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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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ALBUMIN FUSION PROTEINS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of Inter 
national Application No. PCT/U S2005/ 004041, ?led Feb. 9, 
2005, Which claims bene?t under 35 U.S.C. §119(e) of US. 
Provisional Application Nos. 60/ 542,274, ?led Feb. 9, 2004, 
60/549,901, ?led Mar. 5, 2004, 60/556,906, ?led Mar. 29, 
2004. and 60/636,603, ?led Dec. 17, 2004, each ofWhich is 
hereby incorporated by reference in their entirety. 

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 discs (CD-R), labeled “Copy 
1,”“Copy 2,” and “Copy 3.” These compact discs each 
contain the ?le “PF612P1 Sequence Listing.txt” (908 kilo 
bytes, created on Jun. 23, 2006), Which is incorporated by 
reference in its entirety. 

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:1)), is responsible for a signi?cant proportion 
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 EP 330 451 and EP 361 991. 

[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 
administration dictates that many of the molecules must be 
lyophiliZed and refrigerated at all times during storage, 
thereby rendering the molecules dif?cult 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. 

[0007] Upon in vivo administration, therapeutic proteins 
in their native state or When recombinantly produced, such 
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as interferons and groWth hormones, exhibit a short plasma 
stability due to rapid clearance from the bloodstream. 
Accordingly, the therapeutic effects provided by these pro 
teins are also short-lived. Thus, in order to sustain their 
desired therapeutic effect in vivo, the rapid clearance of 
these proteins from the blood dictates that the therapeutic 
molecules must be administered more frequently or at a 

higher dose. HoWever, increasing the dosing schedule for 
administration of the therapeutic protein often results in an 
increase in injection site reactions, side-effects, and toxicity 
in the patient. Similarly, administration of the therapeutic 
protein at a higher dose also commonly results in an increase 
in toxicity and side-effects in the patient. 

[0008] The feW practical solutions to increasing plasma 
stability of therapeutic molecules that have been proposed, 
including chemical conjugation, have provided limited ben 
e?t to the patient. Generally, in most cases, these chemically 
modi?ed therapeutic molecules are still administered on a 
frequent dosing schedule, retaining signi?cant injection site 
reactions, side-effects, and toxicity in patients. Accordingly, 
there is a need for an stabiliZed form of therapeutic mol 
ecules that retains a higher plasma stability in vivo than the 
native or recombinantly produced therapeutic alone and can 
be administered less frequently, thereby decreasing potential 
side-effects to the patient. 

SUMMARY OF THE INVENTION 

[0009] 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 suf?cient to 
prolong the shelf life of the Therapeutic protein, to increase 
the plasma stability of the Therapeutic protein compared to 
its unfused state, and/or stabiliZe the Therapeutic protein 
and/or its activity in solution (or in a pharmaceutical com 
position) 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 invention, and methods of 
making the albumin fusion proteins of the invention and 
using these polynucleotides of the invention, and/or host 
cells. 

[0010] In a preferred aspect of the invention, albumin 
fusion proteins include, but are not limited to, those 
described in Table 2 and the polynucleotides encoding such 
proteins. 

[0011] 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 
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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. 

[0012] 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 
“Therapeutic Protein: X” column of Table 1 (in the same 
roW as the disease or disorder to be treated as listed in the 
“Preferred Indication: Y” column of Table 1) in an amount 
effective to treat, prevent or ameliorate the disease or 
disorder. 

[0013] In one embodiment, an albumin fusion protein 
described in Table 1 or 2 has extended shelf life. 

[0014] 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. 

[0015] The present invention further includes transgenic 
organisms modi?ed to contain the nucleic acid molecules of 
the invention (including, but not limited to, the polynucle 
otides described in Tables 1 and 2), preferably modi?ed to 
express an albumin fusion protein of the invention. 

BRIEF DESCRIPTION OF THE FIGURES 

[0016] FIG. 1A-D shoWs the amino acid sequence of the 
mature form of human albumin (SEQ ID NO:1) and a 
polynucleotide encoding it (SEQ ID NO:2). Nucleotides 1 to 
1755 of SEQ ID NO:2 encode the mature form of human 
albumin (SEQ ID NO:1). 

[0017] FIG. 2 shoWs the restriction map of the pPPC0005 
cloning vector contained in ATCC Deposit No. PTA-3278. 

[0018] FIG. 3 shoWs the restriction map of the pSAC35 
yeast S. cerevisiae expression vector (Sleep et al., BioTech 
nology 8:42 (1990)). 

[0019] FIG. 4 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 76). 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 
supemantants Were removed from reporter cells and assayed 
for SEAP activity. IFNb albumin fusion protein Was puri?ed 
from three stable clones: 293F/#2011, CHO/ #2011 and 
NSO/#2053. Mammalian derived IFNb, Avonex, came from 
Biogen and Was reported to have a speci?c activity of 2.0e5 
IU/ug. 
[0020] FIG. 5 compares the anti-proliferative activity of 
IFN albumin fusion protein encoded by CID 3165 (CID 
3165 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 
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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. (I)=CID 
3165 protein, (§)=rIFNa. 

[0021] FIG. 6 shoWs the effect of various dilutions of IFNa 
albumin fusion proteins on SEAP activity in the ISRE 
SEAP/293E 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 (O) and 
(I). 
[0022] FIG. 7 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 78). Per time 
point: ?rst bar=Vehicle control, 2Dd bar=30 ug/kg CID 2249 
protein day 1 iv, third bar=30 ug/kg CID 2249 protein day 
1 sc, 4Lh bar=300 ug/kg CID 2249 protein day 1 sc, 5th 
bar=40 ug/kg recombinant IFNa day 1, 3 and 5 sc. 

[0023] FIG. 8 shoWs the dose-response relationship of 
BNP albumin fusion proteins encoded by DNA comprised in 
constructs CID 3691 and 3618 (CID 3691 and 3618 protein) 
on activating cGMP formation in NPR-A/293F reporter cells 
(see Examples 80 and 81). Both recombinant BNP (I), as 
Well as, tWo different preparations of BNP fused upstream of 
albumin (III) and (C) were tested. 

[0024] FIG. 9 shoWs the effect of BNP albumin fusion 
protein on mean arterial pressure in spontaneously hyper 
tensive rats (see Example 80). Vehicle (III), recombinant 
BNP protein (O), or BNP albumin fusion protein (0) Were 
delivered via tail vein injection. Systolic and diastolic blood 
pressures Were recorded by cuff-tail method 

[0025] FIG. 10 shoWs the plasma cGMP levels in eleven 
to 12-Week-old male C57/BL6 mice after intravenous injec 
tion of recombinant BNP protein (C) or BNP albumin fusion 
protein (0 (see Example 80). cGMP levels Were determined 
from plasma prepared from tail bleeds collected at several 
time points after intravenous injection. 

[0026] FIG. 11 shoWs the blood glucose levels in fasted 
~8-Week old diabetic db/db mice 24 hours after single 
administration of tandem GLP-1(7-36A8G)2x-HSA fusion 
(0), monomer GLP-1(7-36A8G)-HSA fusion (A), or HSA 
alone (O). Blood glucose levels Were measured by an oral 
glucose tolerance test. Tandem GLP-1(7-36A8G)2x-HSA 
fusion (0) had an unexpected more potent glucose-normal 
iZing activity than the monomer GLP-1(7-36A8G)-HSA 
fusion (A) 24 hours after a single administration in fasted ~8 
Week old diabetic db/db mice. 

DETAILED DESCRIPTION 

[0027] De?nitions 

[0028] The folloWing de?nitions are provided to facilitate 
understanding of certain terms used throughout this speci 
?cation. 

[0029] 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 
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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 SEQ ID NOzX; 
a nucleic acid molecule having a nucleotide sequence encod 
ing a fusion protein comprising, or alternatively consisting 
of, the amino acid sequence of SEQ ID NOzZ; 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). 
[0030] 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 
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. 

[0031] 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 
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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). 

[0032] 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 
disul?de bonds; proper folding; addition and processing of 
carbohydrates (such as for example, Ni and O-linked 
glycosylation); speci?c 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”. 

[0033] 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 “ATCC®”). 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® is located at 10801 University Boule 
vard, Manassas, Va. 20110-2209, USA. The ATCC® 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. 

[0034] In one embodiment, the invention provides a poly 
nucleotide encoding an albumin fusion protein comprising, 
or alternatively consisting of, a Therapeutic protein and a 
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 
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portion of serum albumin. The invention further encom 
passes polynucleotides encoding these albumin fusion pro 
teins. 

[0035] 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. 

[0036] 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. 

[0037] Therapeutic Proteins 

[0038] 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. 

[0039] 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 
protein and at least a fragment or variant of human serum 
albumin, Which are linked With one another by chemical 
conjugation. 

[0040] 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 speci?cally 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. 

[0041] By a polypeptide displaying a “therapeutic activ 
ity” or a protein that is “therapeutically active” is meant a 
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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 speci?cally 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 speci?cally. 

[0042] 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, 
GLP-l, GLP-2, PACAP-27, PACAP-28, VIP, CD4M33, 
secretin, glicentin, oxyntomodulin, PHM, IFNot, IFNB, 
ANP, BNP, NGF, BDNF, GDNF, and somatostatin. 

[0043] 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 albumin fusion 
protein can be used to treat, prevent, or ameliorate viral 
infections (e.g., hepatitis (e.g., HCV); or HIV), multiple 
sclerosis or cancer. 

[0044] 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 
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: 

[0045] CDLPQTHSLGSRRTLMLLAQMRXIISLFSCL 
KDRHDFGFPQEEFGNQFQKAETIPVL 
HEMIQQIFNLFTTKD SSAAWDEDLLDKFC 
TELYQQLNDLEACVMQEERVGETPLMNXZDSI 
LAVKKYFRRITLYLTEKKYSPCAWEVVRA 

EIMRSLSLSTNLQERLRRKE (SEQ ID NO:99), Wherein 
the X1 is R or K and the X2 is A or V (see, for example, 
Construct ID #2875). In an additional embodiment, the A/D 
hybrid is fused at the common PvuIII 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: 

[0046] CDLPQTHSLGSRRTLMLLAQMRXIISLFSCL 
KDRHDFGFPQEEFGNQFQKAETIPVL 
HEMIQQIFNLFSTKD SSAAWDETLLDKFYTEL 
YQQLNDLEACVMQEERVGETPLMNXZDSILAVKK 
YFRRITLYLTEKKYSPCAWEVVRAE IMRSLSLST 

NLQERLRRKE (SEQ ID NO:100), Wherein 
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the X1 is R or K and the second X2 is A or V (see, for 
example, Construct ID #2872). These hybrids are further 
described in US. Pat. No. 4,414,510, Which is hereby 
incorporated by reference in its entirety. 

[0047] In an additional embodiment, the alpha-alpha 
hybrid portion of the interferon hybrid albumin fusion 
protein consists, or alternatively comprises, of interferon 
alpha A fused to interferon alpha F. In a further embodiment, 
the A/F hybrid is fused at the common PvuIII restriction site, 
Wherein the N-terrninal portion of the A/F hybrid corre 
sponds to amino acids 1-91 of interferon alpha A and the 
C-terrninal portion corresponds to amino acids 93-166 of 
interferon alpha F. For example, this A/F hybrid Would 
comprise the amino acid sequence: 

[0048] CDLPQTHSLGSRRTLMLLAQMRXISLFS 
CLKDRHDFGFPQEEFGNQFQKAETIPVL 
HEMIQQIFNLFSTKDS SAAWDETLLDKFYTE 
LYQQLNDMEACVIQEVGVEETPLMNVDSILAVKKY 
FQRITLYLTEKKYSPCAWEVVRAEI MRSFSL 
SKIFQERLRRKE (SEQ ID NO: 101), Wherein X is either R 
or K (see, for example, Construct ID #2874). These hybrids 
are further described in US. Pat. No. 4,414,510, Which is 
hereby incorporated by reference in its entirety. In a further 
embodiment, the alpha-alpha hybrid portion of the inter 
feron hybrid albumin fusion protein consists, or alternatively 
comprises, of interferon alpha A fused to interferon alpha B. 
In an additional embodiment, the A/B hybrid is fused at the 
common PvuIII 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-terrninal portion corresponds 
to amino acids 93-166 of interferon alpha B. For example, 
this A/B hybrid Would comprise an amino acid sequence: 

[0049] CDLPQTHSLGSRRTLMLLAQMRXlISLFS 
CLKDRHDFGFPQEEFGNQFQKAETIPVL 
HEMIQQIFNLFSTKD 
SSAAWDETLLDKFYTELYQQLNDLEX2X3X4X5QEV 
GVIESPLMYEDSILAVRKYFQRIT 
LYLTEKKYSSCAWEVVRA EIMRSFSLSINLQKRLK 
SKE (SEQ ID NO:102), Wherein the X1 is R or K and X2 
through X5 is SCVM or VLCD (see, for example, Construct 
ID #2873). These hybrids are further described in US. Pat. 
No. 4,414,510, Which is hereby incorporated by reference in 
its entirety. 

[0050] 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-terrninal portion 
corresponds to amino acids 1-73 of interferon beta-1 and the 
C-terrninal 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: 

[0051] MSYNLLGFLQRSSNFQCQKLLWQLNGR 
LEYCLKDRMNFDIPEE 

IKQLQQFQKEDAALTIYEMLQNIFAIFR QDSSAAWD 
EDLLDKFCTELYQQLNDLEACVMQEERVGETPLM 
NXDSILAVKKYFRRITLYLTEKKYSPCAWEVVR 
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AEIMRSLSLSTNLQERLRRKE (SEQ ID NO:103), 
Wherein X is A or V. These hybrids are further described in 
US. Pat. No. 4,758,428, Which is hereby incorporated by 
reference in its entirety. 

[0052] 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-terrninal 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: 

[0053] MCDLPETHSLDNRRTLMLLAQM 
SRISPSSCLMDRHDFGFPQEEFDGN 
QFQKAPAISVLHELIQQIFNLFTTK DSSSTGWNE 
TIVENLLANVYHQINHLKTVLEEKLEKEDFTRGKL 
MSSLHLKRYYGRILHYLKAKEYSHCAWTIVRV EIL 
RNFYFINRLTGYLRN (SEQ ID NO:104). These hybrids 
are further described in US. Pat. No. 4,758,428, Which is 
hereby incorporated by reference in its entirety. 

[0054] 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 modi?ed to include mutations, substitutions, 
deletions, or additions to the amino acid sequence of the 
interferon hybrid. Such modi?cations 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. 

[0055] The above-described interferon hybrid albumin 
fusion proteins are encompassed by the invention, as are 
host cells and vectors containing polynucleotides encoding 
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. 

[0056] 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, inhibition of HIV-1 infection of cells, 
stimulation of intestinal epithelial cell proliferation, reduc 
ing intestinal epithelial cell permeability, stimulating insulin 
secretion, induction of bronchodilation and vasodilation, 
inhibition of aldosterone and renin secretion, blood pressure 
regulation, promoting neuronal groWth, enhancing an 
immune response, enhancing in?ammation, suppression of 
appetite, or any one or more of the biological activities 






































































































































































































































































































































