in 
an Asn-X-Ser or Asn-X-Thr sequence, where X can be any 
amino acid except proline. N-acetylneuramic acid (also 
known as sialic acid) is usually the terminal residue of both 
N-linked and 0-linked oligosaccharides. Variables such as 
protein structure and cell type influence the number and 
nature of the carbohydrate units within the chains at different 
glycosylation sites. Glycosylation isomers are also common 
at the same site within a given cell type. 

0060 For example, several types of human interferon are 
glycosylated. Natural human interferon-C2 is O-glycosy 
lated at threonine 106, and N-glycosylation occurs at aspar 
agine 72 in interferon-C.14 (Adolfetal., J. Biochem 276:511 
(1991); Nyman T A et al., J. Biochem 329:295 (1998)). The 
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oligosaccharides at asparagine 80 in natural interferon-31 C. 
may play an important factor in the Solubility and stability 
of the protein, but may not be essential for its biological 
activity. This permits the production of an unglycosylated 
analog (interferon-B1b) engineered with sequence modifi 
cations to enhance stability (Hosoi et al., J. Interferon Res. 
8:375 (1988: Karpusas et al., Cell Mol Life Sci 54:1203 
(1998); Knight, J. Interferon Res. 2:421 (1982): Runkel et 
al., Pharm Res 15:641 (1998); Lin, Dev. Biol. Stand. 96.97 
(1998)). Interferon-Y contains two N-linked oligosaccharide 
chains at positions 25 and 97, both important for the efficient 
formation of the bioactive recombinant protein, and having 
an influence on the pharmacokinetic properties of the protein 
(Sareneva et al., Eur. J. Biochem 242: 191 (1996); Sareneva 
et al, Biochem J. 303:831 (1994): Sareneva et al., J. Inter 
feron Res. 13:267 (1993)). Mixed O-linked and N-linked 
glycosylation also occurs, for example in human erythro 
poietin, N-linked glycosylation occurs at asparagine resi 
dues located at positions 24, 38 and 83 while O-linked 
glycosylation occurs at a serine residue located at position 
126(Lai et al., J. Biol. Chem. 261:3116(1986); Broudy et al., 
Arch. Biochem. Biophys. 265:329(1988)). 
0061 Glycosylation of EPO albumin fusion proteins may 
influence the activity and/or stability of the EPO albumin 
fusion proteins. The EPO portion of the albumin fusion 
protein may contain 3 N-linked sites for glycosylation, each 
of which can carry one tetra-antennary structure. When the 
EPO albumin fusion protein is glycosylated, the half-life of 
the molecule may be increased. In one embodiment, the 
EPO albumin fusion protein is glycosylated. In another 
embodiment, the EPO albumin fusion protein is hypergly 
cosylated. 

0062 One type of sugar commonly found in oligosac 
charides is sialic acid. Each tetra-antennary structure of the 
N-linked glycosylation sites of EPO may carry four sialic 
acid residues. Accordingly, in a preferred embodiment, the 
EPO albumin fusion protein is glycosylated with a carbo 
hydrate group containing sialic acid. In an additional 
embodiment, the EPO albumin fusion protein comprises a 
fully sialylated EPO protein containing four sialic acid 
residues per tetra-antennerary structure per site with a molar 
ratio of Sialic acid to protein 12:1 or greater. In alternative 
embodiments, the EPO albumin fusion protein comprises a 
hypersialylated EPO protein wherein one, two, or three 
sialic acid residues are attached at each tetra-antennerary 
structure per site with a molar ratio of Sialic acid to protein 
less than 12:1. 

0063 Two types of sialic acid that may be used in the 
sialylation of the EPO albumin fusion protein are N-acetyl 
neuraminic acid (Neu5Ac) or N-glycolylneuraminic acid 
(Neu5Gc). In a preferred embodiment, hypersialylated EPO 
albumin fusion proteins contain Neu5Ac. More preferably, 
the total sialic acid content of hypersialylated EPO albumin 
fusion proteins is at least 97% Neu5Ac. Most preferred are 
EPO albumin fusion protein structures with little or no 
Neu5Gc. 

0064 Preferably, the albumin EPO fusion protein has at 
least 4 moles of sialylation, and more preferably, at least 8-9 
moles of Sialylation. An additional embodiment comprises 
an albumin EPO fusion protein with 4 moles of sialylation, 
5 moles of sialylation, 6 moles of sialylation, 7 moles of 
sialylation, 8-9 moles of sialylation, 8 moles of sialylation, 
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9 moles of sialylation, 10 moles of sialylation, 11 moles of 
sialylation, or 12 moles of Sialylation. 

0065. The degree of sialylation of a protein changes the 
charge of the protein and its retention time on a chromatog 
raphy column. Therefore, certain chromatography steps used 
in the purification process may be used to monitor or enrich 
for hypersialylated EPO albumin fusion proteins. In a pre 
ferred embodiment, the amount of Sialylation may be moni 
tored by HPLC chromatography. In an additional embodi 
ment, steps in the purification process of EPO albumin 
fusions may be used to enrich for hypersialylated EPO 
albumin fusion proteins. In a preferred embodiment the 
purification steps that may be used to enrich for hypersia 
lylated EPO albumin fusion proteins comprise the butyl 
sepharose FF purification step to remove virus particles by 
high ammonium salt and the hydroxyapatite chromatogra 
phy at pH 6.8 for the final purification step. 

0066. Therapeutic proteins corresponding to a Therapeu 
tic protein portion of an albumin fusion protein of the 
invention, as well as analogs and variants thereof, may be 
modified so that glycosylation at one or more sites is altered 
as a result of manipulation(s) of their nucleic acid sequence, 
by the host cell in which they are expressed, or due to other 
conditions of their expression. For example, glycosylation 
isomers may be produced by abolishing or introducing 
glycosylation sites, e.g., by Substitution or deletion of amino 
acid residues, such as substitution of glutamine for aspar 
agine, or unglycosylated recombinant proteins may be pro 
duced by expressing the proteins in host cells that will not 
glycosylate them, e.g. in E. coli or glycosylation-deficient 
yeast. These approaches are described in more detail below 
and are known in the art. 

0067. Therapeutic proteins, particularly those disclosed 
in Table 1, and their nucleic acid and amino acid sequences 
are well known in the art and available in public databases 
Such as Chemical Abstracts Services Databases (e.g., the 
CAS Registry), GenBank, and subscription provided data 
bases such as GenSeq (e.g., Derwent). Exemplary nucleotide 
sequences of Therapeutic proteins which may be used to 
derive a polynucleotide of the invention are shown in 
column 7, “SEQID NO:X,” of Table 2. Sequences shown as 
SEQID NO:X may be a wild type polynucleotide sequence 
encoding a given Therapeutic protein (e.g., either full length 
or mature), or in some instances the sequence may be a 
variant of said wild type polynucleotide-sequence (e.g., a 
polynucleotide which encodes the wild type Therapeutic 
protein, wherein the DNA sequence of said polynucleotide 
has been optimized, for example, for expression in a par 
ticular species; or a polynucleotide encoding a variant of the 
wild type Therapeutic protein (i.e., a site directed mutant; an 
allelic variant)). It is well within the ability of the skilled 
artisan to use the sequence shown as SEQID NO:X to derive 
the construct described in the same row. For example, if 
SEQID NO:X corresponds to a full length protein, but only 
a portion of that protein is used to generate the specific CID, 
it is within the skill of the art to rely on molecular biology 
techniques, such as PCR, to amplify the specific fragment 
and clone it into the appropriate vector. 

0068 Additional Therapeutic proteins corresponding to a 
Therapeutic protein portion of an albumin fusion protein of 
the invention include, but are not limited to, one or more of 



US 2007/0244047 A1 

the Therapeutic proteins or peptides disclosed in the “Thera 
peutic Protein X column of Table 1 (column 1), or fragment 
or variable thereof. 

0069 Table 1 provides a non-exhaustive list of Thera 
peutic proteins that correspond to a Therapeutic protein 
portion of an albumin fusion protein of the invention, or an 
albumin fusion protein encoded by a polynucleotide of the 
invention. The first column, “Therapeutic Protein X.” dis 
closes Therapeutic protein molecules that may be followed 
by parentheses containing Scientific and brand names of 
proteins that comprise, or alternatively consist of that 
Therapeutic protein molecule or a fragment or variant 
thereof. “Therapeutic protein X’ as used herein may refer 
either to an individual Therapeutic protein molecule, or to 
the entire group of Therapeutic proteins associated with a 
given Therapeutic protein molecule disclosed in this col 
umn. The “Biological activity” column (column 2) describes 
Biological activities associated with the Therapeutic protein 
molecule. Column 3. “Exemplary Activity Assay, provides 
references that describe assays which may be used to test the 
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therapeutic and/or biological activity of a Therapeutic pro 
tein:X or an albumin fusion protein comprising a Therapeu 
tic protein X (or fragment thereof) portion. Each of the 
references cited in the “Exemplary Activity Assay” column 
are herein incorporated by reference in their entireties, 
particularly with respect to the description of the respective 
activity assay described in the reference (see Methods 
section therein, for example) for assaying the corresponding 
biological activity set forth in the “Biological Activity” 
column of Table 1. The fourth column, "Preferred Indica 
tion: Y.” describes disease, disorders, and/or conditions that 
may be treated, prevented, diagnosed, and/or ameliorated by 
Therapeutic protein X or an albumin fusion protein com 
prising a Therapeutic protein X (or fragment thereof) por 
tion. The “Construct ID' column (column 5) provides a link 
to an exemplary albumin fusion construct disclosed in Table 
2 which encodes an albumin fusion protein comprising, or 
alternatively consisting of the referenced Therapeutic Pro 
tein X (or fragment thereof) portion. 



Oct. 18, 2007 US 2007/0244047 A1 



Oct. 18, 2007 US 2007/0244047 A1 
10 



Oct. 18, 2007 US 2007/0244047 A1 
11 

SI6, '908Z “SISZ 



Oct. 18, 2007 US 2007/0244047 A1 
12 



Oct. 18, 2007 US 2007/0244047 A1 
13 



Oct. 18, 2007 US 2007/0244047 A1 
14 



Oct. 18, 2007 US 2007/0244047 A1 
15 



Oct. 18, 2007 US 2007/0244047 A1 
16 



Oct. 18, 2007 US 2007/0244047 A1 
17 



Oct. 18, 2007 US 2007/0244047 A1 
18 



Oct. 18, 2007 US 2007/0244047 A1 
19 

£Á VONOH 



Oct. 18, 2007 US 2007/0244047 A1 
20 



Oct. 18, 2007 US 2007/0244047 A1 
21 



Oct. 18, 2007 US 2007/0244047 A1 
22 

‘OXIV : SOTIV ‘AIH 

(FIATIVN 



Oct. 18, 2007 US 2007/0244047 A1 
23 

Á ZOTI ICTYIH 



Oct. 18, 2007 US 2007/0244047 A1 
24 



Oct. 18, 2007 US 2007/0244047 A1 
25 



Oct. 18, 2007 US 2007/0244047 A1 
26 



Oct. 18, 2007 US 2007/0244047 A1 
27 

08&ITETOH 



Oct. 18, 2007 US 2007/0244047 A1 
28 



Oct. 18, 2007 US 2007/0244047 A1 
29 





Oct. 18, 2007 US 2007/0244047 A1 
31 

  



Oct. 18, 2007 US 2007/0244047 A1 
32 



Oct. 18, 2007 US 2007/0244047 A1 
33 



Oct. 18, 2007 US 2007/0244047 A1 
34 



Oct. 18, 2007 US 2007/0244047 A1 
35 

ºsieprosip KuopuIuB JUI 



Oct. 18, 2007 

VSH VSH 
089 

Á Á 9 

669 Á 69 

36 
US 2007/0244047 A1 

Z HT8IVIL 







Oct. 18, 2007 US 2007/0244047 A1 
39 



Oct. 18, 2007 US 2007/0244047 A1 
40 

VSH 





Oct. 18, 2007 US 2007/0244047 A1 
42 

VSH 



Oct. 18, 2007 US 2007/0244047 A1 
43 

VSH 



Oct. 18, 2007 US 2007/0244047 A1 



Oct. 18, 2007 US 2007/0244047 A1 
45 



Oct. 18, 2007 US 2007/0244047 A1 
46 

ponunuop-Z 



Oct. 18, 2007 US 2007/0244047 A1 
47 



Oct. 18, 2007 US 2007/0244047 A1 
48 



Oct. 18, 2007 US 2007/0244047 A1 
49 



Oct. 18, 2007 US 2007/0244047 A1 



Oct. 18, 2007 US 2007/0244047 A1 
51 



Oct. 18, 2007 US 2007/0244047 A1 
52 





Oct. 18, 2007 US 2007/0244047 A1 

VSH 



Oct. 18, 2007 US 2007/0244047 A1 
55 







Oct. 18, 2007 US 2007/0244047 A1 
58 



Oct. 18, 2007 US 2007/0244047 A1 
59 



Oct. 18, 2007 US 2007/0244047 A1 
60 





Oct. 18, 2007 US 2007/0244047 A1 
62 



US 2007/0244047 A1 

0071 Table 2 provides a non-exhaustive list of poly 
nucleotides of the invention comprising, or alternatively 
consisting of nucleic acid molecules encoding an albumin 
fusion protein. The first column, “Fusion No.” gives a fusion 
number to each polynucleotide. Column 2. “Construct ID 
provides a unique numerical identifier for each polynucle 
otide of the invention. The Construct IDs may be used to 
identify polynucleotides which encode albumin fusion pro 
teins comprising, or alternatively consisting of a Therapeu 
tic protein portion corresponding to a given Therapeutic 
Protein:X listed in the corresponding row of Table 1 wherein 
that Construct ID is listed in column 5. The “Construct 
Name” column (column 3) provides the name of a given 
albumin fusion construct or polynucleotide. 
0072 The fourth column in Table 2, “Description” pro 
vides a general description of a given albumin fusion 
construct, and the fifth column, “Expression Vector' lists the 
vector into which a polynucleotide comprising, or alterna 
tively consisting of a nucleic acid molecule encoding a 
given albumin fusion protein was cloned. Vectors are known 
in the art, and are available commercially or described 
elsewhere. For example, as described in the Examples, an 
“expression cassette' comprising, or alternatively consisting 
of one or more of (1) a polynucleotide encoding a given 
albumin fusion protein, (2) a leader sequence, (3) a promoter 
region, and (4) a transcriptional terminator, may be 
assembled in a convenient cloning vector and Subsequently 
be moved into an alternative vector, Such as, for example, an 
expression Vector including, for example, a yeast expression 
vector or a mammalian expression vector. In one embodi 
ment, for expression in S. cervisiae, an expression cassette 
comprising, or alternatively consisting of a nucleic acid 
molecule encoding an albumin fusion protein is cloned into 
pSAC35. In another embodiment, for expression in CHO 
cells, an expression cassette comprising, or alternatively 
consisting of a nucleic acid molecule encoding an albumin 
fusion protein is cloned into pC4. In a further embodiment, 
a polynucleotide comprising or alternatively consisting of a 
nucleic acid molecule encoding the Therapeutic protein 
portion of an albumin fusion protein is cloned into 
pC4:HSA. In a still further embodiment, for expression in 
NSO cells, an expression cassette comprising, or alterna 
tively consisting of a nucleic acid molecule encoding an 
albumin fusion protein is cloned into pEE 12. Other useful 
cloning and/or expression vectors will be known to the 
skilled artisan and are within the scope of the invention. 
0073 Column 6. “SEQ ID NO:Y,” provides the full 
length amino acid sequence of the albumin fusion protein of 
the invention. In most instances, SEQ ID NO:Y shows the 
unprocessed form of the albumin fusion protein encoded— 
in other words, SEQID NO:Y shows the signal sequence, a 
HSA portion, and a therapeutic portion all encoded by the 
particular construct. Specifically contemplated by the 
present invention are all polynucleotides that encode SEQ 
ID NO:Y. When these polynucleotides are used to express 
the encoded protein from a cell, the cell's natural secretion 
and processing steps produces a protein that lacks the signal 
sequence listed in columns 4 and/or 11 of Table 2. The 
specific amino acid sequence of the listed signal sequence is 
shown later in the specification or is well known in the art. 
Thus, most preferred embodiments of the present invention 
include the albumin fusion protein produced by a cell (which 
would lack the leader sequence shown in columns 4 and/or 
11 of Table 2). Also most preferred are polypeptides com 

Oct. 18, 2007 

prising SEQID NO:Y without the specific leader sequence 
listed in columns 4 and/or 11 of Table 2. Compositions 
comprising these two preferred embodiments, including 
pharmaceutical compositions, are also preferred. Moreover, 
it is well within the ability of the skilled artisan to replace the 
signal sequence listed in columns 4 and/or 11 of Table 2 with 
a different signal sequence, such as those described later in 
the specification to facilitate secretion of the processed 
albumin fusion protein. 

0074 The seventh column, “SEQ ID NO:X,” provides 
the parent nucleic acid sequence from which a polynucle 
otide encoding a Therapeutic protein portion of a given 
albumin fusion protein may be derived. In one embodiment, 
the parent nucleic acid sequence from which a polynucle 
otide encoding a Therapeutic protein portion of an albumin 
fusion protein may be derived comprises the wild type gene 
sequence encoding a Therapeutic protein shown in Table 1. 
In an alternative embodiment, the parent nucleic acid 
sequence from which a polynucleotide encoding a Thera 
peutic protein portion of an albumin fusion protein may be 
derived comprises a variant or derivative of a wild type gene 
sequence encoding a Therapeutic protein shown in Table 1, 
Such as, for example, a synthetic codon optimized variant of 
a wild type gene sequence encoding a Therapeutic protein. 

0075) The eighth column, “SEQ ID NO:Z.” provides a 
predicted translation of the parent nucleic acid sequence 
(SEQ ID NO:X). This parent sequence can be a full length 
parent protein used to derive the particular construct, the 
mature portion of a patent protein, a variant or fragment of 
a wildtype protein, or an artificial sequence that can be used 
to create the described construct. One of skill in the art can 
use this amino acid sequence shown in SEQ ID NO:Z to 
determine which amino acid residues of an albumin fusion 
protein encoded by a given construct are provided by the 
therapeutic protein. Moreover, it is well within the ability of 
the skilled artisan to use the sequence shown as SEQ ID 
NO:Z to derive the construct described in the same row. For 
example, if SEQ ID NO:Z corresponds to a full length 
protein, but only a portion of that protein is used to generate 
the specific CID, it is within the skill of the art to rely on 
molecular biology techniques, such as PCR, to amplify the 
specific fragment and clone it into the appropriate vector. 

0076 Amplification primers provided in columns 9 and 
10, “SEQID NO:A” and “SEQ ID NO:B” respectively, are 
exemplary primers used to generate a polynucleotide com 
prising or alternatively consisting of a nucleic acid molecule 
encoding the Therapeutic protein portion of a given albumin 
fusion protein. In one embodiment of the invention, oligo 
nucleotide primers having the sequences shown in columns 
9 and/or 10 (SEQ ID NOS:A and/or B) are used to PCR 
amplify a polynucleotide encoding the Therapeutic protein 
portion of an albumin fusion protein using a nucleic acid 
molecule comprising or alternatively consisting of the nucle 
otide sequence provided in column 7 (SEQID NO:X) of the 
corresponding row as the template DNA. PCR methods are 
well-established in the art. Additional useful primer 
sequences could readily be envisioned and utilized by those 
of ordinary skill in the art. 

0077. In an alternative embodiment, oligonucleotide 
primers may be used in overlapping PCR reactions to 
generate mutations within a template DNA sequence. PCR 
methods are known in the art. 
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0078. As shown in Table 3, certain albumin fusion con- 0079. It is possible to retrieve a given albumin fusion 
structs disclosed in this application have been deposited with construct from the deposit by techniques known in the art 
the ATCCR). 

TABLE 3 

Construct ID Construct Name 

642 

643 

812 

941 

949 

966 

981 

997 

2031 

2053 

2249 

2250 

2255 

2276 

2298 

2294 

2325 

2343 

23.63 

2373 

2381 

2.382 

2387 

2414 

2441 

2492 

3070 

316S 

31.63 

SAC3S:GCSF.T31-P2O4.HSA 

SAC3SHSAGCSF.T31-P204 

SAC35:IL2A21-T153.HSA 

pC4:HSA/PTH84(junctioned) 

pC4:PTH.S1-Q84/HSA (junctioned) 

C4:EPO.M1-D192.HSA 
also named pC4:EPOM1-D192.HSA 
C4HSA-EPO.A28-D192 

EE12.1:EPOM1-D192HSA 

pSAC35.ycoIL-2.A21-T153. HSA 

pSAC35.HSAycoIL-2.A21-T153 

EE12:IFNb-HSA 
also named pEE 12.1:IFNB-HSA 
EE12:HSA-IFNb 

SAC3SIFNa2-HSA 
also named pSAC23:IFNC2-HSA 
pSAC35:HSA.INSULIN(GYG) 
also named pSAC35.HSA.INSULING(GYG). F1-N62 
pSAC35:INSULIN(GYG).HSA 
also named pSAC35.INSULING(GYG).F1-N62.HSA 
pSAC35:HSA.INSULIN(GGG) 
also named pSAC35.HSA.INSULING(GGG).F1-N58 
EE12.1:EPO.R140G.HSA 

C4:EPO.R140G.HSA 
also named C4.EPO.R1406.HSA 
pC4.EPO:M1-D192. HSA.Codon opt. 

pEE12.EPO:M1-D192copt.HSAGCSF.T.31-P204 
also named: 

SAC3SHSAIFNa 

also named CID 3165, pSAC35:HSA.INFC. 
SAC3SHSAGH 

and described elsewhere herein (see, Example 40). The 

ATCC Deposit No./Date 

PTA-3767 

Oct. 5, 200 
PTA-3766 

Oct. 5, 200 
PTA-3759 

Oct. 4, 200 
PTA-3761 

Oct. 4, 200 
PTA-3762 

Oct. 4, 200 
PTA-3771 

Oct. 5, 200 
PTA-3770 

Oct. 5, 200 
PTA-3768 

Oct. 5, 200 
PTA-3757 

Oct. 4, 200 
PTA-3758 

Oct. 4, 200 
PTA-3764 

Oct. 4, 200 
PTA-3941 

Dec. 19, 2001 
PTA-3763 
Oct. 4, 200 
PTA-3916 

Dec. O7, 2001 
PTA-3917 

Dec. O7, 2001 
PTA-3918 

Dec. O7, 2001 
PTA-3760 

Oct. 4, 2001 
PTA-3742 
Sept. 28, 2001 
PTA-3773 

Oct. 5, 2001 
PTA-3940 

Dec. 19, 2001 
PTA-3740 
Sept. 28, 2001 
PTA-3741 

Sept. 28, 2001 
PTA-3942 

Dec. 19, 2001 
PTA-3939 

Dec. 19, 2001 
PTA-3919 

Dec. 11, 2001 
PTA-3924 

Dec. 12, 2001 

PTA-3923 

Dec. 12, 2001 

PTA-3943 

Dec. 19, 2001 
PTA-4671 

Sept. 16, 2002 
PTA-4670 

Sept. 16, 2002 
PTA-4770 

Oct. 22, 2002 
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ATCC is located at 10801 University Boulevard, Manassas, 
Va., 20110-2209, USA. The ATCC deposits were made 
pursuant to the terms of the Budapest Treaty on the inter 
national recognition of the deposit of microorganisms for the 
purposes of patent procedure. 

0080. In a further embodiment of the invention, an 
“expression cassette' comprising, or alternatively consisting 
of one or more of (1) a polynucleotide encoding a given 
albumin fusion protein, (2) a leader sequence, (3) a promoter 
region, and (4) a transcriptional terminator can be moved or 
“subcloned from one vector into another. Fragments to be 
subcloned may be generated by methods well known in the 
art, Such as, for example, PCR amplification (e.g., using 
oligonucleotide primers having the sequence shown in SEQ 
ID NO:A or B), and/or restriction enzyme digestion. 
0081. In preferred embodiments, the albumin fusion pro 
teins of the invention are capable of a therapeutic activity 
and/or biologic activity corresponding to the therapeutic 
activity and/or biologic activity of the Therapeutic protein 
corresponding to the Therapeutic protein portion of the 
albumin fusion protein listed in the corresponding row of 
Table 1. In further preferred embodiments, the therapeuti 
cally active protein portions of the albumin fusion proteins 
of the invention are fragments or variants of the protein 
encoded by the sequence shown in SEQID NO:X column of 
Table 2, and are capable of the therapeutic activity and/or 
biologic activity of the corresponding Therapeutic protein. 
Non-Human Albumin Fusion Proteins of Growth Hormone. 

0082 In one embodiment, the albumin fusion proteins of 
the invention comprise one or more Serum Albumin proteins 
of a non-human animal species, fused in tandem and in 
frame either at the N-terminus or the C-terminus to one or 
more Growth Hormone proteins of the same non-human 
animal species. Non-human Serum Albumin and Growth 
Hormone proteins are well known in the art and available in 
public databases. For example, Table 4 presents accession 
numbers corresponding to non-human Serum Albumin 
sequences (column 2) and non-human Growth Hormone 
sequences (column 3) found in GenBank. In a preferred 
embodiment, a Serum Albumin protein from a non-human 
animal species listed in Table 4 is fused to a Growth 
Hormone protein from the same non-human animal species. 
0083. In a specific embodiment, the albumin fusion pro 
tein of the invention comprises one or more Bos taurus 
Serum Albumin proteins listed in Table 4, column 2, fused 
in tandem and in-frame either at the N-terminus or the 
C-terminus to one or more Bos taurus Growth Hormone 
proteins listed in Table 4, column 3. 
0084 Fusion proteins comprising fragments or variants 
of non-human Serum Albumin, Such as, for example, the 
mature form of Serum Albumin, are also encompassed by 
the invention. Fusion proteins comprising fragments or 
variants of non-human Growth Hormone proteins, such as, 
for example, the mature form of Growth Hormone, are also 
encompassed by the invention. Preferably the non-human 
Growth Hormone fragments and variants retain growth 
hormone activity. 
0085 Polynucleotides of the invention comprise, or alter 
natively consist of one or more nucleic acid molecules 
encoding a non-human albumin fusion protein described 
above. For example, the polynucleotides can comprise, or 
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alternatively consist of, one or more nucleic acid molecules 
that encode a Serum Albumin protein from a non-human 
animal species listed in Table 4, column 1 (Such as, for 
example, the non-human Serum Albumin reference 
sequences listed in Table 4, column 2) fused in tandem and 
in-frame either 5' or 3' to a polynucleotide that comprises, or 
alternatively consists of, one or more nucleic acid molecules 
encoding the non-human Growth Hormone protein of the 
corresponding non-human animal species (for example, the 
Growth Hormone reference sequences listed in Table 4, 
column 3). 

0086) The above-described non-human albumin fusion 
proteins are encompassed by the invention, as are host cells 
and vectors containing these polynucleotides. In one 
embodiment, a non-human albumin fusion protein encoded 
by a polynucleotide as described above has extended shelf 
life. In an additional embodiment, a non-human albumin 
fusion protein encoded by a polynucleotide described above 
has a longer serum half-life and/or more stabilized activity 
in Solution (or in a pharmaceutical composition) in vitro 
and/or in vivo than the corresponding unfused Growth 
Hormone molecule. 

0087. The present invention also encompasses methods 
of preventing, treating, or ameliorating a disease or disorder 
in a non-human animal species. In certain embodiments, the 
present invention encompasses a method of treating a vet 
erinary disease or disorder comprising administering to a 
non-human animal species in which Such treatment, preven 
tion or amelioration is desired an albumin fusion protein of 
the invention that comprises a Growth Hormone portion 
corresponding to a Growth Hormone protein (or fragment or 
variant thereof) in an amount effective to treat, prevent or 
ameliorate the disease or disorder. Veterinary diseases and/ 
or disorders which may be treated, prevented, or ameliorated 
include growth disorders (such as, for example, pituitary 
dwarfism), shin Soreness, obesity, growth hormone-respon 
sive dermatosis, dilated cardiomyopathy, eating disorders, 
reproductive disorders, and endocrine disorders. 

0088. Non-human albumin fusion proteins of the inven 
tion may also be used to promote healing of skin wounds, 
corneal injuries, bone fractures, and injuries of joints, ten 
dons, or ligaments. 

0089. Non-human albumin fusion proteins of the inven 
tion may also be used to increase milk production in 
lactating animals. In a preferred embodiment, the lactating 
animal is a dairy cow. 

0090. Non-human albumin fusion proteins of the inven 
tion may also be used to improve body condition in aged 
animals. 

0091 Non-human albumin fusion proteins of the inven 
tion may also be used to increase fertility, pregnancy rates, 
and reproductive success in domesticated animals. 

0092. Non-human albumin fusion proteins of the inven 
tion may also be used to improve the lean-to-fat ratio in 
animals raised for consumption, as well as to improve 
appetite, and increase body size and growth rate. 
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Non-Human 
Species 

BoS tattrits 

SiS scrofa 

Equit is Cabalius 

Ovis airies 

66 

TABLE 4 

Non-Human Serum Albumin Reference 
Sequence(s): GenBank Protein 
Accession Nos. 

ABBOS, CAA76847, PO2769, 
CAA41735, 229552, AAA51411 

PO8835, CAA30970, AAA30988 

ABHOS, AAG40944, P35747, 
CAA521.94 
ABSHS, P14639, CAA34903 

Non-Human Growth Hormone Reference 
Sequence(s): GenBank Protein Accession Nos. 

STBO, BAAO6379, A29864, AAF28806, 
AAF28805, AAF28804, PO1246, AAFO3132, 
AAC63901, AAB92549, A36506, I45901, JC1316, 
CAA23445, CAA00787, CAAO0598, AAA30547, 
AAA30546, AAA30545, AAA30544, AAA30543, 
AAA30542 
STPG, PC1017, AAB29947, AAB84359, 146585, 
I46584, PC1063, AO1516, AAB17619, 226829, 
225740, CAA37411, CAAO0592, AAA73478, 
AAA73477, CAAO0356, AAA31046, AAA31045, 
AAA31044, AA30543 
STHO, PO1245, AAD25992, 227704, AAA21027 

STSH, AAB24467, AAC48679, 228487, 223932, 
CAA34098, CAA31063, CAAO0828, AAA31527 
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Saimo Saiar ABONS2, ABONS2, CAA36643, 
CAA431.87 

STONC, P07064, Q07221, P43096, P10814, 
P10607, I51186, SO3709, JSO179, A23154, 
SO6489, CAA42431, AAB29165, AAB24612, 
Q91221, Q91222, CAA43942, CAA32481, 
738.042, 224,555, CAAOO427, AAA50757, 
AAA49558, AAA49555, AAA49553, AAA494.01, 
AAA494O6. AAA49403, AAA494O2 

Gaius gallius ABCHS, P19121, CAA43098 BAB62262, BAB69037, AAK95643, A605.09, 
AAGO1029, BAAO1365, PO8998, 226895, 
CAA31127, CAA35619, AAA4818O 

Feis catus P49064, S57632, CAA59279, JC4660 
AAA67294 

Canis familiaris P49822, S29749, CAB64867, 
CAA76841, AAB30434 

JC4632, P46404, AACOOO73, AAA96142, 

P33711, I46145, AAF89582, AAF21502, 
AAD43366, S35790, AAB34229, CAA80601 

Polypeptide and Polynucleotide Fragments and Variants 

0093. Fragments 

0094. The present invention is further directed to frag 
ments of the Therapeutic proteins described in Table 1, 
albumin proteins, and/or albumin fusion proteins of the 
invention. 

0.095 The present invention is also directed to polynucle 
otides encoding fragments of the Therapeutic proteins 
described in Table 1, albumin proteins, and/or albumin 
fusion proteins of the invention. 

0096. Even if deletion of one or more amino acids from 
the N-terminus of a protein results in modification or loss of 
one or more biological functions of the Therapeutic protein, 
albumin protein, and/or albumin fusion protein of the inven 
tion, other Therapeutic activities and/or functional activities 
(e.g., biological activities, ability to multimerize, ability to 
bind a ligand) may still be retained. For example, the ability 
of polypeptides with N-terminal deletions to induce and/or 
bind to antibodies which recognize the complete or mature 
forms of the polypeptides generally will be retained when 
less than the majority of the residues of the complete 
polypeptide are removed from the N-terminus. Whether a 
particular polypeptide lacking N-terminal residues of a 
complete polypeptide retains such immunologic activities 
can readily be determined by routine methods described 
herein and otherwise known in the art. It is not unlikely that 
a mutein with a large number of deleted N-terminal amino 
acid residues may retain some biological or immunogenic 
activities. In fact, peptides composed of as few as six amino 
acid residues may often evoke an immune response. 

0097 Accordingly, fragments of a Therapeutic protein 
corresponding to a Therapeutic protein portion of an albu 
min fusion protein of the invention, include the full length 
protein as well as polypeptides having one or more residues 
deleted from the amino terminus of the amino acid sequence 
of the reference polypeptide (i.e., a Therapeutic protein 
referred to in Table 1, or a Therapeutic protein portion of an 
albumin fusion protein encoded by a polynucleotide or 
albumin fusion construct described in Table 2). In particular, 
N-terminal deletions may be described by the general for 
mula m to q, where q is a whole integer representing the total 
number of amino acid residues in a reference polypeptide 
(e.g., a Therapeutic protein referred to in Table 1, or a 
Therapeutic protein portion of an albumin fusion protein of 
the invention, or a Therapeutic protein portion of an albumin 
fusion protein encoded by a polynucleotide or albumin 
fusion construct described in Table 2), and m is defined as 
any integer ranging from 2 to q minus 6. Polynucleotides 
encoding these polypeptides are also encompassed by the 
invention. 

0098. In addition, fragments of serum albumin polypep 
tides corresponding to an albumin protein portion of an 
albumin fusion protein of the invention, include the full 
length protein as well as polypeptides having one or more 
residues deleted from the amino terminus of the amino acid 
sequence of the reference polypeptide (i.e., serum albumin, 
or a serum albumin portion of an albumin fusion protein 
encoded by a polynucleotide or albumin fusion construct 
described in Table 2). In preferred embodiments, N-terminal 
deletions may be described by the general formula m to 585, 
where 585 is a whole integer representing the total number 
of amino acid residues in mature human serum albumin 
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(SEQ ID NO:1038), and m is defined as any integer ranging 
from 2 to 579. Polynucleotides encoding these polypeptides 
are also encompassed by the invention. In additional 
embodiments, N-terminal deletions may be described by the 
general formula m to 609, where 609 is a whole integer 
representing the total number of amino acid residues in full 
length human serum albumin (SEQ ID NO:1094), and m is 
defined as any integer ranging from 2 to 603. Polynucle 
otides encoding these polypeptides are also encompassed by 
the invention. 

0099 Moreover, fragments of albumin fusion proteins of 
the invention, include the full length albumin fusion protein 
as well as polypeptides having one or more residues deleted 
from the amino terminus of the albumin fusion protein (e.g., 
an albumin fusion protein encoded by a polynucleotide or 
albumin fusion construct described in Table 2: oran albumin 
fusion protein having the amino acid sequence disclosed in 
column 6 of Table 2). In particular, N-terminal deletions may 
be described by the general formula m to q, where q is a 
whole integer representing the total number of amino acid 
residues in the albumin fusion protein, and m is defined as 
any integer ranging from 2 to q minus 6. Polynucleotides 
encoding these polypeptides are also encompassed by the 
invention. 

0100 Also as mentioned above, even if deletion of one or 
more amino acids from the N-terminus or C-terminus of a 
reference polypeptide (e.g., a Therapeutic protein; serum 
albumin protein; or albumin fusion protein of the invention) 
results in modification or loss of one or more biological 
functions of the protein, other functional activities (e.g., 
biological activities, ability to multimerize, ability to bind a 
ligand) and/or Therapeutic activities may still be retained. 
For example the ability of polypeptides with C-terminal 
deletions to induce and/or bind to antibodies which recog 
nize the complete or mature forms of the polypeptide 
generally will be retained when less than the majority of the 
residues of the complete or mature polypeptide are removed 
from the C-terminus. Whether a particular polypeptide lack 
ing the N-terminal and/or C-terminal residues of a reference 
polypeptide retains Therapeutic activity can readily be deter 
mined by routine methods described herein and/or otherwise 
known in the art. 

0101 The present invention further provides polypep 
tides having one or more residues deleted from the carboxy 
terminus of the amino acid sequence of a Therapeutic 
protein corresponding to a Therapeutic protein portion of an 
albumin fusion protein of the invention (e.g., a Therapeutic 
protein referred to in Table 1, or a Therapeutic protein 
portion of an albumin fusion protein encoded by a poly 
nucleotide or albumin fusion construct described in Table 2). 
In particular, C-terminal deletions may be described by the 
general formula 1 to n, where n is any whole integer ranging 
from 6 to q minus 1, and where q is a whole integer 
representing the total number of amino acid residues in a 
reference polypeptide (e.g., a Therapeutic protein referred to 
in Table 1, or a Therapeutic protein portion of an albumin 
fusion protein encoded by a polynucleotide or albumin 
fusion construct described in Table 2). Polynucleotides 
encoding these polypeptides are also encompassed by the 
invention. 

0102) In addition, the present invention provides 
polypeptides having one or more residues deleted from the 
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carboxy terminus of the amino acid sequence of an albumin 
protein corresponding to an albumin protein portion of an 
albumin fusion protein of the invention (e.g., serum albumin 
or an albumin protein portion of an albumin fusion protein 
encoded by a polynucleotide or albumin fusion construct 
described in Table 2). In particular, C-terminal deletions 
may be described by the general formula 1 to n, where n is 
any whole integer ranging from 6 to 584, where 584 is the 
whole integer representing the total number of amino acid 
residues in mature human serum albumin (SEQ ID 
NO:1038) minus 1. Polynucleotides encoding these 
polypeptides are also encompassed by the invention. In 
particular, C-terminal deletions may be described by the 
general formula 1 to n, where n is any whole integer ranging 
from 6 to 608, where 608 is the whole integer representing 
the total number of amino acid residues in serum albumin 
(SEQ ID NO:1094) minus 1. Polynucleotides encoding 
these polypeptides are also encompassed by the invention. 
0.103 Moreover, the present invention provides polypep 
tides having one or more residues deleted from the carboxy 
terminus of an albumin fusion protein of the invention. In 
particular, C-terminal deletions may be described by the 
general formula 1 to n, where n is any whole integer ranging 
from 6 to q minus 1, and where q is a whole integer 
representing the total number of amino acid residues in an 
albumin fusion protein of the invention. Polynucleotides 
encoding these polypeptides are also encompassed by the 
invention. 

0104. In addition, any of the above described N- or 
C-terminal deletions can be combined to produce a N- and 
C-terminal deleted reference polypeptide. The invention 
also provides polypeptides having one or more amino acids 
deleted from both the amino and the carboxyl termini, which 
may be described generally as having residues m to n of a 
reference polypeptide (e.g., a Therapeutic protein referred to 
in Table 1, or a Therapeutic protein portion of an albumin 
fusion protein of the invention, or a Therapeutic protein 
portion encoded by a polynucleotide or albumin fusion 
construct described in Table 2, or serum albumin (e.g., SEQ 
ID NO:1038), or an albumin protein portion of an albumin 
fusion protein of the invention, or an albumin protein portion 
encoded by a polynucleotide or albumin fusion construct 
described in Table 2, or an albumin fusion protein, or an 
albumin fusion protein encoded by a polynucleotide or 
albumin fusion construct of the invention) where n and mare 
integers as described above. Polynucleotides encoding these 
polypeptides are also encompassed by the invention. 
0105 The present application is also directed to proteins 
containing polypeptides at least 80%, 85%, 90%, 95%, 96%, 
97%, 98% or 99% identical to a reference polypeptide 
sequence (e.g., a Therapeutic protein referred to in Table 1, 
or a Therapeutic protein portion of an albumin fusion protein 
of the invention, or a Therapeutic protein portion encoded by 
a polynucleotide or albumin fusion construct described in 
Table 2, or serum albumin (e.g., SEQID NO: 1038), or an 
albumin protein portion of an albumin fusion protein of the 
invention, or an albumin protein portion encoded by a 
polynucleotide or albumin fusion construct described in 
Table 2, or an albumin fusion protein, or an albumin fusion 
protein encoded by a polynucleotide or albumin fusion 
construct of the invention) set forth herein, or fragments 
thereof. In preferred embodiments, the application is 
directed to proteins comprising polypeptides at least 80%, 
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85%, 90%, 95%, 96%, 97%, 98% or 99% identical to 
reference polypeptides having the amino acid sequence of 
N- and C-terminal deletions as described above. Polynucle 
otides encoding these polypeptides are also encompassed by 
the invention. 

0106 Preferred polypeptide fragments of the invention 
are fragments comprising, or alternatively, consisting of an 
amino acid sequence that displays a Therapeutic activity 
and/or functional activity (e.g. biological activity) of the 
polypeptide sequence of the Therapeutic protein or serum 
albumin protein of which the amino acid sequence is a 
fragment. 

0107. Other preferred polypeptide fragments are biologi 
cally active fragments. Biologically active fragments are 
those exhibiting activity similar, but not necessarily identi 
cal, to an activity of the polypeptide of the present invention. 
The biological activity of the fragments may include an 
improved desired activity, or a decreased undesirable activ 

Variants 

0108) “Variant” refers to a polynucleotide or nucleic acid 
differing from a reference nucleic acid or polypeptide, but 
retaining essential properties thereof. Generally, variants are 
overall closely similar, and, in many regions, identical to the 
reference nucleic acid or polypeptide. 

0109 As used herein, “variant, refers to a Therapeutic 
protein portion of an albumin fusion protein of the invention, 
albumin portion of an albumin fusion protein of the inven 
tion, or albumin fusion protein of the invention differing in 
sequence from a Therapeutic protein (e.g. see “therapeutic' 
column of Table 1), albumin protein, and/or albumin fusion 
protein, respectively, but retaining at least one functional 
and/or therapeutic property thereof as described elsewhere 
herein or otherwise known in the art. Generally, variants are 
overall very similar, and, in many regions, identical to the 
amino acid sequence of the Therapeutic protein correspond 
ing to a Therapeutic protein portion of an albumin fusion 
protein, albumin protein corresponding to an albumin pro 
tein portion of an albumin fusion protein, and/or albumin 
fusion protein. Nucleic acids encoding these variants are 
also encompassed by the invention. 

0110. The present invention is also directed to proteins 
which comprise, or alternatively consist of an amino acid 
sequence which is at least 80%, 85%, 90%, 95%, 96%, 97%, 
98%, 99% or 100%, identical to, for example, the amino acid 
sequence of a Therapeutic protein corresponding to a Thera 
peutic protein portion of an albumin fusion protein of the 
invention (e.g., the amino acid sequence of a Therapeutic 
protein:X disclosed in Table 1; or the amino acid sequence 
of a Therapeutic protein portion of an albumin fusion protein 
encoded by a polynucleotide or albumin fusion construct 
described in Table 1 and 2, or fragments or variants thereof), 
albumin proteins corresponding to an albumin protein por 
tion of an albumin fusion protein of the invention (e.g., the 
amino acid sequence of an albumin protein portion of an 
albumin fusion protein encoded by a polynucleotide or 
albumin fusion construct described in Table 1 and 2; the 
amino acid sequence shown in SEQ ID NO: 1038; or 
fragments or variants thereof), and/or albumin fusion pro 
teins. Fragments of these polypeptides are also provided 
(e.g., those fragments described herein). Further polypep 
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tides encompassed by the invention are polypeptides 
encoded by polynucleotides which hybridize to the comple 
ment of a nucleic acid molecule encoding an albumin fusion 
protein of the invention under stringent hybridization con 
ditions (e.g., hybridization to filter bound DNA in 6x 
Sodium chloride/Sodium citrate (SSC) at about 45 degrees 
Celsius, followed by one or more washes in 0.2xSSC, 0.1% 
SDS at about 50-65 degrees Celsius), under highly stringent 
conditions (e.g., hybridization to filter bound DNA in 6x 
sodium chloride/Sodium citrate (SSC) at about 45 degrees 
Celsius, followed by one or more washes in 0.1 xSSC, 0.2% 
SDS at about 68 degrees Celsius), or under other stringent 
hybridization conditions which are known to those of skill in 
the art (see, for example, Ausubel, F. M. et al., eds., 1989 
Current protocol in Molecular Biology, Green publishing 
associates, Inc., and John Wiley & Sons Inc., New York, at 
pages 6.3.1-6.3.6 and 2.10.3). Polynucleotides encoding 
these polypeptides are also encompassed by the invention. 
0111. By a polypeptide having an amino acid sequence at 
least, for example, 95% “identical to a query amino acid 
sequence, it is intended that the amino acid sequence of the 
Subject polypeptide is identical to the query sequence except 
that the Subject polypeptide sequence may include up to five 
amino acid alterations per each 100 amino acids of the query 
amino acid sequence. In other words, to obtain a polypeptide 
having an amino acid sequence at least 95% identical to a 
query amino acid sequence, up to 5% of the amino acid 
residues in the Subject sequence may be inserted, deleted, or 
substituted with another amino acid. These alterations of the 
reference sequence may occur at the amino- or carboxy 
terminal positions of the reference amino acid sequence or 
anywhere between those terminal positions, interspersed 
either individually among residues in the reference sequence 
or in one or more contiguous groups within the reference 
Sequence. 

0.112. As a practical matter, whether any particular 
polypeptide is at least 80%, 85%, 90%, 95%, 96%, 97%, 
98% or 99% identical to, for instance, the amino acid 
sequence of an albumin fusion protein of the invention or a 
fragment thereof (such as a Therapeutic protein portion of 
the albumin fusion protein or an albumin portion of the 
albumin fusion protein), can be determined conventionally 
using known computer programs. A preferred method for 
determining the best overall match between a query 
sequence (a sequence of the present invention) and a subject 
sequence, also referred to as a global sequence alignment, 
can be determined using the FASTDB computer program 
based on the algorithm of Brutlag et al. (Comp. App. 
Biosci.6:237-245 (1990)). In a sequence alignment the query 
and Subject sequences are either both nucleotide sequences 
or both amino acid sequences. The result of said global 
sequence alignment is expressed as percent identity. Pre 
ferred parameters used in a FASTDB amino acid alignment 
are: Matrix=PAM 0, k-tuple=2, Mismatch Penalty=1, Join 
ing Penalty=20, Randomization Group Length=0, Cutoff 
Score=1, Window Size=sequence length, Gap Penalty=5, 
Gap Size Penalty=0.05, Window Size=500 or the length of 
the Subject amino acid sequence, whichever is shorter. 
0113. If the subject sequence is shorter than the query 
sequence due to N- or C-terminal deletions, not because of 
internal deletions, a manual correction must be made to the 
results. This is because the FASTDB program does not 
account for N- and C-terminal truncations of the subject 
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sequence when calculating global percent identity. For Sub 
ject sequences truncated at the N- and C-termini, relative to 
the query sequence, the percent identity is corrected by 
calculating the number of residues of the query sequence 
that are N- and C-terminal of the subject sequence, which 
are not matched/aligned with a corresponding Subject resi 
due, as a percent of the total bases of the query sequence. 
Whether a residue is matched/aligned is determined by 
results of the FASTDB sequence alignment. This percentage 
is then subtracted from the percent identity, calculated by the 
above FASTDB program using the specified parameters, to 
arrive at a final percent identity score. This final percent 
identity score is what is used for the purposes of the present 
invention. Only residues to the N- and C-termini of the 
Subject sequence, which are not matched/aligned with the 
query sequence, are considered for the purposes of manually 
adjusting the percent identity Score. That is, only query 
residue positions outside the farthest N- and C-terminal 
residues of the Subject sequence. 
0114 For example, a 90 amino acid residue subject 
sequence is aligned with a 100 residue query sequence to 
determine percent identity. The deletion occurs at the N-ter 
minus of the subject sequence and therefore, the FASTDB 
alignment does not show a matching/alignment of the first 
10 residues at the N-terminus. The 10 unpaired residues 
represent 10% of the sequence (number of residues at the N 
and C-termini not matched/total number of residues in the 
query sequence) so 10% is subtracted from the percent 
identity score calculated by the FASTDB program. If the 
remaining 90 residues were perfectly matched the final 
percent identity would be 90%. In another example, a 90 
residue subject sequence is compared with a 100 residue 
query sequence. This time the deletions are internal dele 
tions so there are no residues at the N- or C-termini of the 
Subject sequence which are not matched/aligned with the 
query. In this case the percent identity calculated by 
FASTDB is not manually corrected. Once again, only resi 
due positions outside the N- and C-terminal ends of the 
Subject sequence, as displayed in the FASTDB alignment, 
which are not matched/aligned with the query sequence are 
manually corrected for. No other manual corrections are to 
made for the purposes of the present invention. 
0115 The variant will usually have at least 75% (prefer 
ably at least about 80%, 90%, 95% or 99%) sequence 
identity with a length of normal HA or Therapeutic protein 
which is the same length as the variant. Homology or 
identity at the nucleotide or amino acid sequence level is 
determined by BLAST (Basic Local Alignment Search Tool) 
analysis using the algorithm employed by the programs 
blastp, blastin, blastx, thlastn and thlastx (Karlin et al., Proc. 
Natl. Acad. Sci. USA87: 2264-2268 (1990) and Altschul, J. 
Mol. Evol. 36: 290-300 (1993), fully incorporated by ref 
erence) which are tailored for sequence similarity searching. 
0116. The approach used by the BLAST program is to 

first consider similar segments between a query sequence 
and a database sequence, then to evaluate the statistical 
significance of all matches that are identified and finally to 
Summarize only those matches which satisfy a preselected 
threshold of significance. For a discussion of basic issues in 
similarity searching of sequence databases, see Altschul et 
al., (Nature Genetics 6: 119-129 (1994)) which is fully 
incorporated by reference. The search parameters for histo 
gram, descriptions, alignments, expect (i.e., the statistical 
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significance threshold for reporting matches against data 
base sequences), cutoff, matrix and filter are at the default 
settings. The default scoring matrix used by blastp, blastX. 
thlastin, and thlastx is the BLOSUM62 matrix (Henikoff et 
al., Proc. Natl. Acad. Sci. USA 89: 10915-10919 (1992), 
fully incorporated by reference). For blastin, the scoring 
matrix is set by the ratios of M (i.e., the reward score for a 
pair of matching residues) to N (i.e., the penalty score for 
mismatching residues), wherein the default values for Mand 
N are 5 and -4, respectively. Four blastn parameters may be 
adjusted as follows: Q=10 (gap creation penalty); R=10 (gap 
extension penalty); wink=1 (generates word hits at every 
wink position along the query); and gapw=16 (sets the 
window width within which gapped alignments are gener 
ated). The equivalent Blastp parameter settings were Q=9; 
R=2; wink=1; and gapw=32. A Bestfit comparison between 
sequences, available in the GCG package version 10.0, uses 
DNA parameters GAP=50 (gap creation penalty) and 
LEN=3 (gap extension penalty) and the equivalent settings 
in protein comparisons are GAP=8 and LEN=2. 

0.117) The polynucleotide variants of the invention may 
contain alterations in the coding regions, non-coding 
regions, or both. Especially preferred are polynucleotide 
variants containing alterations which produce silent Substi 
tutions, additions, or deletions, but do not alter the properties 
or activities of the encoded polypeptide. Nucleotide variants 
produced by silent substitutions due to the degeneracy of the 
genetic code are preferred. Moreover, polypeptide variants 
in which less than 50, less than 40, less than 30, less than 20, 
less than 10, or 5-50, 5-25, 5-10, 1-5, or 1-2 amino acids are 
Substituted, deleted, or added in any combination are also 
preferred. Polynucleotide variants can be produced for a 
variety of reasons, e.g., to optimize codon expression for a 
particular host (change codons in the human mRNA to those 
preferred by a bacterial host, Such as, yeast or E. coli). 

0118. In a preferred embodiment, a polynucleotide of the 
invention which encodes the albumin portion of an albumin 
fusion protein is optimized for expression in yeast or mam 
malian cells. In a further preferred embodiment, a poly 
nucleotide of the invention which encodes the Therapeutic 
protein portion of an albumin fusion protein is optimized for 
expression in yeast or mammalian cells. In a still further 
preferred embodiment, a polynucleotide encoding an albu 
min fusion protein of the invention is optimized for expres 
sion in yeast or mammalian cells. 

0119). In an alternative embodiment, a codon optimized 
polynucleotide which encodes a Therapeutic protein portion 
of an albumin fusion protein does not hybridize to the wild 
type polynucleotide encoding the Therapeutic protein under 
stringent hybridization conditions as described herein. In a 
further embodiment, a codon optimized polynucleotide 
which encodes an albumin portion of an albumin fusion 
protein does not hybridize to the wild type polynucleotide 
encoding the albumin protein under stringent hybridization 
conditions as described herein. In another embodiment, a 
codon optimized polynucleotide which encodes an albumin 
fusion protein does not hybridize to the wild type polynucle 
otide encoding the Therapeutic protein portion or the albu 
min protein portion under stringent hybridization conditions 
as described herein. 

0.120. In an additional embodiment, a polynucleotide 
which encodes a Therapeutic protein portion of an albumin 



US 2007/0244047 A1 

fusion protein does not comprise, or alternatively consist of 
the naturally occurring sequence of that Therapeutic protein. 
In a further embodiment, a polynucleotide which encodes an 
albumin protein portion of an albumin fusion protein does 
not comprise, or alternatively consist of the naturally occur 
ring sequence of albumin protein. In an alternative embodi 
ment, a polynucleotide which encodes an albumin fusion 
protein does not comprise, or alternatively consist of the 
naturally occurring sequence of a Therapeutic protein por 
tion or the albumin protein portion. 
0121 Naturally occurring variants are called “allelic 
variants, and refer to one of several alternate forms of a 
gene occupying a given locus on a chromosome of an 
organism. (Genes II, Lewin, B., ed., John Wiley & Sons, 
New York (1985)). These allelic variants can vary at either 
the polynucleotide and/or polypeptide level and are included 
in the present invention. Alternatively, non-naturally occur 
ring variants may be produced by mutagenesis techniques or 
by direct synthesis. 
0122). Using known methods of protein engineering and 
recombinant DNA technology, variants may be generated to 
improve or alter the characteristics of the polypeptides of the 
present invention. For instance, one or more amino acids can 
be deleted from the N-terminus or C-terminus of the 
polypeptide of the present invention without substantial loss 
of biological function. As an example, Ron et al. (J. Biol. 
Chem. 268: 2984-2988 (1993)) reported variant KGF pro 
teins having heparin binding activity even after deleting 3. 
8, or 27 amino-terminal amino acid residues. Similarly, 
Interferon gamma exhibited up to ten times higher activity 
after deleting 8-10 amino acid residues from the carboxy 
terminus of this protein. (Dobeli et al., J. Biotechnology 
7:199-216 (1988).) 
0123. Moreover, ample evidence demonstrates that vari 
ants often retain a biological activity similar to that of the 
naturally occurring protein. For example, Gayle and 
coworkers (J. Biol. Chem. 268:22105-22111 (1993)) con 
ducted extensive mutational analysis of human cytokine 
IL-1a. They used random mutagenesis to generate over 
3,500 individual IL-1a mutants that averaged 2.5 amino acid 
changes per variant over the entire length of the molecule. 
Multiple mutations were examined at every possible amino 
acid position. The investigators found that “most of the 
molecule could be altered with little effect on either binding 
or biological activity.” In fact, only 23 unique amino acid 
sequences, out of more than 3,500 nucleotide sequences 
examined, produced a protein that significantly differed in 
activity from wild-type. 

0124 Furthermore, even if deleting one or more amino 
acids from the N-terminus or C-terminus of a polypeptide 
results in modification or loss of one or more biological 
functions, other biological activities may still be retained. 
For example, the ability of a deletion variant to induce 
and/or to bind antibodies which recognize the secreted form 
will likely be retained when less than the majority of the 
residues of the secreted form are removed from the N-ter 
minus or C-terminus. Whether a particular polypeptide 
lacking N- or C-terminal residues of a protein retains such 
immunogenic activities can readily be determined by routine 
methods described herein and otherwise known in the art. 

0125 Thus, the invention further includes polypeptide 
variants which have a functional activity (e.g., biological 
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activity and/or therapeutic activity). In one embodiment, the 
invention provides variants of albumin fusion proteins that 
have a functional activity (e.g., biological activity and/or 
therapeutic activity) that corresponds to one or more bio 
logical and/or therapeutic activities of the Therapeutic pro 
tein corresponding to the Therapeutic protein portion of the 
albumin fusion protein. In another embodiment, the inven 
tion provides variants of albumin fusion proteins that have 
a functional activity (e.g., biological activity and/or thera 
peutic activity) that corresponds to one or more biological 
and/or therapeutic activities of the Therapeutic protein cor 
responding to the Therapeutic protein portion of the albumin 
fusion protein. Such variants include deletions, insertions, 
inversions, repeats, and Substitutions selected according to 
general rules known in the art so as have little effect on 
activity. Polynucleotides encoding such variants are also 
encompassed by the invention. 
0.126 In preferred embodiments, the variants of the 
invention have conservative substitutions. By “conservative 
Substitutions is intended Swaps within groups such as 
replacement of the aliphatic or hydrophobic amino acids 
Ala, Val, Leu and Ile; replacement of the hydroxyl residues 
Ser and Thr; replacement of the acidic residues Asp and Glu; 
replacement of the amide residues ASn and Gin, replacement 
of the basic residues Lys, Arg, and His; replacement of the 
aromatic residues Phe, Tyr, and Trp, and replacement of the 
small-sized amino acids Ala, Ser, Thr, Met, and Gly. 
0.127 Guidance concerning how to make phenotypically 
silent amino acid Substitutions is provided, for example, in 
Bowie et al., “Deciphering the Message in Protein 
Sequences: Tolerance to Amino Acid Substitutions, Sci 
ence 247: 1306-1310 (1990), wherein the authors indicate 
that there are two main strategies for studying the tolerance 
of an amino acid sequence to change. 
0128. The first strategy exploits the tolerance of amino 
acid Substitutions by natural selection during the process of 
evolution. By comparing amino acid sequences in different 
species, conserved amino acids can be identified. These 
conserved amino acids are likely important for protein 
function. In contrast, the amino acid positions where Sub 
stitutions have been tolerated by natural selection indicates 
that these positions are not critical for protein function. 
Thus, positions tolerating amino acid substitution could be 
modified while still maintaining biological activity of the 
protein. 

0129. The second strategy uses genetic engineering to 
introduce amino acid changes at specific positions of a 
cloned gene to identify regions critical for protein function. 
For example, site directed mutagenesis or alanine-scanning 
mutagenesis (introduction of single alanine mutations at 
every residue in the molecule) can be used. See Cunningham 
and Wells, Science 244:1081-1085 (1989). The resulting 
mutant molecules can then be tested for biological activity. 
0.130. As the authors state, these two strategies have 
revealed that proteins are Surprisingly tolerant of amino acid 
substitutions. The authors further indicate which amino acid 
changes are likely to be permissive at certain amino acid 
positions in the protein. For example, most buried (within 
the tertiary structure of the protein) amino acid residues 
require nonpolar side chains, whereas few features of Sur 
face side chains are generally conserved. Moreover, toler 
ated conservative amino acid Substitutions involve replace 
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ment of the aliphatic or hydrophobic amino acids Ala, Val, 
Leu and Ile; replacement of the hydroxyl residues Ser and 
Thr; replacement of the acidic residues Asp and Glu; 
replacement of the amide residues ASn and Gln, replacement 
of the basic residues Lys, Arg, and His; replacement of the 
aromatic residues Phe, Tyr, and Trp, and replacement of the 
small-sized amino acids Ala, Ser, Thr, Met, and Gly. Besides 
conservative amino acid substitution, variants of the present 
invention include (i) polypeptides containing Substitutions 
of one or more of the non-conserved amino acid residues, 
where the Substituted amino acid residues may or may not be 
one encoded by the genetic code, or (ii) polypeptides con 
taining Substitutions of one or more of the amino acid 
residues having a Substituent group, or (iii) polypeptides 
which have been fused with or chemically conjugated to 
another compound, such as a compound to increase the 
stability and/or solubility of the polypeptide (for example, 
polyethylene glycol), (iv) polypeptide containing additional 
amino acids, such as, for example, an IgG Fc fusion region 
peptide. Such variant polypeptides are deemed to be within 
the scope of those skilled in the art from the teachings 
herein. 

0131 For example, polypeptide variants containing 
amino acid Substitutions of charged amino acids with other 
charged or neutral amino acids may produce proteins with 
improved characteristics, such as less aggregation. Aggre 
gation of pharmaceutical formulations both reduces activity 
and increases clearance due to the aggregate’s immunogenic 
activity. See Pinckard et al., Clin. Exp. Immunol. 2:331-340 
(1967); Robbins et al., Diabetes 36: 838-845 (1987); Cleland 
et al., Crit. Rev. Therapeutic Drug Carrier Systems 10:307 
377 (1993). 
0132) In specific embodiments, the polypeptides of the 
invention comprise, or alternatively, consist of fragments or 
variants of the amino acid sequence of an albumin fusion 
protein, the amino acid sequence of a Therapeutic protein 
and/or human serum albumin, wherein the fragments or 
variants have 1-5, 5-10.5-25, 5-50, 10-50 or 50-150, amino 
acid residue additions, Substitutions, and/or deletions when 
compared to the reference amino acid sequence. In preferred 
embodiments, the amino acid Substitutions are conservative. 
Nucleic acids encoding these polypeptides are also encom 
passed by the invention. 
0133. The polypeptide of the present invention can be 
composed of amino acids joined to each other by peptide 
bonds or modified peptide bonds, i.e., peptide isosteres, and 
may contain amino acids other than the 20 gene-encoded 
amino acids. The polypeptides may be modified by either 
natural processes, such as post-translational processing, or 
by chemical modification techniques which are well known 
in the art. Such modifications are well described in basic 
texts and in more detailed monographs, as well as in a 
Voluminous research literature. Modifications can occur 
anywhere in a polypeptide, including the peptide backbone, 
the amino acid side-chains and the amino or carboxyl 
termini. It will be appreciated that the same type of modi 
fication may be present in the same or varying degrees at 
several sites in a given polypeptide. Also, a given polypep 
tide may contain many types of modifications. Polypeptides 
may be branched, for example, as a result of ubiquitination, 
and they may be cyclic, with or without branching. Cyclic, 
branched, and branched cyclic polypeptides may result from 
posttranslation natural processes or may be made by Syn 
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thetic methods. Modifications include acetylation, acylation, 
ADP-ribosylation, amidation, covalent attachment of flavin, 
covalent attachment of a heme moiety, covalent attachment 
of a nucleotide or nucleotide derivative, covalent attachment 
of a lipid or lipid derivative, covalent attachment of phos 
photidylinositol, cross-linking, cyclization, disulfide bond 
formation, demethylation, formation of covalent cross-links, 
formation of cysteine, formation of pyroglutamate, formy 
lation, gamma-carboxylation, glycosylation, GPI anchor for 
mation, hydroxylation, iodination, methylation, myristyla 
tion, oxidation, pegylation, proteolytic processing, 
phosphorylation, prenylation, racemization, selenoylation, 
sulfation, transfer-RNA mediated addition of amino acids to 
proteins such as arginylation, and ubiquitination. (See, for 
instance, PROTEINS STRUCTURE AND MOLECU 
LAR PROPERTIES, 2nd Ed., T. E. Creighton, W. H. Free 
man and Company, New York (1993); POST TRANSLA 
TIONAL COVALENT MODIFICATION OF PROTEINS, 
B. C. Johnson, Ed., Academic Press, New York, pgs. 1-12 
(1983); Seifter et al., Meth. Enzymol. 182:626-646 (1990); 
Rattan et al., Ann. N.Y. Acad. Sci. 663:48-62 (1992)). 
Functional Activity 
0.134) “A polypeptide having functional activity” refers to 
a polypeptide capable of displaying one or more known 
functional activities associated with the full-length, pro 
protein, and/or mature form of a Therapeutic protein. Such 
functional activities include, but are not limited to, biologi 
cal activity, antigenicity ability to bind (or compete with a 
polypeptide for binding) to an anti-polypeptide antibody. 
immunogenicity (ability to generate antibody which binds to 
a specific polypeptide of the invention), ability to form 
multimers with polypeptides of the invention, and ability to 
bind to a receptor or ligand for a polypeptide. 
0.135 “A polypeptide having biological activity” refers to 
a polypeptide exhibiting activity similar to, but not neces 
sarily identical to, an activity of a Therapeutic protein of the 
present invention, including mature forms, as measured in a 
particular biological assay, with or without dose depen 
dency. In the case where dose dependency does exist, it need 
not be identical to that of the polypeptide, but rather sub 
stantially similar to the dose-dependence in a given activity 
as compared to the polypeptide of the present invention (i.e., 
the candidate polypeptide will exhibit greater activity or not 
more than about 25-fold less and, preferably, not more than 
about tenfold less activity, and most preferably, not more 
than about three-fold less activity relative to the polypeptide 
of the present invention). 
0.136. In preferred embodiments, an albumin fusion pro 
tein of the invention has at least one biological and/or 
therapeutic activity associated with the Therapeutic protein 
portion (or fragment or variant thereof) when it is not fused 
to albumin. 

0.137 The albumin fusion proteins of the invention can be 
assayed for functional activity (e.g., biological activity) 
using or routinely modifying assays known in the art, as well 
as assays described herein. Additionally, one of skill in the 
art may routinely assay fragments of a Therapeutic protein 
corresponding to a Therapeutic protein portion of an albu 
min fusion protein, for activity using assays referenced in its 
corresponding row of Table 1 (e.g., in column 3 of Table 1). 
Further, one of skill in the art may routinely assay fragments 
of an albumin protein corresponding to an albumin protein 
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portion of an albumin fusion protein, for activity using 
assays known in the art and/or as described in the Examples 
section below. 

0138 For example, in one embodiment where one is 
assaying for the ability of an albumin fusion protein to bind 
or compete with a Therapeutic protein for binding to an 
anti-Therapeutic polypeptide antibody and/or anti-albumin 
antibody, various immunoassays known in the art can be 
used, including but not limited to, competitive and non 
competitive assay systems using techniques such as radio 
immunoassays, ELISA (enzyme linked immunosorbent 
assay), “sandwich’ immunoassays, immunoradiometric 
assays, gel diffusion precipitation reactions, immunodiffu 
sion assays, in situ immunoassays (using colloidal gold, 
enzyme or radioisotope labels, for example), western blots, 
precipitation reactions, agglutination assays (e.g., gel agglu 
tination assays, hemagglutination assays), complement fixa 
tion assays, immunofluorescence assays, protein A assays, 
and immunoelectrophoresis assays, etc. In one embodiment, 
antibody binding is detected by detecting a label on the 
primary antibody. In another embodiment, the primary anti 
body is detected by detecting binding of a secondary anti 
body or reagent to the primary antibody. In a further 
embodiment, the secondary antibody is labeled. Many 
means are known in the art for detecting binding in an 
immunoassay and are within the scope of the present inven 
tion. 

0139. In a preferred embodiment, where a binding part 
ner (e.g., a receptor or a ligand) of a Therapeutic protein is 
identified, binding to that binding partner by an albumin 
fusion protein which comprises that Therapeutic protein as 
the Therapeutic protein portion of the fusion can be assayed, 
e.g., by means well-known in the art, such as, for example, 
reducing and non-reducing gel chromatography, protein 
affinity chromatography, and affinity blotting. See generally, 
Phizicky et al., Microbiol. Rev. 59:94-123 (1995). In another 
embodiment, the ability of physiological correlates of an 
albumin fusion protein to bind to a substrate(s) of the 
Therapeutic polypeptide corresponding to the Therapeutic 
protein portion of the fusion can be routinely assayed using 
techniques known in the art. 

0140. In an alternative embodiment, where the ability of 
an albumin fusion protein to multimerize is being evaluated, 
association with other components of the multimer can be 
assayed, e.g., by means well-known in the art, such as, for 
example, reducing and non-reducing gel chromatography, 
protein affinity chromatography, and affinity blotting. See 
generally, Phizicky et al., Supra. 

0141. In preferred embodiments, an albumin fusion pro 
tein comprising all or a portion of an antibody that binds a 
Therapeutic protein, has at least one biological and/or thera 
peutic activity (e.g., to specifically bind a polypeptide or 
epitope) associated with the antibody that binds a Thera 
peutic protein (or fragment or variant thereof) when it is not 
fused to albumin. In other preferred embodiments, the 
biological activity and/or therapeutic activity of an albumin 
fusion protein comprising all or a portion of an antibody that 
binds a Therapeutic protein is the inhibition (i.e., antago 
nism) or activation (i.e., agonism) of one or more of the 
biological activities and/or therapeutic activities associated 
with the polypeptide that is specifically bound by antibody 
that binds a Therapeutic protein. 
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0.142 Albumin fusion proteins comprising at least a 
fragment or variant of an antibody that binds a Therapeutic 
protein may be characterized in a variety of ways. In 
particular, albumin fusion proteins comprising at least a 
fragment or variant of an antibody that binds a Therapeutic 
protein may be assayed for the ability to specifically bind to 
the same antigens specifically bound by the antibody that 
binds a Therapeutic protein corresponding to the Therapeu 
tic protein portion of the albumin fusion protein using 
techniques described herein or routinely modifying tech 
niques known in the art. 

0.143 Assays for the ability of the albumin fusion pro 
teins (e.g., comprising at least a fragment or variant of an 
antibody that binds a Therapeutic protein) to (specifically) 
bind a specific protein or epitope may be performed in 
Solution (e.g., Houghten, Bio/Techniques 13:412 
421 (1992)), on beads (e.g., Lam, Nature 354:82-84 (1991)), 
on chips (e.g., Fodor, Nature 364:555-556 (1993)), on 
bacteria (e.g., U.S. Pat. No. 5,223.409), on spores (e.g., U.S. 
Pat. Nos. 5,571,698; 5.403.484; and 5.223.409), on plasmids 
(e.g., Cullet al., Proc. Natl. Acad. Sci. USA 89:1865-1869 
(1992)) or on phage (e.g., Scott and Smith, Science 249:386 
390 (1990); Devlin, Science 249:404–406 (1990); Cwirla et 
al. Proc. Natl. Acad. Sci. USA 87:6378-6382 (1990); and 
Felici, J. Mol. Biol. 222:301-310 (1991)) (each of these 
references is incorporated herein in its entirety by reference). 
Albumin fusion proteins comprising at least a fragment or 
variant of a Therapeutic antibody may also be assayed for 
their specificity and affinity for a specific protein or epitope 
using or routinely modifying techniques described herein or 
otherwise known in the art. 

0144. The albumin fusion proteins comprising at least a 
fragment or variant of an antibody that binds a Therapeutic 
protein may be assayed for cross-reactivity with other anti 
gens (e.g., molecules that have sequence/structure conser 
vation with the molecule(s) specifically bound by the anti 
body that binds a Therapeutic protein (or fragment or variant 
thereof) corresponding to the Therapeutic protein portion of 
the albumin fusion protein of the invention) by any method 
known in the art. 

0145 Immunoassays which can be used to analyze 
(immunospecific) binding and cross-reactivity include, but 
are not limited to, competitive and non-competitive assay 
systems using techniques such as western blots, radioimmu 
noassays, ELISA (enzyme linked immunosorbent assay), 
'sandwich’ immunoassays, immunoprecipitation assays, 
precipitin reactions, gel diffusion precipitin reactions, 
immunodiffusion assays, agglutination assays, complement 
fixation assays, immunoradiometric assays, fluorescent 
immunoassays, and protein A immunoassays, to name but a 
few. Such assays are routine and well known in the art (see, 
e.g., Ausubel et al., eds, 1994, Current Protocols in Molecu 
lar Biology, Vol. 1, John Wiley & Sons, Inc., New York, 
which is incorporated by reference herein in its entirety). 
Exemplary immunoassays are described briefly below (but 
are not intended by way of limitation). 
0146 Immunoprecipitation protocols generally comprise 
lysing a population of cells in a lysis buffer such as RIPA 
buffer (1% NP-40 or Triton X-100, 1% sodium deoxycho 
late, 0.1% SDS, 0.15 M NaCl, 0.01 M sodium phosphate at 
pH 7.2, 1% Trasylol) supplemented with protein phos 
phatase and/or protease inhibitors (e.g., EDTA, PMSF, apro 
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tinin, Sodium Vanadate), adding the albumin fusion protein 
of the invention (e.g., comprising at least a fragment or 
variant of an antibody that binds a Therapeutic protein) to 
the cell lysate, incubating for a period of time (e.g., 1 to 4 
hours) at 40 degrees C., adding Sepharose beads coupled to 
an anti-albumin antibody, for example, to the cell lysate, 
incubating for about an hour or more at 40 degrees C. 
washing the beads in lysis buffer and resuspending the beads 
in SDS/sample buffer. The ability of the albumin fusion 
protein to immunoprecipitate a particular antigen can be 
assessed by, e.g., western blot analysis. One of skill in the art 
would be knowledgeable as to the parameters that can be 
modified to increase the binding of the albumin fusion 
protein to an antigen and decrease the background (e.g., 
pre-clearing the cell lysate with sepharose beads). For fur 
ther discussion regarding immunoprecipitation protocols 
see, e.g., Ausubel et al, eds, 1994, Current Protocols in 
Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New 
York at 10.16.1. 

0147 Western blot analysis generally comprises prepar 
ing protein samples, electrophoresis of the protein Samples 
in a polyacrylamide gel (e.g., 8%-20% SDS-PAGE depend 
ing on the molecular weight of the antigen), transferring the 
protein sample from the polyacrylamide gel to a membrane 
such as nitrocellulose, PVDF or nylon, blocking the mem 
brane in blocking solution (e.g., PBS with 3% BSA or 
non-fat milk), washing the membrane in washing buffer 
(e.g., PBS-Tween 20), applying the albumin fusion protein 
of the invention (diluted in blocking buffer) to the mem 
brane, washing the membrane in washing buffer, applying a 
secondary antibody (which recognizes the albumin fusion 
protein, e.g., an anti-human serum albumin antibody) con 
jugated to an enzymatic Substrate (e.g., horseradish peroxi 
dase or alkaline phosphatase) or radioactive molecule (e.g., 
P or 'I) diluted in blocking buffer, washing the mem 

brane in wash buffer, and detecting the presence of the 
antigen. One of skill in the art would be knowledgeable as 
to the parameters that can be modified to increase the signal 
detected and to reduce the background noise. For further 
discussion regarding western blot protocols see, e.g., 
Ausubel et al, eds, 1994, Current Protocols in Molecular 
Biology, Vol. 1, John Wiley & Sons, Inc., New York at 
10.8.1. 

0148 ELISAs comprise preparing antigen, coating the 
well of a 96-well microtiter plate with the antigen, washing 
away antigen that did not bind the wells, adding the albumin 
fusion protein (e.g., comprising at least a fragment or variant 
of an antibody that binds a Therapeutic protein) of the 
invention conjugated to a detectable compound Such as an 
enzymatic Substrate (e.g., horseradish peroxidase or alkaline 
phosphatase) to the wells and incubating for a period of 
time, washing away unbound or non-specifically bound 
albumin fusion proteins, and detecting the presence of the 
albumin fusion proteins specifically bound to the antigen 
coating the well. In ELISAs the albumin fusion protein does 
not have to be conjugated to a detectable compound; instead, 
a second antibody (which recognizes albumin fusion pro 
tein) conjugated to a detectable compound may be added to 
the well. Further, instead of coating the well with the 
antigen, the albumin fusion protein may be coated to the 
well. In this case, the detectable molecule could be the 
antigen conjugated to a detectable compound Such as an 
enzymatic Substrate (e.g., horseradish peroxidase or alkaline 
phosphatase). One of skill in the art would be knowledge 
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able as to the parameters that can be modified to increase the 
signal detected as well as other variations of ELISAs known 
in the art. For further discussion regarding ELISAS see, e.g., 
Ausubel et al, eds, 1994, Current Protocols in Molecular 
Biology, Vol. 1, John Wiley & Sons, Inc., New York at 
11.2.1. 

0.149 The binding affinity of an albumin fusion protein to 
a protein, antigen, or epitope and the off-rate of an albumin 
fusion protein-protein/antigen/epitope interaction can be 
determined by competitive binding assays. One example of 
a competitive binding assay is a radioimmunoassay com 
prising the incubation of labeled antigen (e.g., H or 'I) 
with the albumin fusion protein of the invention in the 
presence of increasing amounts of unlabeled antigen, and 
the detection of the antibody bound to the labeled antigen. 
The affinity of the albumin fusion protein for a specific 
protein, antigen, or epitope and the binding off-rates can be 
determined from the data by Scatchard plot analysis. Com 
petition with a second protein that binds the same protein, 
antigen or epitope as the albumin fusion protein, can also be 
determined using radioimmunoassays. In this case, the pro 
tein, antigen or epitope is incubated with an albumin fusion 
protein conjugated to a labeled compound (e.g., H or 'I) 
in the presence of increasing amounts of an unlabeled 
second protein that binds the same protein, antigen, or 
epitope as the albumin fusion protein of the invention. 
0150. In a preferred embodiment, BIAcore kinetic analy 
sis is used to determine the binding on and off rates of 
albumin fusion proteins of the invention to a protein, antigen 
or epitope. BIAcore kinetic analysis comprises analyzing the 
binding and dissociation of albumin fusion proteins, or 
specific polypeptides, antigens or epitopes from chips with 
immobilized specific polypeptides, antigens or epitopes or 
albumin fusion proteins, respectively, on their surface. 
0151. Antibodies that bind a Therapeutic protein corre 
sponding to the Therapeutic protein portion of an albumin 
fusion protein may also be described or specified in terms of 
their binding affinity for a given protein or antigen, prefer 
ably the antigen which they specifically bind. Preferred 
binding affinities include those with a dissociation constant 
or Kd less than 5x102 M, 10-2 M, 5x10 M, 10 M, 
5x10 M, 10 M. More preferred binding affinities include 
those with a dissociation constant or Kd less than 5x10 M. 
10: M, 5x10M, 10 M, 5x107M, 107M, 5x108 Mor 
10 M. Even more preferred binding affinities include those 
with a dissociation constant or Kd less than 5x10M, 10 
M.5x100 M, 100 M, 5x10' M, 10 M, 5x10'? M, 
10" M, 5x10-3 M, 10 M, 5x10 M, 10 M, 5x10's 
M, or 10' M. In preferred embodiments, albumin fusion 
proteins comprising at least a fragment or variant of an 
antibody that binds a Therapeutic protein, has an affinity for 
a given protein or epitope similar to that of the correspond 
ing antibody (not fused to albumin) that binds a Therapeutic 
protein, taking into account the Valency of the albumin 
fusion protein (comprising at least a fragment or variant of 
an antibody that binds a Therapeutic protein) and the 
Valency of the corresponding antibody. In addition, assays 
described herein (see Examples and Table 1) and otherwise 
known in the art may routinely be applied to measure the 
ability of albumin fusion proteins and fragments, variants 
and derivatives thereof to elicit biological activity and/or 
Therapeutic activity (either in vitro or in vivo) related to 
either the Therapeutic protein portion and/or albumin por 
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tion of the albumin fusion protein. Other methods will be 
known to the skilled artisan and are within the scope of the 
invention. 

Albumin 

0152. As described above, an albumin fusion protein of 
the invention comprises at least a fragment or variant of a 
Therapeutic protein and at least a fragment or variant of 
human serum albumin. which are associated with one 
another, preferably by genetic fusion. 

0153. An additional embodiment comprises at least a 
fragment or variant of a Therapeutic protein and at least a 
fragment or variant of human serum albumin, which are 
linked to one another by chemical conjugation. The terms, 
human serum albumin (HSA) and human albumin (HA) are 
used interchangeably herein. The terms, “albumin and 
"serum albumin' are broader, and encompass human serum 
albumin (and fragments and variants thereof) as well as 
albumin from other species (and fragments and variants 
thereof). 
0154 As used herein, “albumin” refers collectively to 
albumin protein or amino acid sequence, or an albumin 
fragment or variant, having one or more functional activities 
(e.g., biological activities) of albumin. In particular, “albu 
min” refers to human albumin or fragments thereof (see for 
example, EP201 239, EP322 094 WO 97/24445, WO95/ 
23857) especially the mature form of human albumin as 
shown in FIG. 1 and SEQID NO: 1038, or albumin from 
other vertebrates or fragments thereof, or analogs or variants 
of these molecules or fragments thereof. 
0155 In preferred embodiments, the human serum albu 
min protein used in the albumin fusion proteins of the 
invention contains one or both of the following sets of point 
mutations with reference to SEQ ID NO: 1038: Leu-407 to 
Ala, Leu-408 to Val, Val-409 to Ala, and Arg-410 to Ala; or 
Arg-410 to A. LyS-413 to Gln, and Lys-414 to Gln (see, e.g., 
International Publication No. WO95/23857, hereby incor 
porated in its entirety by reference herein). In even more 
preferred embodiments, albumin fusion proteins of the 
invention that contain one or both of above-described sets of 
point mutations have improved stability/resistance to yeast 
Yap3p proteolytic cleavage, allowing increased production 
of recombinant albumin fusion proteins expressed in yeast 
host cells. 

0156. As used herein, a portion of albumin sufficient to 
prolong the therapeutic activity or shelf-life of the Thera 
peutic protein refers to a portion of albumin sufficient in 
length or structure to stabilize or prolong the therapeutic 
activity of the protein so that the shelf life of the Therapeutic 
protein portion of the albumin fusion protein is prolonged or 
extended compared to the shelf-life in the non-fusion state. 
The albumin portion of the albumin fusion proteins may 
comprise the full length of the HA sequence as described 
above, or may include one or more fragments thereof that 
are capable of stabilizing or prolonging the therapeutic 
activity. Such fragments may be of 10 or more amino acids 
in length or may include about 15, 20, 25, 30, 50, or more 
contiguous amino acids from the HA sequence or may 
include part or all of specific domains of HA. For instance, 
one or more fragments of HA spanning the first two immu 
noglobulin-like domains may be used. In a preferred 
embodiment, the HA fragment is the mature form of HA. 
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0157 The albumin portion of the albumin fusion proteins 
of the invention may be a variant of normal HA. The 
Therapeutic protein portion of the albumin fusion proteins of 
the invention may also be variants of the Therapeutic 
proteins as described herein. The term “variants' includes 
insertions, deletions and Substitutions, either conservative or 
non conservative, where Such changes do not substantially 
alter one or more of the oncotic, useful ligand-binding and 
non-immunogenic properties of albumin, or the active site, 
or active domain which confers the therapeutic activities of 
the Therapeutic proteins. 
0158. In particular, the albumin fusion proteins of the 
invention may include naturally occurring polymorphic 
variants of human albumin and fragments of human albu 
min, for example those fragments disclosed in EP 322 094 
(namely HA (Pn), where n is 369 to 419). The albumin may 
be derived from any vertebrate, especially any mammal, for 
example human, cow, sheep, or pig. Non-mammalian albu 
mins include, but are not limited to, hen and salmon. The 
albumin portion of the albumin fusion protein may be from 
a different animal than the Therapeutic protein portion. 
0159 Generally speaking, an HA fragment or variant will 
be at least 100 amino acids long, preferably at least 150 
amino acids long. The HA variant may consist of or alter 
natively comprise at least one whole domain of HA, for 
example domains 1 (amino acids 1-194 of SEQ ID NO: 
1038), domain 2 (amino acids 195-387 of SEQ ID NO: 
1038), domain 3 (amino acids 388-585 of SEQ ID NO: 
1038), domains 1 and 2 (1-387 of SEQ ID NO: 1038), 
domains 2 and 3 (195-585 of SEQID NO: 1038) or domains 
1 and 3 (amino acids I-194 of SEQID NO: 1038 and amino 
acids 388-585 of SEQID NO: 1038). Each domain is itself 
made up of two homologous Subdomains namely 1-105. 
120-194, 195-291, 316-387, 388-491 and 512-585, with 
flexible inter-subdomain linker regions comprising residues 
Lys106 to Glu119, Glu292 to Val315 and Glu492 to Alas11: 
0.160 Preferably, the albumin portion of an albumin 
fusion protein of the invention comprises at least one 
subdomain or domain of HA or conservative modifications 
thereof. If the fusion is based on subdomains, some or all of 
the adjacent linker is preferably used to link to the Thera 
peutic protein moiety. 
Antibodies that Specifically Bind Therapeutic Proteins are 
Also Therapeutic Proteins 
0.161 The present invention also encompasses albumin 
fusion proteins that comprise at least a fragment or variant 
of an antibody that specifically binds a Therapeutic protein 
disclosed in Table 1. It is specifically contemplated that the 
term “Therapeutic protein’ encompasses antibodies that 
binda Therapeutic protein (e.g., as Described in column 1 of 
Table 1) and fragments and variants thereof. Thus an albu 
min fusion protein of the invention may contain at least a 
fragment or variant of a Therapeutic protein, and/or at least 
a fragment or variant of an antibody that binds a Therapeutic 
protein. 
Antibody Structure and Background 
0162 The basic antibody structural unit is known to 
comprise a tetramer. Each tetramer is composed of two 
identical pairs of polypeptide chains, each pair having one 
“light” (about 25 kDa) and one “heavy” chain (about 50-70 
kDa). The amino-terminal portion of each chain includes a 
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variable region f about 100 to 110 or more amino acids 
primarily responsible for antigen recognition. The carboxy 
terminal portion of each chain defines a constant region 
primarily responsible for effector function. Human light 
chains are classified as kappa and lambda light chains. 
Heavy chains are classified as mu, delta, gamma, alpha, or 
epsilon, and define the antibody's isotype as IgM, Ig|D, IgG, 
IgA, and IgE, respectively. See generally, Fundamental 
Immunology Chapters 3-5 (Paul, W., ed., 4th ed. Raven 
Press, N.Y. (1998)) (incorporated by reference in its entirety 
for all purposes). The variable regions of each light/heavy 
chain pair form the antibody binding site. 
0163 Thus, an intact IgG antibody has two binding sites. 
Except in bifunctional or bispecific antibodies, the two 
binding sites are the same. 
0164. The chains all exhibit the same general structure of 
relatively conserved framework regions (FR) joined by three 
hyperVariable regions, also called complementarity deter 
mining regions or CDRS. The CDR regions, in general, are 
the portions of the antibody which make contact with the 
antigen and determine its specificity. The CDRs from the 
heavy and the light chains of each pair are aligned by the 
framework regions, enabling binding to a specific epitope. 
From N-terminal to C-terminal, both light and heavy chains 
variable regions comprise the domains FR1, CDR1, FR2, 
CDR2, FR3, CDR3 and FR4. The variable regions are 
connected to the heavy or light chain constant region. The 
assignment of amino acids to each domain is in accordance 
with the definitions of Kabat Sequences of Proteins of 
Immunological Interest (National Institutes of Health, 
Bethesda, Md. (1987 and 1991)), or Chothia & Lesk J Mol. 
Biol. 196:901-917 (1987); Chothia et al. Nature 342:878 
883 (1989). 
0165. As used herein, “antibody' refers to immunoglo 
bulin molecules and immunologically active portions of 
immunoglobulin molecules, i.e., molecules that contain an 
antigen binding site that specifically binds an antigen (e.g., 
a molecule containing one or more CDR regions of an 
antibody). Antibodies that may correspond to a Therapeutic 
protein portion of an albumin fusion protein include, but are 
not limited to, monoclonal, multispecific, human, human 
ized or chimeric antibodies, single chain antibodies (e.g., 
single chain FVs), Fab fragments, F(ab') fragments, frag 
ments produced by a Fab expression library, anti-idiotypic 
(anti-Id) antibodies (including, e.g., anti-Id antibodies spe 
cific to antibodies of the invention), and epitope-binding 
fragments of any of the above (e.g., VH domains, VL 
domains, or one or more CDR regions). 
0166 Antibodies that Bind Therapeutic Proteins 
0167 The present invention encompasses albumin fusion 
proteins that comprise at least a fragment or variant of an 
antibody that binds a Therapeutic Protein (e.g., as disclosed 
in Table 1) or fragment or variant thereof. 
0168 Antibodies that bind a Therapeutic protein (or 
fragment or variant thereof) may be from any animal origin, 
including birds and mammals. Preferably, the antibodies are 
human, murine (e.g., mouse and rat), donkey, sheep, rabbit, 
goat, guinea pig, camel, horse, or chicken antibodies. Most 
preferably, the antibodies are human antibodies. As used 
herein, “human' antibodies include antibodies having the 
amino acid sequence of a human immunoglobulin and 
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include antibodies isolated from human immunoglobulin 
libraries and Xenomice or other organisms that have been 
genetically engineered to produce human antibodies. 
0169. The antibody molecules that bind to a Therapeutic 
protein and that may correspond to a Therapeutic protein 
portion of an albumin fusion protein of the invention can be 
of any type (e.g., IgG, IgE, IgM, Ig|D, IgA and IgY), class 
(e.g., IgG1, IgG2, IgG3, IgG4, IgA1 and IgA2) or Subclass 
of immunoglobulin molecule. In preferred embodiments, the 
antibody molecules that bind to a Therapeutic protein and 
that may correspond to a Therapeutic protein portion of an 
albumin fusion protein are IgG1. In other preferred embodi 
ments, the immunoglobulin molecules that bind to a Thera 
peutic protein and that may correspond to a Therapeutic 
protein portion of an albumin fusion protein are IgG2. In 
other preferred embodiments, the immunoglobulin mol 
ecules that bind to a Therapeutic protein and that may 
correspond to a Therapeutic protein portion of an albumin 
fusion protein are IgG4. 
0170 Most preferably the antibodies that bind to a Thera 
peutic protein and that may correspond to a Therapeutic 
protein portion of an albumin fusion protein are human 
antigen-binding antibody fragments of the present invention 
and include, but are not limited to, Fab, Fab' and F(ab')2, Fd, 
single-chain Fvs (scEv), single-chain antibodies, disulfide 
linked Fvs (sdFv) and fragments comprising either a VL or 
VH domain. Antigen-binding antibody fragments, including 
single-chain antibodies, may comprise the variable region(s) 
alone or in combination with the entirety or a portion of the 
following: hinge region, CH1, CH2, and CH3 domains. 
0171 The antibodies that bind to a Therapeutic protein 
and that may correspond to a Therapeutic protein portion of 
an albumin fusion protein may be monospecific, bispecific, 
trispecific or of greater multispecificity. Multispecific anti 
bodies may be specific for different epitopes of a Therapeu 
tic protein or may be specific for both a Therapeutic protein 
as well as for a heterologous epitope, Such as a heterologous 
polypeptide or solid Support material. See, e.g., PCT pub 
lications WO 93/17715; WO92/08802; WO 91/00360; WO 
92/05793: Tutt, et al., J. Immunol. 147:60-69 (1991): U.S. 
Pat. Nos. 4,474,893; 4,714,681; 4,925,648; 5,573,920; 
5,601,819; Kostelny et al., J. Immunol. 148: 1547-1553 
(1992). 
0172 Antibodies that bind a Therapeutic protein (or 
fragment or variant thereof) may be bispecific or bifunc 
tional which means that the antibody is an artificial hybrid 
antibody having two different heavy/light chain pairs and 
two different binding sites. Bispecific antibodies can be 
produced by a variety of methods including fusion of 
hybridomas or linking of Fab' fragments. See, e.g., Song 
Sivilai & Lachmann Clin. Exp. Immunol. 79: 315-321 
(1990), Kostelny et al. J Immunol. 148:1547 1553 (1992). In 
addition, bispecific antibodies may be formed as "diabodies' 
(Holliger et al. “Diabodies: small bivalent and bispecific 
antibody fragments' PNAS USA 90:6444-6448 (1993)) or 
“Janusins” (Traunecker et al. “Bispecific single chain mol 
ecules (Janusins) target cytotoxic lymphocytes on HIV 
infected cells' EMBO J 10:3655-3659 (1991) and Traun 
ecker et al. 'Janusin: new molecular design for bispecific 
reagents' Int J Cancer Suppl 7:51-52 (1992)). 
0173 The present invention also provides albumin fusion 
proteins that comprise, fragments or variants (including 
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derivatives) of an antibody described herein or known 
elsewhere in the art. Standard techniques known to those of 
skill in the art can be used to introduce mutations in the 
nucleotide sequence encoding a molecule of the invention, 
including, for example, site-directed mutagenesis and PCR 
mediated mutagenesis which result in amino acid substitu 
tions. Preferably, the variants (including derivatives) encode 
less than 50 amino acid substitutions, less than 40 amino 
acid substitutions, less than 30 amino acid substitutions, less 
than 25 amino acid Substitutions, less than 20 amino acid 
Substitutions, less than 15 amino acid Substitutions, less than 
10 amino acid Substitutions, less than 5 amino acid Substi 
tutions, less than 4 amino acid substitutions, less than 3 
amino acid Substitutions, or less than 2 amino acid Substi 
tutions relative to the reference VH domain, VHCDR1, 
VHCDR2, VHCDR3, VL domain, VLCDR1, VLCDR2, or 
VLCDR3. In specific embodiments, the variants encode 
substitutions of VHCDR3. In a preferred embodiment, the 
variants have conservative amino acid Substitutions at one or 
more predicted non-essential amino acid residues. 

0174 Antibodies that bind to a Therapeutic protein and 
that may correspond to a Therapeutic protein portion of an 
albumin fusion protein may be described or specified in 
terms of the epitope(s) or portion(s) of a Therapeutic protein 
which they recognize or specifically bind. Antibodies which 
specifically bind a Therapeutic protein or a specific epitope 
of a Therapeutic protein may also be excluded. Therefore, 
the present invention encompasses antibodies that specifi 
cally bind Therapeutic proteins, and allows for the exclusion 
of the same. In preferred embodiments, albumin fusion 
proteins comprising at least a fragment or variant of an 
antibody that binds a Therapeutic protein, binds the same 
epitopes as the unfused fragment or variant of that antibody 
itself. 

0175 Antibodies that bind to a Therapeutic protein and 
that may correspond to a Therapeutic protein portion of an 
albumin fusion protein may also be described or specified in 
terms of their cross-reactivity. Antibodies that do not bind 
any other analog, ortholog, or homolog of a Therapeutic 
protein are included. Antibodies that bind polypeptides with 
at least 95%, at least 90%, at least 85%, at least 80%, at least 
75%, at least 70%, at least 65%, at least 60%, at least 55%, 
and at least 50% sequence identity (as calculated using 
methods known in the art and described herein) to a Thera 
peutic protein are also included in the present invention. In 
specific embodiments, antibodies that bind to a Therapeutic 
protein and that may correspond to a Therapeutic protein 
portion of an albumin fusion protein cross-react with 
murine, rat and/or rabbit homologs of human proteins and 
the corresponding epitopes thereof. Antibodies that do not 
bind polypeptides with less than 95%, less than 90%, less 
than 85%, less than 80%, less than 75%, less than 70%, less 
than 65%, less than 60%, less than 55%, and less than 50% 
sequence identity (as calculated using methods known in the 
art and described herein) to a Therapeutic protein are also 
included in the present invention. In a specific embodiment, 
the above-described cross-reactivity is with respect to any 
single specific antigenic or immunogenic polypeptide, or 
combination(s) of 2, 3, 4, 5, or more of the specific antigenic 
and/or immunogenic polypeptides disclosed herein. In pre 
ferred embodiments, albumin fusion proteins comprising at 
least a fragment or variant of an antibody that binds a 
Therapeutic protein, has similar or substantially identical 
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cross reactivity characteristics compared to the fragment or 
variant of that particular antibody itself. 
0176 Further included in the present invention are anti 
bodies which bind polypeptides encoded by polynucleotides 
which hybridize to a polynucleotide encoding a Therapeutic 
protein under Stringent hybridization conditions (as 
described herein). Antibodies that bind to a Therapeutic 
protein and that may correspond to a Therapeutic protein 
portion of an albumin fusion protein of the invention may 
also be described or specified in terms of their binding 
affinity to a polypeptide of the invention. Preferred binding 
affinities include those with a dissociation constant or Kd 
less than 5x102 M, 102 M, 5x10M, 10- M., 5x10 M, 
10 M. More preferred binding affinities include those with 
a dissociation constant or Kd less than 5x10-S M, 10-s M, 
5x10 M, 10M, 5x107M, 107M, 5x10* M or 10 M. 
Even more preferred binding affinities include those with a 
dissociation constant or Kd less than 5x10 M, 10 M, 
5x10" M, 100M, 5x10' M, 10 M, 5x10'? M, "92 M, 
5x10-is M, 10 M, 5x10-i M, 10 M, 5x10's M, or 
10 M. In preferred embodiments, albumin fusion proteins 
comprising at least a fragment or variant of an antibody that 
binds a Therapeutic protein, has an affinity for a given 
protein or epitope similar to that of the corresponding 
antibody (not fused to albumin) that binds a Therapeutic 
protein, taking into account the Valency of the albumin 
fusion protein (comprising at least a fragment or variant of 
an antibody that binds a Therapeutic protein) and the 
valency of the corresponding antibody. 

0177. The invention also provides antibodies that com 
petitively inhibit binding of an antibody to an epitope of a 
Therapeutic protein as determined by any method known in 
the art for determining competitive binding, for example, the 
immunoassays described herein. In preferred embodiments, 
the antibody competitively inhibits binding to the epitope by 
at least 95%, at least 90%, at least 85%, at least 80%, at least 
75%, at least 70%, at least 60%, or at least 50%. In preferred 
embodiments, albumin fusion proteins comprising at least a 
fragment or variant of an antibody that binds a Therapeutic 
protein, competitively inhibits binding of a second antibody 
to an epitope of a Therapeutic protein. In other preferred 
embodiments, albumin fusion proteins comprising at least a 
fragment or variant of an antibody that binds a Therapeutic 
protein, competitively inhibits binding of a second antibody 
to an epitope of a Therapeutic protein by at least 95%, at 
least 90%, at least 85%, at least 80%, at least 75%, at least 
70%, at least 60%, or at least 50%. 
0.178 Antibodies that bind to a Therapeutic protein and 
that may correspond to a Therapeutic protein portion of an 
albumin fusion protein of the invention may act as agonists 
or antagonists of the Therapeutic protein. For example, the 
present invention includes antibodies which disrupt the 
receptor/ligand interactions with the polypeptides of the 
invention either partially or fully. The invention features 
both receptor-specific antibodies and ligand-specific anti 
bodies. The invention also features receptor-specific anti 
bodies which do not prevent ligand binding but prevent 
receptor activation. Receptor activation (i.e., signaling) may 
be determined by techniques described herein or otherwise 
known in the art. For example, receptor activation can be 
determined by detecting the phosphorylation (e.g., tyrosine 
or serine/threonine) of the receptor or its substrate by 
immunoprecipitation followed by western blot analysis (for 










































































































































































































































































































































