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Albumin Fusion Proteins

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part application of U.S. Application No. 11/495,624,
which claims benefit under 35 U.S.C. § 119(e) of U.S. Provisional Application Nos. 60/707,521,
filed August 12, 2005; 60/712,386, filed August 31, 2005; 60/732,724, filed November 3, 2005;
60/776,914, filed February 28, 2006; 60/781,361, filed March 13, 2006; 60/810,182, filed June 2,
2006; and 60/813,682, filed June 15, 2006. U.S. Application No. 11/495,624 is also a
continuation-in-part of International Application No. PCT/US2005/004041, filed February 9,
2005, which claims benefit under 119(e) of U.S. Provisiona‘l Application Nos. 60/542,274, filed
February 9, 2004, 60/549,901, filed March 5, 2004, 60/556,906, filed March 29, 2004, and
60/636,603, filed December 17, 2004. U.S. Application No. 11/495,624 is also a continuation-in-
part of U.S. Application No. 11/175,690, filed July 7, 2005, which is a continuation of
International Application No. PCT/2004/001369, filed January 20, 2004, which claims benefit
under 35 U.S.C. § 119(e) of U.S. Provisional Application Nos. 60/441,305, filed January 22,
2003; 60/453,201, filed March 11, 2003; 60/467,222, filed May 2, 2003; 60/472,816, filed May
23, 2003; 60/476,267, filed June 6, 2003; 60/505,172, filed September 24, 2003; and 60/506,746,
filed September 30, 2003. U.S. Application No. 11/495,624 is also a continuation-in-part of U.S.
Application No. 11/429,276, filed May 8, 2006, which is a continuation of U.S. Application No.
10/775,204, filed February 11-, 2004, which is a continuation of International Application No.
PCT/U 82002/40891, filed December 23, 2002, which claims benefit under 35 U.S.C. § 119(e)
U.S. Provisional Application Nos. 60/341,811, filed December 21, 2001; 60/350,358, filed
January 24, 2002; 60/351,360, filed January 28, 2002; 60/359,370, filed February 26, 2002;
60/360,000, filed February 28, 2002; 60/367,500, filed March 27, 2002; 60/370,227, filed April
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 June 5, 2002; 60/394,625, filed July 10, 2002; 60/398,008, filed July
24, 2002; 60/402,131, filed August 9, 2002; 60/402,708, filed August 13, 2002; 60/411,426, filed
September 18, 2002; 60/411,355, filed September 18, 2002; 60/414,984, filed October 2, 2002;
60/417,611, filed October 11, 2002; 60/420,246, filed October 23, 2002; and 60/423,623, filed
November 5, 2002. All of the above listed applications are incorporated by reference herein in
their entireties.

REFERENCE TO SEQUENCE LISTING ON COMPACT DISC

[0002] This application refers to a “Sequence Listing,” which was provided with U.S.

Application No. 11/495,624 as an electronic document on three identical compact discs (CD-R),
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labeled “Copy 1,” “Copy 2,” and “CRF.” These compact discs each contain the file “PF617

Sequence Listing.txt” (1,193,482 bytes, created on July 28, 2006), which is incorporated by
reference in its entirety.
BACKGROUND OF THE INVENTION

[0003] The invention relates generally to Therapeutic proteins (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, compositions,
pharmaceutical compositions, formulations and kits. Host cells transformed with the
polynucleotides encoding therapeutic albumin fusion proteins are also encompassed by the
invention, as are methods of making the albumin fusion proteins of the invention using these
polynucleotides, and/or host cells.

[0004] Human serum albumin (HSA, or HA), a protein of 585 amino acids in its mature form (as
shown in Figure 1 (SEQ ID NO:1)), is responsible for a significant 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 microorganisms 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 solutions. 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 difficult to transport
and/or store. Storage problems are particularly acute when pharmaceutical formulations must be
stored and dispensed outside 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 dispensed, preferably with a simple formulation requiring
minimal post-storage manipulation.

[0007] Upon in vivo administration, therapeutic proteins in their native state or when
recombinantly produced, such as interferons and growth hormones, exhibit a short plasma
stability due to rapid clearance from the bloodstream. Accordingly, the therapeutic effects
provided by these proteins 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
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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 benefit to the patient.
Generally, in most cases, these chemically modified therapeutic molecules are still administered

on a frequent dosing schedule, retaining significant injection site reactions, side-effects, and
toxicity in patients. Accordingly, there is a need for an stabilized form of therapeutic molecules
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 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
polynucleotides 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 polynucleotides, comprising, or alternatively consisting of, nucleic acid molecules
encoding proteins comprising 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, that is
sufficient 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 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 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
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fusion protein of the invention and a pharmaceutically acceptable diluent or carrier. 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, preventing, ameliorating or diagnosing a disease or disease
symptom in a patient, preferably a mammal, most preferably a human, comprising the step of
administering the pharmaceutical formulation to the patient.

[0012] In other embodiments, the present invention encompasses methods of preventing, treating,
or ameliorating a disease or disorder. In preferred embodiments, the present invention
encompasses a method of treating a disease 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 Therapeutic 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 corresponding unfused Therapeutic molecule described in Table 1.

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

BRIEF DESCRIPTION OF THE FIGURES

[0016] Figure 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] Figure 2 shows the restriction map of the pPPC0005 cloning vector ATCC deposit PTA-
3278.

[0018] Figure 3 shows the restriction map of the pSAC3S5 yeast S. cerevisiae expression vector
(Sleep et al., BioTechnology 8:42 (1990)).
[0019] Figure 4 compares the anti-proliferative activity of IFN albumin fusion protein encoded

by CID 3165 (CID 3165 protein) and recombinant IFNa (rlFNa) on Hs294T melanoma cells. The
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cells were cultured with varying concentrations of either CID 3165 protein or rIFNa and
proliferation 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. (l) = CID 3165 protein, () = rIFNa.

[0020] Figure S 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 () was tested, as well as two different preparations of IFNa fused downstream of
albumin (@) and (W).

[0021] Figure 6 shows the effect of time and dose of [FNa 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 76). 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 [FNa day 1, 3 and 5 sc.

[0022] Figure 7 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 78 and 79). Both BNP peptide
(M), as well as, two different preparations of BNP fused upstream of albumin ([(J) and (@) were
tested.

[0023] Figure 8 shows the effect of BNP albumin fusion protein on mean arterial pressure in
spontaneously hypertensive rats (see Example 78). Vehicle (), BNP peptide (@), or BNP
albumin fusion protein (O) were delivered via tail vein injection. Systolic and diastolic blood
pressures were recorded by cuff-tail method.

[0024] Figure 9 shows the plasma cGMP levels in eleven- to 12-week-old male C57/BL6 mice
after intravenous injection of recombinant BNP peptide (@) or BNP albumin fusion protein (O
(see Example 78). ¢cGMP levels were determined from plasma prepared from tail bleeds
collected at several time points after intravenous injection.

[0025] Figure 10 shows the dose-response relationship of BNP peptide and BNP albumin fusion
proteins encoded by DNA comprised in constructs CID 3796 and 3959 on activating cGMP
formation in NPR-A/293F reporter cells (see Example 80). Both BNP peptide (H), as well as,
two different preparations comprising BNP fused downstream of albumin, (O) and (<) were
tested.

[0026] Figure 11A shows the dose-response relationship of BNP and ANP peptides with or

without treatment of neprilysin for 24 hours on activating cGMP formation in NPR-A/293F
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reporter cells (see Example 81).

[0027] Figure 11B shows the dose-reponse relationship of ANP peptide on activating cGMP
formation in NPR-A/293F reporter cells following treatment of neprilysin or control MES buffer
for 20 minutes, 1 hour, or 24 hours (see Example 81).

[0028] Figure 11C shows the dose-reponse relationship of ANP albumin fusion protein
comprising ANP fused upstream of albumin and encoded by DNA comprised in construct
CID3484 on activating cGMP formation in NPR-A/293F reporter cells following treatment of
neprilysin or control MES buffer for 20 minutes, 1 hour, or 24 hours (see Example 81).

[0029] Figure 11D shows the percentage of intact natriuretic peptides following treatment with
neprilysin for the specified time. Both ANP and BNP peptides, as well as, two albumin fusion
proteins comprising BNP fused upstream of albumin via tripartite glycines (CID 3809) and ANP
fused upstream to albumin (CID 3484) were tested (see Example 81).

[0030] Figure 12 shows the reduction in HCV RNA titer, as measured by median HCV RNA
change (log)o [U/ml), in patients infected with chronic hepatitis C genotype 1 and who have
previously failed to respond to at least one treatment regimen of pegylated interferon alpha in
combination with ribavirin (PEG-RBV) (nonresponders) following treatment with HSA-IFNa2b
in combination with ribavirin for 0 to 24 weeks.

[0031] Figures 13A and B show the effect of HSA-BNP (Construct ID #3959) on plasma and
urine cGMP levels, respectively following administration of an 5 mg/kg IV bolus in normal
healthy pigs (n = 4-6/group). Asterisks indicate significant differences in cGMP levels from
vehicle (p<0.05).

[0032] Figure 14A shows the effect of administration of an intravenous bolus of 2 mg/kg or 6
mg/kg HSA-BNP (Construct ID #3959) on end-diastolic diameter change in a porcine
experimental heart failure model (n = 10/group). Heart failure was induced in the pig by
ventricular pacing. End diastolic diameter was measure by echocardiography. Significant
changes (p<0.05) from vehicle or baseline are indicated (& and #, respectively).

[0033] Figure 14B shows the effect of administration of an intravenous bolus of 2 mg/kg or 6
mg/kg HSA-BNP (Construct ID #3959) on fractional shortening in a porcine experimental heart
failure model (n = 10/group). Heart failure was induced in the pig by ventricular pacing.
Significant changes (p<0.05) from vehicle or baseline are indicated (& and #, respectively).
[0034] Figures 15A-H show the hemodynamic effects of HSA-BNP (Construct ID #3959)
administered via a single intravenous bolus at 0.5 mg/kg or 5 mg/kg in a normal dog model.

Cardiac output (CO), mean arterial pressure (MAP), pulmonary capillary wedge pressure
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(PCWP) and pulmonary arterial pressure (PAP) were measured at baseline prior to intravenous
bolus of 0.5 mg/kg or S mg/kg HSA-BNP (Construct ID #3959) and at 30, 60, 90, 150, 210, and
270 post-infusion in anesthesized normal mongrels (n = 8/group). Asterisks indicate statistically
significant changes from baseline (p<0.05).

[0035] Figures 16A-H show the renal effects of HSA-BNP (Construct ID #3959) administered
via a single intravenous bolus at 0.5 mg/kg or 5 mg/kg in a normal dog model. Urine flow
(rate/30 minute collection), sodium excretion, renal blood flow, and glomerular filtration rate
(GFR) were measured at baseline prior to intravenous bolus of 0.5 mg/kg or 5 mg/kg HSA-BNP
(Construct ID #3959) and at 30, 60, 90, 150, 210, and 270 post-infusion in anesthesized normal
mongrels (n = 8/group). Asterisks indicate statistically significant changes from baseline
(p<0.05).

[0036] Figures 17A-F show the hormonal effects of HSA-BNP (Construct ID #3959)
administered via a single intravenous bolus at 0.5 mg/kg or 5 mg/kg in a normal dog model.
Plasma aldosterone, renin, and angiotensin II levels were measured at baseline prior to
intravenous bolus of 0.5 mg/kg or S mg/kg HSA-BNP (Construct ID #3959) and at 30, 60, 90,
150, 210, and 270 post-infusion in anesthesized normal mongrels (n = 8/group). Asterisks
indicate statistically significant changes from baseline (p<0.05).

[0037] Figures 18A-C show the effect of a single intravenous bolus of 5 mg/kg HSA-BNP
(Construct ID #3959) on systolic and mean arterial blood pressure in normal, healthy, awake
beagles surgically implanted with a Data Sciences International radiotelemetry transmitter, which
had systemic arterial blood pressure, heart rate and ECG data collection capabilities. Change
from baseline of systolic blood pressure (Figure 18A), difference in mean systolic blood pressure
(Figure 18B), and change from baseline in mean arterial pressures (Figure 18C) over 48 hours of
continuous data recording following infusion are presented. Asterisks indicate a statistically
significant difference in baseline-adjusted mean values for S mg/kg HSA-BNP (Construct ID
#3959) compared to vehicle (p<0.05).

[0038] Figures 19A and B show a comparison of the effect of an intravenous bolus of 0.02 mg/kg
unfused BNP peptide and a subcutaneous injection of 10 mg/kg HSA-BNP (Construct ID #3959)
on systemic blood pressure in normal, healthy, awake beagles surgically implanted with a Data
Sciences International radiotelemetry transmitter, which had systemic arterial blood pressure,
heart rate and ECG data collection capabilities. Change from baseline of systolic blood pressure
over 48 hours of continuous data recording following administration of BNP (Figure 19A) and

HSA-BNP (Construct ID #3959) are presented. Asterisks indicate a statistically significant
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difference in baseline-adjusted mean values for 5 mg/kg HSA-BNP (Construct ID #3959)

compared to vehicle (p<0.05).

[0039] Figure 20 shows the nucleic acid sequence and amino acid sequence of a BChE-albumin
fusion. The fusion is discussed in Example 90.

[0040] Figure 21. Catalytic power of wild-type BChE (WT) and cocaine hydrolases derived from
this enzyme. Values are expressed as kcat (molecules of natural, (-)-cocaine hydrolyzed per min
per molecule of enzyme). Amino acid substitutions in the BChE mutants are: A328W/Y332A
(CocE, Sun et al., 2002); F227A/S287G /A328W/Y332A (AME359, Pancook et al 2003);
A328W/Y332G/S287G/A199S (CocH, Pan et al, 2004).

[0041] Figure 22. Purification and titration of Albu-CocH. A) Coomassie-Blue stained SDS
electrophoresis gel of final product (M = markers, R = sample under reducing conditions, NR =
sample under non-reducing conditions). B) Assessment of purify by size-exclusion
chromatography (SEC-HPLC) and N-terminal sequencing. C) Active site titration. Residual
BChE activity was reduced in linear fashion after overnight incubation with increasing sub-
stoichiometric amounts of the irreversible organophosphate cholinesterase inhibitor, di-
isopropylfluorophosphate (DFP). Tﬁe X-axis intercept with this typical batch (one of three)
indicates approximately 7.7 pmol of active site serine residues (the putative DFP target). The
amount of enzyme protein was 0.72 ug, equivalent to 8.5 pmol. Thus, over 90% of the purified
material was enzymatically active.

[0042] Figure 23. Stability of Albu-CocH in vivo. Representative time course of plasma cocaine
hydrolase activity in 1 of 5 rats injected at zero-time with Albu-CocH, 3 mg/kg i.v. These data,
fitted to a double exponential decay equation, indicated a terminal elimination half-life of 7.9 hr.
The higher slope at early times suggests a preliminary redistribution phase, which might represent
enzyme binding to tissue components, metabolic destruction, or limited transcapillary passage
into extracellular fluid.

[0043] Figure 24. Blunting of cocaine-induced hypertension. Rats were anesthetized with
urethane (1.45 g/kg) for arterial cannulation. Subsequently Albu-CocH was administered (filled
circles, 3 mg/kg, i.v.) or saline (open circles), followed by atropine (1 mg/kg) to reduce vagal
reflexes, and baseline pressure was recorded for 10 min. At zero time, the rats were challenged
with cocaine (3.5 mg/kg) and at 10 min with norepinephrine (NE, 6 pg/kg). Changes in mean
blood pressure are shown (mean + SEM, 5 rats per group).

[0044] Figure 25. Prevention and rescue from cocaine overdose. A: Percent incidence of

arousal and seizures when cocaine (100 mg/kg i.p.) was given 10 min after i.v. saline (n = 10),
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Albu-CocH (n = 6 per dose), or wild type BChE (WT, n = 3). B: effect of Albu-CocH (10

mg/kg) on the dose-response curve for seizures from cocaine administered 10 min later (n = 6 per
group).

[0045] Figure 26. Accelerated cocaine clearance. Plasma cocaine levels are shown as a function
of time after injection of cocaine (30 uCi, 3.5 mg/kg, i.v.) into rats that 10 min earlier had
received Albu-CocH (3 mg/kg i.v--filled symbols, n = 4) or saline (empty symbols, n = 4). Blood
samples were drawn from the femoral artery beginning 30 seconds (sec) after cocaine and were
assayed radiometrically. As shown here, plasma cocaine levels in control rats declined slowly but
in Albu-CocH-treated rats they dropped nearly to the detection limit by the earliest sampling
point (30 sec after drug injection).

[0046] Figure 27. Reduced tissue accumulation of cocaine. Rats (n =4 per group) received 3H-
cocaine (30 pCi, 3.5 mg/kg, i.v.) 10 min after treatment with Albu-CocH (3 mg/kg, i.v.) or saline.
Ten min after the cocaine injections, brains, hearts, and plasma were collected for analysis of
cocaine and its metabolite, benzoic acid. Treatment with Albu-CocH greatly lowered tissue
burden. Intact cocaine was nearly undetectable in hearts and plasma from the enzyme-treated
rats, where it was quantitatively replaced by the metabolite, benzoic acid. The treatment effect
was substantial in brain as well, but smaller, consistent with the fact that nervous tissue is a
preferred site for cocaine uptake.

[0047] Figure 28. Selective block of cocaine-primed reinstatement of drug-seeking behavior.
Fifteen rats that had previously self-administered cocaine and extinguished when cocaine was
replaced with saline were primed with an i.v. injection of saline (S), cocaine (C, 10 mg/kg) or
amphetamine (A, 2 mg/kg) just before each of twelve daily, 2-hr sessions. On days 4 and 6, they
received Albu-CocH enzyme (E), 2 mg/kg i.v., 2 hr beforehand. Data shown are mean + SEM of
total responses on the previously active lever (which had no consequences). Horizontal brackets

indicate statistical comparisons (* p < 0.05; ** p < 0.01).

DETAILED DESCRIPTION

Definitions
[0048] The following definitions are provided to facilitate understanding of certain terms used
throughout this specification.
[0049] 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
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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 alternatively consisting of the
sequence shown in SEQ ID NO:X; 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: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).

[0050] As used herein, “albumin fusion construct” refers to a nucleic acid molecule comprising,
or alternatively 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); a nucleic acid molecule
comprising, or alternatively 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 alternatively
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 transcription (e.g., a promoter region, such as for example, a regulatable 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

LTS

a “‘portion,” “‘region” or “‘moiety” of the albumin fusion construct.
[0051] The present invention relates generally to polynucleotides 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 proteins.
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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 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 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 "portion", "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).
[0052] 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 secretory 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
glycosylation); 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”.
[0053] In several instances, a representative clone containing an albumin fusion construct of the
invention was deposited 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 Boulevard, Manassas, Virginia 20110-2209, USA. The ATCC® deposits were
made pursuant to the terms of the Budapest Treaty on the international recognition of the deposit
of microorganisms for the purposes of patent procedure.
[0054] In one embodiment, the invention provides a polynucleotide encoding an albumin fusion

protein comprising, or alternatively consisting of, a Therapeutic protein and a serum albumin
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protein. In a further embodiment, the invention 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
consisting 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 consisting of, a biologically active and/or therapeutically
active variant of a Therapeutic protein and a serum albumin protein. In preferred embodiments,
the serum albumin protein component of the albumin fusion protein is the mature portion of
serum albumin. The invention further encompasses polynucleotides encoding these albumin
fusion proteins.

[0055] In further embodiments, the invention provides an albumin fusion protein comprising, or
alternatively consisting 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 therapeutically active variant of serum albumin. In preferred embodiments, the
Therapeutic protein portion of the albumin 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 extracellular 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 Therapeutic protein. The invention further encompasses polynucleotides encoding these
albumin fusion proteins.

[0056] In further embodiments, the invention provides an albumin fusion protein comprising, or
alternatively consisting of, a biologically active and/or therapeutically active fragment or variant
of a Therapeutic protein and a biologically active and/or therapeutically active fragment or
variant of serum albumin. In preferred embodiments, the invention provides an albumin fusion
protein comprising, or alternatively 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.

Therapeutic proteins
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[0057] 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.
[0058] An additional embodiment includes a polynucleotide encoding 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 linked with one another by chemical
conjugation.
[0059] 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 interchangeably herein.) It is specifically contemplated that the term
"Therapeutic protein" encompasses antibodies and fragments 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.
[0060] By a polypeptide displaying a "therapeutic activity" 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.
[0061] 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, IFNa, ,
ANP, BNP, LANP, VDP, KUP, CNP, DNP, HCC-1, beta defensin-2, fractalkine, oxyntomodulin,
killer toxin peptide, TIMP-4, PYY, adrenomedullin, ghrelin, CGRP, IGF-1, neuraminidase,
hemagglutinin, butyrylcholinesterase, endothelin, and mechano growth factor.
[0062] 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
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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.
[0063] 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 embodiment, the A/D hybrid is fused at the common BglII restriction 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:
CDLPQTHSLGSRRTLMLLAQMRX,ISLFSCLKDRHDFGFPQEEFGNQFQKAETIPVLHEMI
QQIFNLFTTKDSSAAWDEDLLDKFCTELYQQLNDLEACVMQEERVGETPLMNX,DSILAV
KKYFRRITLYLTEKKYSPCAWEVVRAEIMRSLSLSTNLQERLRRKE (SEQ ID NO:99),
wherein the X, is R or K and the X5 is A or V. In an additional embodiment, the A/D hybrid is
fused at the common Pvulll restriction site, wherein the N-terminal portion of the A/D 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 D. For example, this A/D hybrid would comprise the
amino acid sequence:
CDLPQTHSLGSRRTLMLLAQMRX,ISLFSCLKDRHDFGFPQEEFGNQFQKAETIPVLHEMI
QQIFNLFSTKDSSAAWDETLLDKFYTELYQQLNDLEACVMQEERVGETPLMNX,DSILAV
KKYFRRITLYLTEKKYSPCAWEVVRAEIMRSLSLSTNLQERLRRKE (SEQ ID NO:100),
wherein ihe X is R or K and the second X;is A or V. These hybrids are further described in U.S.
Patent No. 4,414,510, which is hereby incorporated by reference in its entirety.

[0064) 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 Pvulll
restriction site, wherein the N-terminal portion of the A/F 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 F. For example, this A/F hybrid would comprise the amino acid sequence:
CDLPQTHSLGSRRTLMLLAQMRXISLFSCLKDRHDFGFPQEEFGNQFQKAETIPVLHEMIQ
QIFNLFSTKDSSAAWDETLLDKFYTELYQQLNDMEACVIQEVGVEETPLMNVDSILAVK
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KYFQRITLYLTEKKYSPCAWEVVRAEIMRSFSLSKIFQERLRRKE (SEQ ID NO:101),
wherein X is either R or K. These hybrids are further described in U.S. Patent No. 4,414,510,
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 alternatively
comprises, of interferon alpha A fused to interferon alpha B. In an additional embodiment, the
A/B hybrid is fused at the common Pvulll 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,ISLFSCLKDRHDFGFPQEEFGNQFQKAETIPVLHEMI
QQIFNLFSTKDSSAAWDETLLDKFYTELYQQLNDLEX,X3X4XsQEVGVIESPLMYEDSILA
VRKYFQRITLYLTEKKYSSCAWEVVRAEIMRSFSLSINLQKRLKSKE (SEQ ID NO:102),
wherein the X is R or K and X, through X5 is SCVM or VLCD. These hybrids are further
described in U.S. Patent No. 4,414,510, which is hereby incorporated by reference in its entirety.
{0065] In another embodiment, the interferon hybrid portion of the interferon hybrid albumin
fusion protein comprises 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:
MSYNLLGFLQRSSNFQCQKLLWQLNGRLEYCLKDRMNFDIPEEIKQLQQFQKEDAALTIY
EMLQNIFAIFRQDSSAAWDEDLLDKFCTELYQQLNDLEACVMQEERVGETPLMNXDSIL
AVKKYFRRITLYLTEKKYSPCAWEVVRAEIMRSLSLSTNLQERLRRKE (SEQ ID NO:103),
wherein X is A or V. These hybrids are further described in U.S. Patent No. 4,758,428, which is
hereby incorporated by reference in its entirety.

[0066] In another embodiment, the interferon hybrid portion of the interferon hybrid albumin
fusion protein comprises 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-
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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:
MCDLPETHSLDNRRTLMLLAQMSRISPSSCLMDRHDFGFPQEEFDGNQFQKAPAISVLHE
LIQQIFNLFTTKDSSSTGWNETIVENLLANVYHQINHLKTVLEEKLEKEDFTRGKLMSSLH
LKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN (SEQ ID NO:104).
These hybrids are further described in U.S. Patent No. 4,758,428, which is hereby incorporated
by reference in its entirety.

[0067] In further embodiments, the interferon hybrid portion of the interferon hybrid albumin
fusion proteins may comprise additional combinations of alpha-alpha interferon hybrids, alpha-
beta interferon hybrids, and beta-alpha interferon 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.

[0068] 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.

[0069] 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, reducing 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 inflammation, suppression of appetite, 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).

[0070] In one embodiment, IFN-alpha-HSA fusions are used to inhibit viral agents classified
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under Category A- Filo (Ebola), Arena (Pichende), Category B- Toga (VEE) or Category C-

Bunya (Punto toro), Flavi (Yellow fever, West Nile). For example, CPE inhibition, neutral red
staining and virus yield assays were employed to evaluate the antiviral activities of INF-alpha
fused downstream of HSA (CID 3165 protein). The pharmacokinetics and pharmacodynamic
activity of CID 3165 protein in cynomolgus monkeys and human subjects were evaluated. The
results indicate that antiviral activity was achieved against all the RNA viruses evaluated with a
favorable safety index. The IC50 values ranged from <0.1 ng/ml (Punta Toro A) to 19 ng/ml
(VEE) in the CPE assay. In cynomolgus monkeys, the half-life of CID 3165 protein was 90 hours
and was detectable up to 14 days post-dose. In human subjects, CID 3165 protein was safe and
well tolerated. Cnax following single injection doses was dose-proportional. The mean Cax in
the 500 ug cohort was 22 ng/ml, and the mean t;, was 150 hours. Dosing once every 2-4 weeks
or more is supported by the pharmacokinetics. Antiviral response against Hepatitis C was
observed in the majority of subjects in the single injection cohorts (120-500 ug).

[0071] In a further embodiment, [FN-alpha-HSA fusions are used to treat patients with chronic
Hepatitis C infection (HCV). Interferon alpha, also known as interferon alfa or leukocyte
interferon, is the standard of care for treatment of patients infected with HCV. The term
"interferon alpha" refers to a family of highly homologous related polypeptides with anti-viral
activity. The interferon alpha portion of the [FN-alpha-HSA fusion consists or alternatively
comprises any interferon alpha or fragment thereof known in the art. Non-limiting examples of
the interferon alpha portion of the IFN-alpha-HSA fusion proteins of the invention include, but
are not limited to, the interferon alpha proteins disclosed in the Therapeutic protein column of
Table 1. In particular embodiments, the interferon alpha portion consists or alternatively
comprises interferon alpha-2a, interferon alpha-2b, interferon alpha-2c, consensus interferon,
interferon alfacon-1, interferon alpha-n1, interferon alpha-n3, any commercially available form of
interferon alpha, such as, for example, INTRON® A (Schering Corp., Kenilworth, N.J.),
ROFERON® A (Hoffman-La Roche, Nutley, N.J.), Berofor alpha inteferon (Boehringer
Ingelheim Pharmaceutical, Inc., Ridgefied, Conn.), OMNIFERON™ (Viragen, Inc., Plantation,
FL), MULTIFERONTM (Viragen, Inc., Plantation, FL) WELLFERON® (GlaxoSmithKline,
London, Great Britian), INFERGEN® (Amgen, Inc., Thousands Oaks, CA), SUMIFERON®
(Sumitomo, Japan), BELEROFON® (Nautilus Biotech, France), MAXY-ALPHA™ (Maxygen,
Redwood City, CA / Hoffman-La Roche, Nutley, N.J.), or any purified interferon alpha product
or a fragment thereof. In further embodiments, the interferon alpha portion of the I[FN-alpha-

HSA fusion protein consists or alternatively comprises interferon alpha modified or formulated
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for extended or controlled release. For example, the interferon alpha portion consists, or
alternatively comprises commercially available extended release or controlled release interferon
alpha, including, but not limited to interferon-alpha-XL (Flamel Technologies, France) and .
LOCTERONT™ (BioLex Therapeutics/OctoPlus, Pittsboro, NC). In additional embodiments, the
interferon alpha portion of the IFN-alpha-HSA fusion protein may be modified by the attachment
of chemical moieties. For example, the inteferon alpha portion may be modified by pegylation.
Accordingly, in additional embodiments, the interferon alpha portion of the IFN-alpha-HSA
fusion protein consists or alternatively comprises pegylated forms of interferon alpha-2a, 2b, or
consensus interferon and include, but are not limited to, a commercially available pegylated
interferon alpha, such as, for example, PEG-INTRON® (Schering Corp., Kenilworth, N.J.),
PEGASYS® (Hoffman-La Roche, Nutley, N.J.), PEG-OMNIFERON™ (Viragen, Inc., Plantation,
FL) or a fragment thereof. However, as used herein, "IFN-alpha-HSA" fusions refers to the HSA
fused to any of the interferon alpha proteins known in the art or a fragment thereof.

[0072] Patients infected with HCV may fall within two categories based on previous exposure to
an interferon regimen for treatment of the HCV infection. "Treatment-naive patients” or “naive
patients” are those patients who have never been treated with an interferon regimen. "Treatment-
experienced patients” or “experienced patients’ are those patients who have been treated or are
currently being treated with an interferon regimen. "Non-responders” are experienced patients
who have been previously treated with an interferon regimen but have failed to meet the primary
endpoint of treatment such as an early viral load reduction (EVR) or an end-of-treatment response
(ETR). “Relapsers” are experienced patients who have previously been treated with an interferon
regimen and have a achieved primary endpoint of treatment such as EVR or ETR, but become
subsequently positive for HCV at later time points. However, as used herein, an "HCV patient”
refers to a patient who is infected with HCV and who is either naive or experienced. In addition,
as used herein, an “HCV patient” who is “‘experienced” is either a non-responder or a relapser.
[0073] In addition, the Hepatitis C virus can be classified into numerous genotypes, with four
genotypes, genotype 1, 2, 3, or 4, being the most prevalent. Generally, the Hepatitis C virus that
infects an HCV patient comprises a single genotype. However, the Hepatitis virus can comprise
a combination of two or more genotypes. In addition, the genotype of Hepatitis C virus may also
be a variant of one of the known HCV genotypes. In a further embodiment, the Hepatitis C virus
of the HCV patient is genotype 1 or a variant thereof. However, as used herein, "HCV" refers to
the Hepatitis C virus of any genotype, or combination or variants thereof.

[0074] The standard treatment regimen for patients with HCV involves treatment with interferon
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alpha in combination with an antiviral agent, such as, ribavirin. In general, the interferon alpha is
administered daily, twice-a-week, or weekly and the ribavirin is administered daily. However,
recent studies have also used inteferon alpha in combination with other antiviral agents known in
the art for the treatment of HCV. Thus, in a further embodiment the [FN-alpha-HSA fusion may
be administered to the HCV patient either alone or in combination with an antiviral agent, such

as, for example, ribavirin. In a more preferred embodiment, [FN-alpha-HSA fusion may be
administered to the HCV patient in combination with one, two three, or more antiviral agents,
such as, for example, ribavirin and an additional antiviral agent.

[0075] As noted above, pharmokinetics of the CID 3165 protein support a dosing schedule of
once every 2-4 weeks or greater. Thus, in a further embodiment, the HCV patients are treated
with an [FN-alpha-HSA fusion by administration once every 2-4 weeks alone or in combination
with an effective amount of an antiviral agent. In a preferred embodiment, the HCV patients are
treated with an IFN-alpha-HSA fusion by administration once every 2-4 weeks in combination
with an effective amount of one, two three, or more antiviral agents. In an additional preferred
embodiment, the [FN-alpha-HSA fusion is administered to the HCV patient once every 4 weeks.
In an additional preferred embodiment, the [FN-alpha-HS A fusion is administered to the HCV
patient more than once every 4 weeks. In additional embodiments, the [FN-alpha-HSA fusion is
adminstered once every 4 weeks or more to an HCV patient, wherein the treatment also includes
administration of an effective amount of one, two three, or more antiviral agents.

[0076] In a another embodiment, [FN-alpha-HSA fusions may be used as a low-dose
monotherapy for maintenance therapy of HCV. In a further additional embodiment, [FN-alpha-
HSA fusions may used in combination with ribavirin and one or more other antiviral agents for
the treatement of HCV. Alternatively, in another embodiment, [FN-alpha-HSA fusions may be
used in combination with one, two, three, or more antiviral agents, other than ribavirin, for the
treatment of HCV.

[0077] In an additional embodiment, IFN-alpha-HSA fusions may be used for the treatment of
other viral infections. For example, in one embodiment, IFN-alpha-HSA fusions may be used for
the treatment of Hepatitis B (HBV). In an additional embodiment, [FN-alpha-HSA fusions may
be used for the treatment of Human Papilloma Virus (HPV). In a further embodiment, IFN-
alpha-HSA fusions may be used in the treatment of cancer, including, but not limited to hairy cell
leukemia, malignant melanoma, follicular lymphoma, chronic myelogenous leukemia, AIDS
related Kaposi's Sarcoma, multiple myeloma, or renal cell cancer.

[0078] In another embodiment, HSA fusions with natriuretic peptides, including but not limited
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to ANP-HSA fusions or BNP-HSA fusions, may be used for the treatment of cardiovascular

disorders. For example, in a preferred embodiment, HSA fusions with natriuretic peptides,
including but not limited to ANP-HSA fusions or BNP-HSA fusions, may be used for the
treatment of congestive heart failure. In an additional preferred embodiment, HSA fuéions with
natriuretic peptides, including but not limited to ANP-HSA fusions or BNP-HSA fusions, may be
used in the treatement of post-myocardial infarction. In additional embodiments, HSA fusions
with natriuretic peptides, including but not limited to ANP-HSA fusions or BNP-HSA fusions,
may be used to additional cardiovascular disorders, including, but not limited to hypertension,
salt-sensitive hypertension, angina pectoris, peripherial artery disease, hypotension, cardiac
volume overload, cardiac decompensation, cardiac failure, left ventricular dysfunction, dyspnea,
myocardial reperfusion injury, or left ventricular remodeling. In another embodiment, HSA
fusions with natriuretic peptides, including but not limited to ANP-HSA fusions or BNP-HSA
fusions, may be used in the treatment for elevated aldosterone levels, which can lead to
vasoconstriction, impaired cardiac ouput and/or hypertension. In further embodiments, HSA
fusions with natriuretic peptides, including but not limited to ANP-HSA fusions or BNP-HSA
fusions, may be used in the treatment of renal diseases, including, but not limited to diabetic
nephrophathy; glomerular hypertrophy, glomerular injury, renal glomerular disease, actute and/or
chronic renal failure. In an additional embodiment, HSA fusions with natriuretic peptides,
including but not limited to ANP-HSA fusions or BNP-HSA fusions, may be used to treat stroke
or excess fluid in tissues.

[0079] In an additional embodiment, HSA may be fused with natriuretic peptide variants
including, but not limited to, BNP-HSA fusions wherein the BNP component of the fusion
protein is BNP amino acid residues 1-29. In one embodiment, the BNP component of the HSA
fusion protein consists of two BNP variants (e.g., BNP amino acid residues 1-29) in tandem. In
another embodiment, the BNP component of the HSA fusion protein consists of three, four, five
or more BNP variants (e.g., BNP amino acid residues 1-29) in tandem. In a preferred
embodiment, HSA fusions with BNP variants (e.g., BNP amino acid residues 1-29) may be used
for the treatment of congestive heart failure. In an additional preferred embodiment, HSA fusions
with BNP variants (e.g., BNP amino acid residues 1-29) may be used in the treatment of post-
myocardial infarction. In an additional embodiment, HSA fusions with BNP variants (e.g., BNP
amino acid residues 1-29) may be used to treat additional cardiovascular disorders, including, but
not limited to, hypertension, salt-sensitive hypertension, angina pectoris, peripheral artery

disease, hypotension, cardiac volume overload, cardiac decompensation, cardiac failure, non-
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hemodynamic CHF, left ventricular dysfunction, dyspnea, myocardial reperfusion injury, or left
ventricular remodeling. In another embodiment, HSA fusions with BNP variants (e.g., BNP
amino acid residues 1-29) may be used in the treatment for elevated aldosterone levels, which can
lead to vasoconstriction, impaired cardiac output and/or hypertension. In a preferred
embodiment, HSA fusion with BNP variants (e.g., BNP amino acid residues 1-29) may be used
in the treatment of renal disorders or diseases, including, but not limited to, diabetic nephropathy;
glomerular hypertrophy, glomerular injury, renal glomerular disease, acute and/or chronic renal
failure. In an additional embodiment HSA fusions with BNP variants (e.g., BNP amino acid
residues 1-29) may be used to treat stroke or excess fluid in tissues.

[0080] In related but distinct embodiments, the invention is directed to natriuretic peptide
variants including, but not limited to BNP amino acid residues 1-29, wherein the peptides are not
fused with HSA. In one embodiment, the BNP variants of the invention have the sequence of
two BNP variants (e.g., BNP amino acid residues 1-29) in tandem. In an additional embodiment,
the BNP variants of the invention have the sequence of three, four, five or more BNP variants
(e.g., BNP amino acid residues 1-29) in tandem. In a preferred embodiment, the BNP variants
(e.g., BNP amino acid residues 1-29) of the invention may be used for the treatment of congestive
heart failure. In an additional preferred embodiment, the BNP variants (e.g., BNP amino acid
residues 1-29) of the invention may be used in the treatment of post-myocardial infarction. In an
additional embodiment, the BNP variants (e.g., BNP amino acid residues 1-29) of the invention
may be used to treat additional cardiovascular disorders, including, but not limited to,
hypertension, salt-sensitive hypertension, angina pectoris, peripheral artery disease, hypotension,
cardiac volume overload, cardiac decompensation, cardiac failure, non-hemodynamic CHF, left
ventricular dysfunction, dyspnea, myocardial reperfusion injury, or left ventricular remodeling.

In another embodiment, the BNP variants (e.g., BNP amino acid residues 1-29) of the invention
may be used in the treatment for elevated aldosterone levels, which can lead to vasoconstriction,
impaired cardiac output and/or hypertension. In a further preferred embodiment, the BNP
variants (e.g., BNP amino acid residues 1-29) of the invention may be used in the treatment of
renal disorders or diseases, including, but not limited to, diabetic nephropathy; glomerular
hypertrophy, glomerular injury, renal glomerular disease, acute and/or chronic renal failure. In an
additional embodiment, the BNP variants (e.g., BNP amino acid residues 1-29) of the invention
may be used to treat stroke or excess fluid in tissues.

[0081] In a further embodiment, the invention is directed to natriuretic peptide variants including,

but not limited to, BNP variants (e.g., BNP amino acid residues 1-29), that have been modified in
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order to extend half-life, biological activity, and/or to facilitate purification of the variant.
According to this embodiment, the natriuretic peptide variants (e.g., BNP amino acid residues 1-
29) may be pegylated, methylated, or otherwise chemically modified or conjugated using
techniques known in the art. Alternatively, methods known in the art may be used to
recombinantly fuse the natriuretic peptide variants of the invention to other peptide sequences
known in the art to extend half-life, improve biological activity and/or facilitate purification. For
example, natriuretic peptide variants of the invention may be fused or conjugated to an antibody
Fc region, or portion thereof. The antibody portion fused to a natriuretic variants (e.g., BNP
amino acid residues 1-29) of the invention may comprise the constant region, hinge region, CH1
domain, CH2 domain, and CH3 domain or any combination of whole domains or portions
thereof. The natriuretic variants may also be fused or conjugated to the above antibody portions
to form multimers. For example, Fc portions fused to the polypeptides of the present invention
(e.g., BNP amino acid residues 1-29) can form dimers through disulfide bonding between the Fc
portions. Higher multimeric forms can be made by fusing the variants to portions of IgA and
IgM. Methods for fusing or conjugating the variants of the present invention to antibody portions
are known in the art. See, e.g., U.S. Patent Nos. 5,336,603; 5,622,929; 5,359,046; 5,349,053,
5,447,851; 5,112,946; EP 307,434; EP 367,166; PCT publications WO 96/04388; WO 91/06570;.
Ashkenazi et al., Proc. Natl. Acad. Sci. USA 88:10535-10539 (1991); Zheng et al., J. Immunol.
154:5590-5600 (1995); and Vil et al., Proc. Natl. Acad. Sci. USA 89:11337- 11341(1992) (said
references incorporated by reference in their entireties). In an additional embodiment, the
modified BNP variants of the invention have the sequence of two BNP variants (e.g., BNP amino
acid residues 1-29) in tandem. In an additional embodiment, the modified BNP variants of the
invention have the sequence of three, four, five or more BNP variants (e.g., BNP amino acid
residues 1-29) in tandem. In a preferred embodiment, the modified BNP variants (e.g., BNP
amino acid residues 1-29) of the invention may be used for the treatment of congestive heart
failure. In a preferred embodiment, the modified BNP variants (e.g., BNP amino acid residues 1-
29) of the invention may be used in the treatment of post-myocardial infarction. In an additional
embodiment, the modified BNP variants (e.g., BNP amino acid residues 1-29) of the invention
may be used to treat additional cardiovascular disorders, including, but not limited to,
hypertension, salt-sensitive hypertension, angina pectoris, peripheral artery disease, hypotension,
cardiac volume overload, cardiac decompensation, cardiac failure, non-hemodynamic CHF, left
ventricular dysfunction, dyspnea, myocardial reperfusion injury, or left ventricular remodeling.

In another embodiment, the modified BNP variants (e.g., BNP amino acid residues 1-29) of the
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invention may be used in the treatment for elevated aldosterone levels, which can lead to
vasoconstriction, impaired cardiac output and/or hypertension. In a preferred embodiment, the
modified BNP variants (e.g., BNP amino acid residues 1-29) of the invention may be used in the
treatment of renal disorders or diseases, including, but not limited to, diabetic nephropathy;
glomerular hypertrophy, glomerular injury, renal glomerular disease, acute and/or chronic renal
failure. In an additional embodiment, the modified BNP variants (e.g., BNP amino acid residues
1-29) of the invention may be used to treat stroke or excess fluid in tissues.

[0082] In another embodiment, CNP-HSA fusions may be used in the regulation of endochodral
ossification. For example, in a preferred embodiment, CNP-HSA fusions may be used in the
treatment of skeletal dysplasias, including, but not limited to anchondroplasia,

hypochondroplasia, and thanatophoric dysplasia.

[0083] 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 organisms. Therapeutic activity may be measured in vivo or in
vitro. For example, a desirable effect may be assayed in cell culture. Such in vitro or cell culture
assays are commonly available for many Therapeutic proteins 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 (column 3) of Table 1.

[0084] Therapeutic proteins corresponding to a Therapeutic 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 oligosaccharide groups. The modification, referred to as glycosylation,
can dramatically affect the physical properties of proteins 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 oligosaccharides, 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.

[0085] Therapeutic proteins corresponding to a Therapeutic protein portion of an albumin fusion

protein of the invention, as well as analogs and variants thereof, may be modified so that
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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 asparagine, or unglycosylated recombinant proteins may be produced 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.

[0086] 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 databases 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, “SEQ ID NO:X,” of Table 2. Sequences shown as SEQ ID 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 particular
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 SEQ ID NO:X to derive the construct described in the same row. For
example, if SEQ ID 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.
[0087] 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 the
Therapeutic proteins or peptides disclosed in the "Therapeutic Protein X" column of Table 1
(column 1), or fragment or variant thereof.

[0088] Table 1 provides a non-exhaustive list of Therapeutic 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,”
discloses 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
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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 column. 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 therapeutic and/or biological activity of a
Therapeutic protein:X or an albumin fusion protein comprising a Therapeutic 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 Indication: 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 comprising a Therapeutic protein X (or fragment thereof)
portion. 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 Protein X (or fragment thereof) portion.
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