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(57) ABSTRACT 

lL-28A, lL-28B, IL-29, and certain mutants thereof have 
been shoWn to have antiviral activity on a spectrum of viral 
species. Of particular interest is the antiviral activity dem 
onstrated on viruses that infect liver, such as hepatitis B 
virus and hepatitis C virus. In addition, lL-28A, lL-28B, 
IL-29, and mutants thereof do not exhibit some of the 
antiproliferative activity on hematopoietic cells that is 
observed With interferon treatment. Without the immuno 
suppressive e?fects accompanying interferon treatment, 
lL-28A, lL-28B, and IL-29 Will be useful in treating immu 
nocompromised patients for viral infections. 
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METHODS FOR TREATING VIRAL INFECTION 
USING IL-28 AND IL-29 CYSTEINE MUTANTS 

REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is a continuation of US. 
patent application Ser. No. 11/098,662, ?led Apr. 4, 2005, 
Which claims the bene?t of US. Patent Application Ser. Nos. 
60/559,081, ?led Apr. 2, 2004, 60/609,238, ?led Sep. 13, 
2004, and 60/634,144, ?led Dec. 8, 2004, all of Which are 
herein incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] Strategies for treating infectious disease often 
focus on Ways to enhance immunity. For instance, the most 
common method for treating viral infection involves pro 
phylactic vaccines that induce immune-based memory 
responses. Another method for treating viral infection 
includes passive immunization via immunoglobulin therapy 
(Meissner, J. Pediatn 124:S17-21, 1994). Administration of 
Interferon alpha (IFN-ot) is another method for treating viral 
infections such as genital Warts (Reichman et al., Ann. 
Intern. Med. 108:675-9, 1988) and chronic viral infections 
like hepatitis C virus (HCV) (Davis et al., New Engl. J. Med. 
339:1493-9, 1998) and hepatitis B virus (HBV). For 
instance, IFN-ot and IFN-[3 are critical for inhibiting virus 
replication (revieWed by Vilcek et al., (Eds.), Interferons and 
other cytokines. In Fields Fundamental Wrology, 3rd ed., 
Lippincott-Raven Publishers Philadelphia, Pa., 1996, pages 
341-365). In response to viral infection, CD4+ T cells 
become activated and initiate a T-helper type I (THl) 
response and the subsequent cascade required for cell 
mediated immunity. That is, folloWing their expansion by 
speci?c groWth factors like the cytokine IL-2, T-helper cells 
stimulate antigen-speci?c CD8+ T-cells, macrophages, and 
NK cells to kill virally infected host cells. Although often 
times e?icacious, these methods have limitations in clinical 
use. For instance, many viral infections are not amenable to 
vaccine development, nor are they treatable With antibodies 
alone. In addition, IFN’ s are not extremely effective and they 
can cause signi?cant toxicities; thus, there is a need for 
improved therapies. 
[0003] Not all viruses and viral diseases are treated iden 
tically because factors, such as Whether an infection is acute 
or chronic and the patient’s underlying health, in?uence the 
type of treatment that is recommended. Generally, treatment 
of acute infections in immunocompetent patients should 
reduce the disease’s severity, decrease complications, and 
decrease the rate of transmission. Safety, cost, and conve 
nience are essential considerations in recommending an 
acute antiviral agent. Treatments for chronic infections 
should prevent viral damage to organs such as liver, lungs, 
heart, central nervous system, and gastrointestinal system, 
making e?icacy the primary consideration. 

[0004] Chronic hepatitis is one of the most common and 
severe viral infections of humans WorldWide belonging to 
the Hepadnaviridae family of viruses. Infected individuals 
are at high risk for developing liver cirrhosis, and eventually, 
hepatic cancer. Chronic hepatitis is characterized as an 
in?ammatory liver disease continuing for at least six months 
Without improvement. The majority of patients suffering 
from chronic hepatitis are infected With either chronic HBV, 
HCV or are suffering from autoimmune disease. The preva 

Mar. 27, 2008 

lence of HCV infection in the general population exceeds 
1% in the United States, Japan, China and Southeast Asia. 

[0005] Chronic HCV can progress to cirrhosis and exten 
sive necrosis of the liver. Although chronic HCV is often 
associated With deposition of type I collagen leading to 
hepatic ?brosis, the mechanisms of ?brogenesis remain 
unknoWn. Liver (hepatic) ?brosis occurs as a part of the 
Wound-healing response to chronic liver injury. Fibrosis 
occurs as a complication of haemochromatosis, Wilson’s 

disease, alcoholism, schistosomiasis, viral hepatitis, bile 
duct obstruction, toxin exposure, and metabolic disorders. 
This formation of scar tissue is believed to represent an 
attempt by the body to encapsulate the injured tissue. Liver 
?brosis is characterized by the accumulation of extracellular 
matrix that can be distinguished qualitatively from that in 
normal liver. Left unchecked, hepatic ?brosis progresses to 
cirrhosis (de?ned by the presence of encapsulated nodules), 
liver failure, and death. 

[0006] There are feW effective treatments for hepatitis. For 
example, treatment of autoimmune chronic hepatitis is gen 
erally limited to immunosuppressive treatment With corti 
costeroids. For the treatment of HBV and HCV, the FDA has 
approved administration of recombinant IFN-ot. HoWever, 
IFN-ot is associated With a number of dose-dependent 
adverse effects, including thrombocytopenia, leukopenia, 
bacterial infections, and in?uenza-like symptoms. Other 
agents used to treat chronic HBV or HCV include the 
nucleoside analog RIBAVIRINTM and ursodeoxycholic acid; 
hoWever, neither has been shoWn to be very effective. 
RIBAVIRINTM+IFN combination therapy for results in 47% 
rate of sustained viral clearance (Lanford, R. E. and Bigger, 
C. Wrology 293: 1-9 (2002). (See Medicine, (D. C. Dale and 
D. D. Federman, eds.) (Scienti?c American, Inc., NeW 
York), 4:VIII: 1-8 (1995)). 

[0007] Respiratory syncytial virus is the major cause of 
pneumonia and bronchiolitis in infancy. RSV infects more 
than half of infants during their ?rst year of exposure, and 
nearly all are infected after a second year. During seasonal 
epidemics most infants, children, and adults are at risk for 
infection or reinfection. Other groups at risk for serious RSV 
infections include premature infants, immune compromised 
children and adults, and the elderly. Symptoms of RSV 
infection range from a mild cold to severe bronchiolitis and 
pneumonia. Respiratory syncytial virus has also been asso 
ciated With acute otitis media and RSV can be recovered 
from middle ear ?uid. Herpes simplex virus-1 (HSV-l) and 
herpes simplex virus-2 (HSV-2) may be either lytic or latent, 
and are the causative agents in cold sores (HSV-l) and 
genital herpes, typically associated With lesions in the region 
of the eyes, mouth, and genitals (HSV-2). These viruses are 
a feW examples of the many viruses that infect humans for 
Which there are feW adequate treatments available once 
infection has occurred. 

[0008] The demonstrated activities of the IL-28 and IL-29 
cytokine family provide methods for treating speci?c virual 
infections, for example, liver speci?c viral infections. The 
activity of IL-28 and IL-29 also demonstrate that these 
cytokines provide methods for treating immunocompro 
mised patients. The methods for these and other uses should 
be apparent to those skilled in the art from the teachings 
herein. 
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DESCRIPTION OF THE INVENTION 

De?nitions 

[0009] In the description that follows, a number of terms 
are used extensively. The following de?nitions are provided 
to facilitate understanding of the invention. 

[0010] Unless otherWise speci?ed, “a,”“an,”“the,” and “at 
least one” are used interchangeably and mean one or more 
than one. 

[0011] The term “affinity tag” is used herein to denote a 
polypeptide segment that can be attached to a second 
polypeptide to provide for puri?cation or detection of the 
second polypeptide or provide sites for attachment of the 
second polypeptide to a substrate. In principal, any peptide 
or protein for Which an antibody or other speci?c binding 
agent is available can be used as an affinity tag. Af?nity tags 
include a poly-histidine tract, protein A (Nilsson et al., 
EMBO J. 411075, 1985; Nilsson et al., Methods Enzymol. 
198:3, 1991), glutathione S transferase (Smith and Johnson, 
Gene 67:31, 1988), Glu-Glu affinity tag (Grussenmeyer et 
al., Proc. Natl. Acad. Sci. USA 82:7952-4, 1985), substance 
P, FlagTM peptide (Hopp et al., Biotechnology 6:1204-10, 
1988), streptavidin binding peptide, or other antigenic 
epitope or binding domain. See, in general, Ford et al., 
Protein Expression and Purification 2: 95-107, 1991. DNAs 
encoding a?inity tags are available from commercial sup 
pliers (e.g., Pharmacia Biotech, PiscataWay, NI.) 

[0012] The term “allelic variant” is used herein to denote 
any of tWo or more alternative forms of a gene occupying the 
same chromosomal locus. Allelic variation arises naturally 
through mutation, and may result in phenotypic polymor 
phism Within populations. Gene mutations can be silent (no 
change in the encoded polypeptide) or may encode polypep 
tides having altered amino acid sequence. The term allelic 
variant is also used herein to denote a protein encoded by an 
allelic variant of a gene. 

[0013] The terms “amino-terminal” and “carboxyl-termi 
nal” are used herein to denote positions Within polypeptides. 
Where the context alloWs, these terms are used With refer 
ence to a particular sequence or portion of a polypeptide to 
denote proximity or relative position. For example, a certain 
sequence positioned carboxyl-terminal to a reference 
sequence Within a polypeptide is located proximal to the 
carboxyl terminus of the reference sequence, but is not 
necessarily at the carboxyl terminus of the complete 
polypeptide. 
[0014] The term “complement/anti-complement pair” 
denotes non-identical moieties that form a non-covalently 
associated, stable pair under appropriate conditions. For 
instance, biotin and avidin (or streptavidin) are prototypical 
members of a complement/anti-complement pair. Other 
exemplary complement/anti-complement pairs include 
receptor/ligand pairs, antibody/antigen (or hapten or 
epitope) pairs, sense/antisense polynucleotide pairs, and the 
like. Where subsequent dissociation of the complement/anti 
complement pair is desirable, the complement/anti-comple 
ment pair preferably has a binding af?nity of <109 M_l. 

[0015] The term “degenerate nucleotide sequence” 
denotes a sequence of nucleotides that includes one or more 
degenerate codons (as compared to a reference polynucle 
otide molecule that encodes a polypeptide). Degenerate 
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codons contain different triplets of nucleotides, but encode 
the same amino acid residue (i.e., GAU and GAC triplets 
each encode Asp). 

[0016] The term “expression vector” is used to denote a 
DNA molecule, linear or circular, that comprises a segment 
encoding a polypeptide of interest operably linked to addi 
tional segments that provide for its transcription. Such 
additional segments include promoter and terminator 
sequences, and may also include one or more origins of 
replication, one or more selectable markers, an enhancer, a 
polyadenylation signal, etc. Expression vectors are generally 
derived from plasmid or viral DNA, or may contain ele 
ments of both. 

[0017] The term “isolated”, When applied to a polynucle 
otide, denotes that the polynucleotide has been removed 
from its natural genetic milieu and is thus free of other 
extraneous or unWanted coding sequences, and is in a form 
suitable for use Within genetically engineered protein pro 
duction systems. Such isolated molecules are those that are 
separated from their natural environment and include cDNA 
and genomic clones. Isolated DNA molecules of the present 
invention are free of other genes With Which they are 
ordinarily associated, but may include naturally occurring 5' 
and 3' untranslated regions such as promoters and termina 
tors. The identi?cation of associated regions Will be evident 
to one of ordinary skill in the art (see for example, Dynan 
and Tijan, Nature 316:774-78, 1985). 

[0018] An “isolated” polypeptide or protein is a polypep 
tide or protein that is found in a condition other than its 
native environment, such as apart from blood and animal 
tissue. In a preferred form, the isolated polypeptide is 
substantially free of other polypeptides, particularly other 
polypeptides of animal origin. It is preferred to provide the 
polypeptides in a highly puri?ed form, i.e. greater than 95% 
pure, more preferably greater than 99% pure. When used in 
this context, the term “isolated” does not exclude the pres 
ence of the same polypeptide in alternative physical forms, 
such as dimers or alternatively glycosylated or derivatiZed 
forms. 

[0019] The term “level” When referring to immune cells, 
such as NK cells, T cells, in particular cytotoxic T cells, B 
cells and the like, an increased level is either increased 
number of cells or enhanced activity of cell function. 

[0020] The term “level” When referring to viral infections 
refers to a change in the level of viral infection and includes, 
but is not limited to, a change in the level of CTLs or NK 
cells (as described above), a decrease in viral load, an 
increase antiviral antibody titer, decrease in serological 
levels of alanine aminotransferase, or improvement as deter 
mined by histological examination of a target tissue or 
organ. Determination of Whether these changes in level are 
signi?cant differences or changes is Well Within the skill of 
one in the art. 

[0021] The term “operably linked”, When referring to 
DNA segments, indicates that the segments are arranged so 
that they function in concert for their intended purposes, 
e.g., transcription initiates in the promoter and proceeds 
through the coding segment to the terminator. 

[0022] The term “ortholog” denotes a polypeptide or pro 
tein obtained from one species that is the functional coun 
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terpart of a polypeptide or protein from a different species. 
Sequence differences among orthologs are the result of 
speciation. 

[0023] “Paralogs” are distinct but structurally related pro 
teins made by an organism. Paralogs are believed to arise 
through gene duplication. For example, ot-globin, [3-globin, 
and myoglobin are paralogs of each other. 

[0024] A “polynucleotide” is a single- or double-stranded 
polymer of deoxyribonucleotide or ribonucleotide bases 
read from the 5' to the 3' end. Polynucleotides include RNA 
and DNA, and may be isolated from natural sources, syn 
thesiZed in vitro, or prepared from a combination of natural 
and synthetic molecules. SiZes of polynucleotides are 
expressed as base pairs (abbreviated “bp”), nucleotides 
(“nt”), or kilobases (“kb”). Where the context alloWs, the 
latter tWo terms may describe polynucleotides that are 
single-stranded or double-stranded. When the term is 
applied to double-stranded molecules it is used to denote 
overall length and Will be understood to be equivalent to the 
term “base pairs”. It Will be recogniZed by those skilled in 
the art that the tWo strands of a double-stranded polynucle 
otide may differ slightly in length and that the ends thereof 
may be staggered as a result of enZymatic cleavage; thus all 
nucleotides Within a double-stranded polynucleotide mol 
ecule may not be paired. 

[0025] A “polypeptide” is a polymer of amino acid resi 
dues joined by peptide bonds, Whether produced naturally or 
synthetically. Polypeptides of less than about 10 amino acid 
residues are commonly referred to as “peptides”. 

[0026] The term “promoter” is used herein for its art 
recogniZed meaning to denote a portion of a gene containing 
DNA sequences that provide for the binding of RNA poly 
merase and initiation of transcription. Promoter sequences 
are commonly, but not alWays, found in the 5' non-coding 
regions of genes. 

[0027] A “protein” is a macromolecule comprising one or 
more polypeptide chains. A protein may also comprise 
non-peptidic components, such as carbohydrate groups. Car 
bohydrates and other non-peptidic substituents may be 
added to a protein by the cell in Which the protein is 
produced, and Will vary With the type of cell. Proteins are 
de?ned herein in terms of their amino acid backbone struc 
tures; substituents such as carbohydrate groups are generally 
not speci?ed, but may be present nonetheless. 

[0028] The term “receptor” denotes a cell-associated pro 
tein that binds to a bioactive molecule (i.e., a ligand) and 
mediates the effect of the ligand on the cell. Membrane 
bound receptors are characterized by a multi-peptide struc 
ture comprising an extracellular ligand-binding domain and 
an intracellular effector domain that is typically involved in 
signal transduction. Binding of ligand to receptor results in 
a conformational change in the receptor that causes an 
interaction betWeen the effector domain and other mol 
ecule(s) in the cell. This interaction in turn leads to an 
alteration in the metabolism of the cell. Metabolic events 
that are linked to receptor-ligand interactions include gene 
transcription, phosphorylation, dephosphorylation, 
increases in cyclic AMP production, mobiliZation of cellular 
calcium, mobiliZation of membrane lipids, cell adhesion, 
hydrolysis of inositol lipids and hydrolysis of phospholipids. 
In general, receptors can be membrane bound, cytosolic or 
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nuclear; monomeric (e.g., thyroid stimulating hormone 
receptor, beta-adrenergic receptor) or multimeric (e.g., 
PDGF receptor, groWth hormone receptor, IL-3 receptor, 
GM-CSF receptor, G-CSF receptor, erythropoietin receptor 
and IL-6 receptor). 

[0029] The term “secretory signal sequence” denotes a 
DNA sequence that encodes a polypeptide (a “secretory 
peptide”) that, as a component of a larger polypeptide, 
directs the larger polypeptide through a secretory pathWay of 
a cell in Which it is synthesiZed. The larger polypeptide is 
commonly cleaved to remove the secretory peptide during 
transit through the secretory pathWay. 

[0030] The term “splice variant” is used herein to denote 
alternative forms of RNA transcribed from a gene. Splice 
variation arises naturally through use of alternative splicing 
sites Within a transcribed RNA molecule, or less commonly 
betWeen separately transcribed RNA molecules, and may 
result in several mRNAs transcribed from the same gene. 
Splice variants may encode polypeptides having altered 
amino acid sequence. The term splice variant is also used 
herein to denote a protein encoded by a splice variant of an 
mRNA transcribed from a gene. 

[0031] Molecular Weights and lengths of polymers deter 
mined by imprecise analytical methods (e.g., gel electro 
phoresis) Will be understood to be approximate values. 
When such a value is expressed as “about” X or “approxi 
mately” X, the stated value of X Will be understood to be 
accurate to 110%. 

[0032] “Zcyto20”, “Zcyto21”, “Zcyto22” are the previous 
designations for human IL-28A, IL-29, and IL-28B, respec 
tively and are used interchangeably herein. IL-28A polypep 
tides of the present invention are shoWn in SEQ ID NOs:2, 
18, 24, 26, 28, 30, and 36, Which are encoded by polynucle 
otide sequences as shoWn in SEQ ID NOs:1, 17, 23, 25, 27, 
29, and 35, respectively. IL-28B polypeptides of the present 
invention are shoWn in SEQ ID NOs:6, 22, 40, 86, 88, 90, 
92, 94, 96, 98, and 100, Which are encoded by polynucle 
otide sequences as shoWn in SEQ ID NOs:5, 21, 39, 85, 87, 
89, 91, 93, 95, 97, and 99, respectively. IL-29 polypeptides 
of the present invention are shoWn in SEQ ID NOs:4, 20, 32, 
34, 38, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 
70, 72, 74, 76, 78, 80, 82, 84, 110, 112, 114, 116, 118, 120, 
122, 124, 126, 128, 130, 132, 134, and 136, Which are 
encoded by polynucleotide sequences as shoWn in SEQ ID 
NOs:3, 19, 31, 33, 37, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 
61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 109, 111, 113, 
115,117,119,121,123,125,127,129,131,133,and135, 
respectively. 
[0033] “Zcyto24” and “Zcyto25” are the previous desig 
nations for mouse IL-28A and IL-28B, and are shoWn in 
SEQ ID NOs:7, 8, 9, 10, respectively. The polynucleotide 
and polypeptides are fully described in PCT application WO 
02/086087 commonly assigned to ZymoGenetics, Inc., 
incorporated herein by reference. 

[0034] “Zcytor19” is the previous designation for IL-28 
receptor ot-subunit, and is shoWn in SEQ ID NOs:11, 12, 13, 
14, 15, 16. The polynucleotides and polypeptides are 
described in PCT application WO 02/20569 on behalf of 
Schering, Inc., and WO 02/44209 assigned to ZymoGenet 
ics, Inc and incorporated herein by reference. “IL-28 recep 
tor” denotes the IL-28 ot-subunit and CRF2-4 subunit form 
ing a heterodimeric receptor. 
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[0035] In one aspect, the present invention provides meth 
ods for treating viral infections comprising administering to 
a mammal With a viral infection a therapeutically effective 
amount of a polypeptide comprising an amino acid sequence 
that has at least 95% identity to amino acid residues of SEQ 
ID NO:l34, Wherein after administration of the polypeptide 
the viral infection level is reduced. In other embodiments, 
the methods comprise administering a polypeptide compris 
ing an amino acid sequence selected from the group of SEQ 
ID NOs:2, 4, 6, 18, 20, 22, 24, 26, 28, 30, 32, 34, 38, 40, 42, 
44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 
76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 110, 112, 
114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, and 
136. The polypeptide may optionally comprise at least 15, at 
least 30, at least 45, or at least 60 sequential amino acids of 
an amino acid sequence selected from the group of SEQ ID 
NOs:2, 4, 6, 18, 20, 22, 24, 26, 28, 30, 32, 34, 38, 40, 42, 
44,46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 
76,78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 110, 112, 
114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, and 
136. In another aspect, the viral infection can optionally 
cause liver in?ammation, Wherein administering a therapeu 
tically effective amount of a polypeptide reduces the liver 
in?ammation. In other embodiments, the polypeptide is 
conjugated to a polyalkyl oxide moiety, such as polyethylene 
glycol (PEG), or F6, or human albumin. The PEG may be 
N-terminally conjugated to the polypeptide and may com 
prise, for instance, a 20 kD or 30 kD monomethoxy-PEG 
propionaldehyde. In another embodiment, a reduction in the 
viral infection level is measured as a decrease in viral load, 
an increase in antiviral antibodies, a decrease in serological 
levels of alanine aminotransferase or histological improve 
ment. In another embodiment, the mammal is a human. In 
another embodiment, the present invention provides that the 
viral infection is a hepatitis B viral infection and/or a 
hepatitis C viral infection. In another embodiment, the 
polypeptide may be given prior to, concurrent With, or 
subsequent to, at least one additional antiviral agent selected 
from the group of Interferon alpha, Interferon beta, Inter 
feron gamma, Interferon omega, protease inhibitor, RNA or 
DNA polymerase inhibitor, nucleoside analog, antisense 
inhibitor, and combinations thereof. The polypeptide may be 
administered intravenously, intraperitoneally, intrathecally, 
intramuscularly, subcutaneously, orally, intranasally, or by 
inhalation. 

[0036] In one aspect, the present invention provides meth 
ods for treating viral infections comprising administering to 
a mammal With a viral infection a therapeutically effective 
amount of a composition comprising a polypeptide com 
prising an amino acid sequence that has at least 95% identity 
to amino acid residues of SEQ ID NO:l34, and a pharma 
ceutically acceptable vehicle, Wherein after administration 
of the composition the viral infection level is reduced. In 
other embodiments, the methods comprise administering 
composition comprising the polypeptide comprising an 
amino acid sequence as shoWn in SEQ ID NOs:2, 4, 6, 18, 
20,22, 24, 26, 28, 30, 32, 34, 38, 40, 42, 44, 46, 48, 50, 52, 
54, 56, 58, 60, 62, 64, 66, 68,70, 72, 74, 76, 78, 80, 82, 84, 
86,88, 90, 92, 94, 96, 98, 100, 110, 112, 114, 116, 118, 120, 
122, 124, 126, 128, 130, 132, 134, and/or 136. The polypep 
tide may optionally comprise at least 15, at least 30, at least 
45, or at least 60 sequential amino acids of an amino acid 
sequence as shoWn in SEQ ID NOs:2, 4, 6, 18, 20, 22, 24, 
26,28, 30, 32, 34, 38, 40, 42, 44, 46,48, 50, 52, 54, 56, 58, 
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60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 
92, 94, 96, 98, 100, 110, 112, 114, 116, 118, 120, 122, 124, 
126, 128, 130, 132, 134, and/or 136. In other embodiments, 
the polypeptide is conjugated to a polyalkyl oxide moiety, 
such as PEG, or F6, or human albumin. The PEG may be 
N-terminally conjugated to the polypeptide and may com 
prise, for instance, a 20 kD or 30 kD monomethoxy-PEG 
propionaldehyde. In another embodiment, a reduction in the 
viral infection level is measured as a decrease in viral load, 
an increase in antiviral antibodies, a decrease in serological 
levels of alanine aminotransferase or histological improve 
ment. In another embodiment, the mammal is a human. In 
another embodiment, the present invention provides that the 
viral infection is a hepatitis B virus infection or a hepatitis 
C virus infection. In another embodiment, the composition 
may further include or, be given prior to or, be given 
concurrent With, or be given subsequent to, at least one 
additional antiviral agent selected from the group of Inter 
feron alpha, Interferon beta, Interferon gamma, Interferon 
omega, protease inhibitor, RNA or DNA polymerase inhibi 
tor, nucleoside analog, antisense inhibitor, and combinations 
thereof. The composition may be administered intrave 
nously, intraperitoneally, intrathecally, intramuscularly, sub 
cutaneously, orally, intranasally, or by inhalation. 

[0037] In one aspect, the present invention provides meth 
ods for treating viral infections comprising administering to 
a mammal With a viral infection causing liver in?ammation 
a therapeutically effective amount of a composition com 
prising a polypeptide comprising an amino acid sequence 
that has at least 95% identity to amino acid residues of SEQ 
ID NO:l34, and a pharmaceutically acceptable vehicle, 
Wherein after administration of the composition the viral 
infection level or liver in?ammation is reduced. In other 
embodiments, the methods comprise administering compo 
sition comprising the polypeptide comprising an amino acid 
sequence as shoWn in SEQ ID NOs:2, 4, 6, 18, 20, 22, 24, 
26, 28, 30, 32, 34, 38, 40, 42, 44, 46,48, 50, 52, 54, 56, 58, 
60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 
92, 94, 96, 98, 100, 110, 112, 114, 116, 118, 120, 122, 124, 
126, 128, 130, 132, 134, and/or 136. The polypeptide may 
optionally comprise at least 15, at least 30, at least 45, or at 
least 60 sequential amino acids of an amino acid sequence 
as shoWn in SEQ ID NOs:2, 4, 6, 18, 20, 22, 24, 26, 28, 30, 
32, 34, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 
66, 68, 70, 72, 74, 76,78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 
98, 100, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 
130, 132, 134, and/or 136. In other embodiments, the 
polypeptide is conjugated to a polyalkyl oxide moiety, such 
as PEG, or F6, or human albumin. The PEG may be 
N-terminally conjugated to the polypeptide and may com 
prise, for instance, a 20 kD or 30 kD monomethoxy-PEG 
propionaldehyde. In another embodiment, a reduction in the 
viral infection level is measured as a decrease in viral load, 
an increase in antiviral antibodies, a decrease in serological 
levels of alanine aminotransferase or histological improve 
ment. In another embodiment, the mammal is a human. In 
another embodiment, the present invention provides that the 
viral infection is a hepatitis B virus infection or a hepatitis 
C virus infection. In another embodiment, the composition 
may further include or, be given prior to or, be given 
concurrent With, or be given subsequent to, at least one 
additional antiviral agent selected from the group of Inter 
feron alpha, Interferon beta, Interferon gamma, Interferon 
omega, protease inhibitor, RNA or DNA polymerase inhibi 
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tor, nucleoside analog, antisense inhibitor, and combinations 
thereof. The composition may be administered intrave 
nously, intraperitoneally, intrathecally, intramuscularly, sub 
cutaneously, orally, intranasally, or by inhalation. 
[0038] In another aspect, the present invention provides 
methods for treating liver in?ammation comprising admin 
istering to a mammal in need thereof a therapeutically 
effective amount of a polypeptide comprising an amino acid 
sequence that has at least 95% identity to amino acid 
residues of SEQ ID NO:l34, Wherein after administration of 
the polypeptide the liver in?ammation is reduced. In one 
embodiment, the invention provides that the polypeptide 
comprises an amino acid sequence as shoWn in SEQ ID 
NOs:2, 4, 6, 18, 20, 22, 24, 26, 28, 30, 32, 34, 38, 40, 42, 
44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 
76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 110, 112, 
114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, and/or 
136. The polypeptide may optionally comprise at least 15, at 
least 30, at least 45, or at least 60 sequential amino acids of 
an amino acid sequence as shoWn in SEQ ID NOs:2, 4, 6, 18, 
20, 22, 24, 26, 28, 30, 32, 34, 38, 40, 42, 44, 46, 48, 50, 52, 
54, 56, 58, 60, 62, 64, 66, 68,70, 72, 74, 76, 78, 80, 82, 84, 
86,88, 90, 92, 94, 96, 98, 100, 110, 112, 114, 116, 118, 120, 
122, 124, 126, 128, 130, 132, 134, and/or 136. In another 
embodiment, the polypeptide is conjugated to a polyalkyl 
oxide moiety, such as PEG, or human albumin, or F6. The 
PEG may be N-terminally conjugated to the polypeptide and 
may comprise, for instance, a 20 kD or 30 kD 
monomethoxy-PEG propionaldehyde. In another embodi 
ment, the present invention provides that the reduction in the 
liver in?ammation is measured as a decrease in serological 
level of alanine aminotransferase or histological improve 
ment. In another embodiment, the mammal is a human. In 
another embodiment, the liver in?ammation is associated 
With a hepatitis C viral infection or a hepatitis B viral 
infection. In another embodiment, the polypeptide may be 
given prior to, concurrent With, or subsequent to, at least one 
additional antiviral agent selected from the group of Inter 
feron alpha, Interferon beta, Interferon gamma, Interferon 
omega, protease inhibitor, RNA or DNA polymerase inhibi 
tor, nucleoside analog, antisense inhibitor, and combinations 
thereof. The polypeptide may be administered intravenously, 
intraperitoneally, intrathecally, intramuscularly, subcutane 
ously, orally, intranasally, or by inhalation. 
[0039] In another aspect, the present invention provides 
methods for treating liver in?ammation comprising admin 
istering to a mammal in need thereof a therapeutically 
effective amount of a composition comprising a polypeptide 
comprising an amino acid sequence that has at least 95% 
identity to amino acid residues of SEQ ID NO:l34, Wherein 
after administration of the polypeptide the liver in?amma 
tion is reduced. In one embodiment, the invention provides 
that the polypeptide comprises an amino acid sequence as 
shoWn in SEQ ID NOs:2, 4, 6, 18, 20, 22, 24, 26, 28, 30, 32, 
34,38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 
68,70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 
100, 110, 112, 114, 116, 118, 120, 122, 124,126,128, 130, 
132, 134, and/or 136. The polypeptide may optionally 
comprise at least 15, at least 30, at least 45, or at least 60 
sequential amino acids of an amino acid sequence as shoWn 

in SEQ ID NOs:2, 4, 6, 18, 20, 22, 24, 26, 28,30, 32, 34,38, 
40,42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68,70, 
72,74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 110, 
112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 

Mar. 27, 2008 

and/or 136. In another embodiment, the polypeptide is 
conjugated to a polyalkyl oxide moiety, such as PEG, or 
human albumin, or F6. The PEG may be N-terminally 
conjugated to the polypeptide and may comprise, for 
instance, a 20 kD or 30 kD monomethoxy-PEG propional 
dehyde. In another embodiment, the present invention pro 
vides that the reduction in the liver in?ammation is mea 
sured as a decrease in serological level of alanine 
aminotransferase or histological improvement. In another 
embodiment, the mammal is a human. In another embodi 
ment, the liver in?ammation is associated With a hepatitis C 
virus infection or a hepatitis B virus infection. In another 
embodiment, the composition may further include or, be 
given prior to or, be given concurrent With, or be given 
subsequent to, at least one additional antiviral agent selected 
from the group of Interferon alpha, Interferon beta, Inter 
feron gamma, Interferon omega, protease inhibitor, RNA or 
DNA polymerase inhibitor, nucleoside analog, antisense 
inhibitor, and combinations thereof. The composition may 
be administered intravenously, intraperitoneally, intrathe 
cally, intramuscularly, subcutaneously, orally, intranasally, 
or by inhalation. 

[0040] In another aspect, the present invention provides 
methods of treating a viral infection comprising administer 
ing to an immunocompromised mammal With an viral 
infection a therapeutically effective amount of a polypeptide 
comprising an amino acid sequence that has at least 95% 
identity to amino acid residues of SEQ ID NO: 134, Wherein 
after administration of the polypeptide the viral infection is 
reduced. In another embodiment, the polypeptide comprises 
an amino acid sequence as shoWn in SEQ ID NOs:2, 4, 6, 18, 
20, 22, 24, 26, 28, 30, 32, 34, 38, 40, 42, 44, 46, 48, 50, 52, 
54, 56, 58, 60, 62, 64, 66, 68,70, 72, 74, 76, 78, 80, 82, 84, 
86,88,90,92,94,96,98, 100,110,112, 114, 116,118,120, 
122, 124, 126, 128, 130, 132, 134, and/or 136. The polypep 
tide may optionally comprise at least 15, at least 30, at least 
45, or at least 60 sequential amino acids of an amino acid 
sequence as shoWn in SEQ ID NOs:2, 4, 6, 18, 20, 22, 24, 
26, 28, 30, 32, 34, 38, 40, 42, 44, 46,48, 50, 52, 54, 56, 58, 
60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 
92, 94, 96, 98, 100, 110, 112, 114, 116, 118, 120, 122, 124, 
126, 128, 130, 132, 134, and/or 136. In another embodiment, 
the polypeptide is conjugated to a polyalkyl oxide moiety, 
such as PEG, or human albumin, or F6. The PEG may be 
N-terminally conjugated to the polypeptide and may com 
prise, for instance, a 20 kD or 30 kD monomethoxy-PEG 
propionaldehyde. In another embodiment, a reduction in the 
viral infection level is measured as a decrease in viral load, 
an increase in antiviral antibodies, a decrease in serological 
levels of alanine aminotransferase or histological improve 
ment. In another embodiment, the mammal is a human. In 
another embodiment, the present invention provides that the 
viral infection is a hepatitis B virus infection or a hepatitis 
C virus infection. In another embodiment, the polypeptide 
may be given prior to, concurrent With, or subsequent to, at 
least one additional antiviral agent selected from the group 
of Interferon alpha, Interferon beta, Interferon gamma, Inter 
feron omega, protease inhibitor, RNA or DNA polymerase 
inhibitor, nucleoside analog, antisense inhibitor, and com 
binations thereof. The polypeptide may be administered 
intravenously, intraperitoneally, intrathecally, intramuscu 
larly, subcutaneously, orally, intranasally, or by inhalation. 
[0041] In another aspect, the present invention provides 
methods of treating liver in?ammation comprising admin 
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istering to an immunocompromised mammal With liver 
in?ammation a therapeutically effective amount of a 
polypeptide comprising an amino acid sequence that has at 
least 95% identity to amino acid residues of SEQ ID 
NO: 134, Wherein after administration of the polypeptide the 
liver in?ammation is reduced. In another embodiment, the 
polypeptide comprises an amino acid sequence as shoWn in 
SEQ ID NOs:2, 4, 6, 18, 20, 22, 24, 26, 28, 30, 32, 34, 38, 
40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 
72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 110, 
112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 
and/or 136. The polypeptide may optionally comprise at 
least 15, at least 30, at least 45, or at least 60 sequential 
amino acids of an amino acid sequence as shoWn in SEQ ID 
NOs:2, 4, 6, 18, 20, 22, 24, 26, 28, 30, 32, 34, 38, 40, 42, 
44,46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 
76,78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 110, 112, 
114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, and/or 
136. In another embodiment, the polypeptide is conjugated 
to a polyalkyl oxide moiety, such as PEG, or human albu 
min, or F6. The PEG may be N-terminally conjugated to the 
polypeptide and may comprise, for instance, a 20 kD or 30 
kD monomethoxy-PEG propionaldehyde. In another 
embodiment, a reduction in the liver in?ammation level is 
measured as a decrease in serological levels of alanine 
aminotransferase or histological improvement. In another 
embodiment, the mammal is a human. In another embodi 
ment, the present invention provides that the viral infection 
is a hepatitis B virus infection or a hepatitis C virus 
infection. In another embodiment, the mammal is a human. 
In another embodiment, the present invention provides that 
the viral infection is a hepatitis B virus infection or a 
hepatitis C virus infection. In another embodiment, the 
polypeptide may be given prior to, concurrent With, or 
subsequent to, at least one additional antiviral agent selected 
from the group of Interferon alpha, Interferon beta, Inter 
feron gamma, Interferon omega, protease inhibitor, RNA or 
DNA polymerase inhibitor, nucleoside analog, antisense 
inhibitor, and combinations thereof. The polypeptide may be 
administered intravenously, intraperitoneally, intrathecally, 
intramuscularly, subcutaneously, orally, intranasally, or by 
inhalation. 

[0042] The discovery of a neW family of interferon-like 
molecules Was previously described in PCT applications, 
PCT/US0l/2l087 and PCT/US02/ 12887, and Sheppard et 
al., Nature Immunol. 4:63-68, 2003; US. Patent Application 
Ser. Nos. 60/493,l94 and 60/55l,84l; all incorporated by 
reference herein. This neW family includes molecules des 
ignated Zcyto20, Zcyto2l, Zcyto22, Zcyto24, Zcyto25, Where 
Zcyto20, 21, and 22 are human sequences, and Zcyto24 and 
25 are mouse sequences. HUGO designations have been 
assigned to the interferon-like proteins. Zcyto20 has been 
designated IL-28A, Zycto22 has been designated IL-28B, 
Zycto2l has been designated IL-29. Kotenko et al., Nature 
Immunol. 4:69-77, 2003, have identi?ed IL-28A as IFN7t2, 
IL-28B as IFN7t3, and IL-29 as IFNM. The receptor for 
these proteins, originally designated Zcytorl9 (SEQ ID 
NOs: 11 and 12), has been designated as IL-28RA by HUGO. 
When referring to “IL-28”, the term shall mean both IL-28A 
and IL-28B. 

[0043] The present invention provides methods for using 
IL-28 and IL-29 as an antiviral agent in a broad spectrum of 
viral infections. In certain embodiments, the methods 
include using IL-28 and IL-29 in viral infections that are 
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speci?c for liver, such as hepatitis. Furthermore, data indi 
cate that IL-28 and IL-29 exhibit these antiviral activities 
Without some of the toxicities associated With the use of IFN 
therapy for viral infection. One of the toxicities related to 
type I interferon therapy is myelosuppression. This is due to 
type I interferons suppression of bone marroW progenitor 
cells. Because IL-29 does not signi?cantly suppress bone 
marroW cell expansion or B cell proliferation as is seen With 
IFN-ot, IL-29 Will have less toxicity associated With treat 
ment. Similar results Would be expected With IL-28A and 
IL-28B. 

[0044] IFN-ot may be contraindicated in some patients, 
particularly When doses su?icient for efficacy have some 
toxicity or myelosuppressive effects. Examples of patients 
for Which IFN is contraindicated can include (1) patients 
given previous immunosuppressive medication, (2) patients 
With HIV or hemophilia, (3) patients Who are pregnant, (4) 
patients With a cytopenia, such as leukocyte de?ciency, 
neutropenia, thrombocytopenia, and (5) patients exhibiting 
increased levels of serum liver enZymes. Moreover, IFN 
therapy is associated With symptoms that are characterized 
by nausea, vomiting, diarrhea and anorexia. The result being 
that some populations of patients Will not tolerate IFN 
therapy, and IL-28A, IL-28B, and IL-29 can provide an 
alternative therapy for some of those patients. 

[0045] The methods of the present invention comprise 
administering a therapeutically effective amount of an 
IL-28A, IL-28B, and/or IL-29 polypeptide of the present 
invention that have retained some biological activity asso 
ciated With IL-28A, IL-28B or IL-29, alone or in combina 
tion With other biologics or pharmaceuticals. The present 
invention provides methods of treating a mammal With a 
chronic or acute viral infection, causing liver in?ammation, 
thereby reducing the viral infection or liver in?ammation. In 
another aspect, the present invention provides methods of 
treating liver speci?c diseases, in particular liver disease 
Where viral infection is in part an etiologic agent. These 
methods are based on the discovery that IL-28 and IL-29 
have antiviral activity on hepatic cells. 

[0046] As stated above, the methods of the present inven 
tion provide administering a therapeutically effective 
amount of an IL-28A, IL-28B, and/or IL-29 polypeptide of 
the present invention that have retained some biological 
activity associated With IL-28A, IL-28B or IL-29, alone or 
in combination With other biologics or pharmaceuticals. The 
present invention provides methods of treatment of a mam 
mal With a viral infection selected from the group consisting 
of hepatitis A, hepatitis B, hepatitis C, and hepatitis D. Other 
aspects of the present invention provide methods for using 
IL-28 or IL-29 as an antiviral agent in viral infections 
selected from the group consisting of respiratory syncytial 
virus, herpes virus, Epstein-Barr virus, norovirus, in?uenZa 
virus, adenovirus, parain?uenZa virus, rhino virus, cox 
sackie virus, vaccinia virus, West nile virus, severe acute 
respiratory syndrome, dengue virus, Venezuelan equine 
encephalitis virus, pichinde virus and polio virus. In certain 
embodiments, the mammal can have either a chronic or 
acute viral infection. 

[0047] In another aspect, the methods of the present inven 
tion also include a method of treating a viral infection 
comprising administering a therapeutically effective amount 
of IL-28A, IL-28B, and/or IL-29 polypeptide of the present 
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invention that have retained some biological activity asso 
ciated With IL-28A, IL-28B or IL-29, alone or in combina 
tion With other biologics or pharmaceuticals, to an immu 
nompromised mammal With a viral infection, thereby 
reducing the viral infection, such as is described above. All 
of the above methods of the present invention can also 
comprise the administration of Zcyto24 or Zcyto25 as Well. 

[0048] IL-28 and IL-29 are knoWn to have an odd number 
of cysteines (PCT application W0 02/086087 and Sheppard 
et al., supra.) Expression of recombinant IL-28 and IL-29 
can result in a heterogeneous mixture of proteins composed 
of intramolecular disul?de bonding in multiple conforma 
tions. The separation of these forms can be dif?cult and 
laborious. It is therefore desirable to provide IL-28 and 
IL-29 molecules having a single intramolecular disul?de 
bonding pattern upon expression and methods for refolding 
and purifying these preparations to maintain homogeneity. 
Thus, the present invention provides for compositions and 
methods to produce homogeneous preparations of IL-28 and 
IL-29. 

[0049] The present invention provides polynucleotide 
molecules, including DNA and RNA molecules, that encode 
Cysteine mutants of IL-28 and IL-29 that result in expres 
sion of a recombinant IL-28 or IL-29 preparation that is a 
homogeneous preparation. For the purposes of this inven 
tion, a homogeneous preparation of IL-28 and IL-29 is a 
preparation in Which comprises at least 98% of a single 
intramolecular disul?de bonding pattern in the puri?ed 
polypeptide. In other embodiments, the single disul?de 
conformation in a preparation of puri?ed polypeptide is at 
99% homogeneous. In general, these Cysteine mutants Will 
maintain some biological activity of the Wildtype IL-28 or 
IL-29, as described herein. For example, the molecules of 
the present invention can bind to the IL-28 receptor With 
some speci?city. Generally, a ligand binding to its cognate 
receptor is speci?c When the KD falls Within the range of 100 
nM to 100 pM. Speci?c binding in the range of 100 mM to 
10 nM KD is loW af?nity binding. Speci?c binding in the 
range of 2.5 pM to 100 pM KD is high af?nity binding. In 
another example, biological activity of IL-28 or IL-29 
Cysteine mutants is present When the molecules are capable 
of some level of antiviral activity associated With Wildtype 
IL-28 or IL-29. Determination of the level of antiviral 
activity is described in detail herein. 

[0050] An IL-28A gene encodes a polypeptide of 200 
amino acids, as shoWn in SEQ ID N012. The signal 
sequence for IL-28A comprises amino acid residue 1 (Met) 
through amino acid residue 21 (Ala) of SEQ ID N012. The 
mature peptide for IL-28A begins at amino acid residue 22 
(Val). A variant IL-28A gene encodes a polypeptide of 200 
amino acids, as shoWn in SEQ ID N01 18. The signal 
sequence for IL-28A can be predicted as comprising amino 
acid residue-25 (Met) through amino acid residue-1 (Ala) of 
SEQ ID N0118. The mature peptide for IL-28A begins at 
amino acid residue 1 (Val). IL-28A helices are predicted as 
follow: helix A is de?ned by amino acid residues 31 (Ala) to 
45 (Leu); helix B by amino acid residues 58 (Thr) to 65 
(Gln); helix C by amino acid residues 69 (Arg) to 86 (Ala); 
helix D by amino acid residues 95 (Val) to 114 (Ala); helix 
E by amino acid residues 126 (Thr) to 142 (Lys); and helix 
F by amino acid residues 148 (Cys) to 169 (Ala); as shoWn 
in SEQ ID N0118. When a polynucleotide sequence encod 
ing the mature polypeptide is expressed in a prokaryotic 
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system, such as E. coli, a secretory signal sequence may not 
be required and an N-terminal Met may be present, resulting 
in expression of a polypeptide such as, for instance, as 
shoWn in SEQ ID N0136. 

[0051] IL-28A polypeptides of the present invention also 
include a mutation at the second cysteine, C2, of the mature 
polypeptide. For example, C2 from the N-terminus of the 
polypeptide of SEQ ID N0118 is the cysteine at amino acid 
position 48 (position 49, additional N-terminal Met, if 
expressed inE coli, see, for example, SEQ ID N0136). This 
second cysteine (of Which there are seven, like IL-28B) or 
C2 of IL-28A can be mutated, for example, to a serine, 
alanine, threonine, valine, or asparagine. IL-28A C2 mutant 
molecules of the present invention include, for example, 
polynucleotide molecules as shoWn in SEQ ID N0s123 and 
25, including DNA and RNA molecules, that encode IL-28A 
C2 mutant polypeptides as shoWn in SEQ ID N0s124 and 
26, respectively. 

[0052] In addition to the IL-28A C2 mutants, the present 
invention also includes IL-28A polypeptides comprising a 
mutation at the third cysteine position, C3, of the mature 
polypeptide. For example, C3 from the N-terminus of the 
polypeptide of SEQ ID N0118, is the cysteine at position 50, 
(position 51, additional N-terminal Met, if expressed in E 
coli, see, for example, SEQ ID N0136). IL-28A C3 mutant 
molecules of the present invention include, for example, 
polynucleotide molecules as shoWn in SEQ ID N0s127 and 
29, including DNA and RNA molecules, that encode IL-28A 
C3 mutant polypeptides as shoWn in SEQ ID N0s128 and 
30, respectively (PCT publication W0 03/066002 (Kotenko 
et al.)). 

[0053] The IL-28A polypeptides of the present invention 
include, for example, SEQ ID N0s12, 18, 24, 26, 28, 30, 36, 
and biologically active mutants, fusions, variants and frag 
ments thereof Which are encoded by IL-28A polynucleotide 
molecules as shoWn in SEQ ID N0s11, 17, 23, 25, 27, 29, 
and 35, respectively. 

[0054] An IL-29 gene encodes a polypeptide of200 amino 
acids, as shoWn in SEQ ID N014. The signal sequence for 
IL-29 comprises amino acid residue 1 (Met) through amino 
acid residue 19 (Ala) of SEQ ID N014. The mature peptide 
for IL-29 begins at amino acid residue 20 (Gly). IL-29 has 
been described in published PCT application W0 02/02627. 
A variant IL-29 gene encodes a polypeptide of 200 amino 
acids, as shoWn in, for example, SEQ ID N0120, Where 
amino acid residue 188 (or amino acid residue 169 of the 
mature polypeptide Which begins from amino acid residue 
20 (Gly)) is Asn instead of Asp. The present invention also 
provides a variant IL-29 gene Wherein the mature polypep 
tide has a Thr at amino acid residue 10 substituted With a 

Pro, such as, for instance, SEQ ID N0s154, 56, 58, 60, 62, 
64, 66, and 68, Which are encoded by the polynucleotide 
sequences as shoWn in SEQ ID N0s153, 55, 57, 59, 61, 63, 
65, and 67, respectively. The present invention also provides 
a variant IL-29 gene Wherein the mature polypeptide has a 
Gly at amino acid residue 18 substituted With an Asp, such 
as, for instance, SEQ ID N0s170, 72, 74, 76, 78, 80, 82, and 
84, Which are encoded by the polynucleotide sequences as 
shoWn in SEQ ID N0s169, 71, 73, 75, 77, 79, 81, and 83, 
respectively. The signal sequence for IL-29 can be predicted 
as comprising amino acid residue-19 (Met) through amino 
acid residue-1 (Ala) of SEQ ID N0120. The mature peptide 
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for IL-29 begins at amino acid residue 1 (Gly) of SEQ ID 
NO:20. IL-29 has been described in PCT application WO 
02/02627. IL-29 helices are predicted as follows: helix A is 
de?ned by amino acid residues 30 (Ser) to 44 (Leu); helix B 
by amino acid residues 57 (Asn) to 65 (Val); helix C by 
amino acid residues 70 (Val) to 85 (Ala); helix D by amino 
acid residues 92 (Glu) to 114 (Gln); helix E by amino acid 
residues 118 (Thr) to 139 (Lys); and helix F by amino acid 
residues 144 (Gly) to 170 (Leu); as shown in SEQ ID 
NO:20. When a polynucleotide sequence encoding the 
mature polypeptide is expressed in a prokaryotic system, 
such as E. coli, a secretory signal sequence may not be 
required and an N-terminal Met may be present, resulting in 
expression of an IL-29 polypeptide such as, for instance, as 
shoWn in SEQ ID NO:38. 

[0055] IL-29 polypeptides of the present invention also 
include a mutation at the ?fth cysteine, C5, of the mature 
polypeptide. For example, C5 from the N-terminus of the 
polypeptide of SEQ ID NO:20, is the cysteine at position 
171, or position 172 (additional N-terminal Met) if 
expressed in E. coli. (see, for example, SEQ ID NO:38). This 
?fth cysteine or C5 of IL-29 can be mutated, for example, to 
a serine, alanine, threonine, valine, or asparagine. These 
IL-29 C5 mutant polypeptides have a disul?de bond pattern 
of C1(Cys15 of SEQ ID NO:20)/C3(Cys112 of SEQ ID 
NO:20) and C2(Cys49 of SEQ ID NO:20)/C4(Cys145 of 
SEQ ID NO:20). IL-29 C5 mutant molecules of the present 
invention include, for example, polynucleotide molecules as 
shoWn in SEQ ID NOs:31, 33, 49, 51, 109, 111, 113, 115, 
117, 119, 121, 123, 125, 127, 129, 131, 133, and 135, 
including DNA and RNA molecules, that encode IL-29 C5 
mutant polypeptides as shoWn in SEQ ID NOs:32, 34, 50, 
52, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 
132, 134, and 136, respectively. Additional IL-29 C5 mutant 
molecules of the present invention include polynucleotide 
molecules as shoWn in SEQ ID NOs:53, 55, 61, and 63, 
including DNA and RNA molecules, that encode IL-29 C5 
mutant polypeptides as shoWn in SEQ ID NOs:54, 55, 62, 
and 64, respectively (PCT publication WO 03/066002 
(Kotenko et al.)). Additional, IL-29 C5 mutant molecules of 
the present invention include polynucleotide molecules as 
shoWn in SEQ ID NOs:69, 71, 77, and 79, including DNA 
and RNA molecules, that encode IL-29 C5 mutant polypep 
tides as shoWn in SEQ ID NOs:70, 72, 78, and 80, respec 
tively (PCT publication WO 02/092762 (Baum et al.)). 
[0056] In addition to the IL-29 C5 mutants, the present 
invention also includes IL-29 polypeptides comprising a 
mutation at the ?rst cysteine position, C1, of the mature 
polypeptide. For example, C1 from the N-terminus of the 
polypeptide of SEQ ID NO:20, is the cysteine at position 15, 
or position 16 (additional N-terminal Met) if expressed in E. 
coli (see, for example, SEQ ID NO:38). This ?rst cysteine or 
C1 of IL-29 can be mutated, for example, to a serine, 
alanine, threonine, valine, or asparagines. These IL-29 C1 
mutant polypeptides Will thus have a predicted disul?de 
bond pattern of C2(Cys49 of SEQ ID NO:20)/C4(Cys145 of 
SEQ ID NO:20) and C3(Cys112 of SEQ ID NO:20)/ 
C5(Cys171 of SEQ ID NO:20). Additional IL-29 C1 mutant 
molecules of the present invention include polynucleotide 
molecules as shoWn in SEQ ID NOs:41, 43, 45, and 47, 
including DNA and RNA molecules, that encode IL-29 C1 
mutant polypeptides as shoWn in SEQ ID NOs:42, 44, 46, 
and 48, respectively. Additional IL-29 C1 mutant molecules 
of the present invention include polynucleotide molecules as 
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shoWn in SEQ ID NOs:57, 59, 65, and 67, including DNA 
and RNA molecules, that encode IL-29 C1 mutant polypep 
tides as shoWn in SEQ ID NOs:58, 60, 66, and 68, respec 
tively (PCT publication WO 03/066002 (Kotenko et al.)). 
Additional, IL-29 C1 mutant molecules of the present inven 
tion include polynucleotide molecules as shoWn in SEQ ID 
NOs:73, 75, 81, and 83, including DNA and RNA mol 
ecules, that encode IL-29 C1 mutant polypeptides as shoWn 
in SEQ ID NOs:74, 76, 82, and 84, respectively (PCT 
publication WO 02/092762 (Baum et al.)). 

[0057] The IL-29 polypeptides of the present invention 
include, for example, SEQ ID NOs:4, 20, 32, 34, 38, 42, 44, 
46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68,70, 72, 74, 76, 
78,80,82,84,110,112,114,116,118,120,122,124,126, 
128, 130, 132, 134, 136, and biologically active mutants, 
fusions, variants and fragments thereof Which are encoded 
by IL-29 polynucleotide molecules as shoWn in SEQ ID 
NOs:3, 19, 31, 33, 37, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 
61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 109, 111, 113, 
115,117,119,121,123,125,127,129,131,133,and135, 
respectively, may further include a signal sequence as shoWn 
in SEQ ID NOs:102, 104, 106, or 108. A polynucleotide 
molecule encoding the signal sequence polypeptides of SEQ 
ID NOs:102, 104, 106, and 108 are are shoWn as SEQ ID 
NOs:101, 103, 105, and 107, respectively. 

[0058] An IL-28B gene encodes a polypeptide of 205 
amino acids, as shoWn in SEQ ID NO:6. The signal 
sequence for IL-28B comprises amino acid residue 1 (Met) 
through amino acid residue 21 (Ala) of SEQ ID NO:6. The 
mature peptide for IL-28B begins at amino acid residue 22 
(Val). A variant IL-28B gene encodes a polypeptide of 200 
amino acids, as shoWn in SEQ ID NO:22. The signal 
sequence for IL-28B can be predicted as comprising amino 
acid residue-25 (Met) through amino acid residue-1 (Ala) of 
SEQ ID NO:22. The mature peptide for IL-28B begins at 
amino acid residue 1 (Val) of SEQ ID NO:22. IL-28B 
helices are predicted as folloW: helix A is de?ned by amino 
acid residues 31 (Ala) to 45 (Leu); helix B by amino acid 
residues 58 (Thr) to 65 (Gln); helix C by amino acid residues 
69 (Arg) to 86 (Ala); helix D by amino acid residues 95 
(Gly) to 114 (Ala); helix E by amino acid residues 126 (Thr) 
to 142 (Lys); and helix F by amino acid residues 148 (Cys) 
to 169 (Ala); as shoWn in SEQ ID NO:22. When a poly 
nucleotide sequence encoding the mature polypeptide is 
expressed in a prokaryotic system, such as E. coli, a secre 
tory signal sequence may not be required and an N-terminal 
Met may present, resulting in expression of a polypeptide 
such as is shoWn in SEQ ID NO:40. 

[0059] IL-28B polypeptides of the present invention also 
include a mutation at the second cysteine, C2, of the mature 
polypeptide. For example, C2 from the N-terminus of the 
polypeptide of SEQ ID NO:22 is the cysteine at amino acid 
position 48, or position 49 (additional N-terminal Met) if 
expressed in E coli (see, for example, SEQ ID NO:40). This 
second cysteine (of Which there are seven, like IL-28A) or 
C2 of IL-28B can be mutated, for example, to a serine, 
alanine, threonine, valine, or asparagine. IL-28B C2 mutant 
molecules of the present invention include, for example, 
polynucleotide molecules as shoWn in SEQ ID NOs:85, and 
87, including DNA and RNA molecules, that encode IL-28B 
C2 mutant polypeptides as shoWn in SEQ ID NOs:86 and 
88, respectively. Additional IL-28B C2 mutant molecules of 
the present invention include polynucleotide molecules as 
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shown in SEQ ID NOs:93 and 95 including DNA and RNA 
molecules, that encode IL-28 C2 mutant polypeptides as 
shoWn in SEQ ID NOs:94 and 96, respectively (PCT pub 
lication WO 03/066002 (Kotenko et al.)). 

[0060] In addition to the IL-28B C2 mutants, the present 
invention also includes IL-28B polypeptides comprising a 
mutation at the third cysteine position, C3, of the mature 
polypeptide. For example, C3 from the N-terminus of the 
polypeptide of SEQ ID NO:22, is the cysteine at position 50, 
or position 51 (additional N-terminal Met) if expressed in E. 
coli (see, for example, SEQ ID NO:40). IL-28B C3 mutant 
molecules of the present invention include, for example, 
polynucleotide molecules as shoWn in SEQ ID NOs:89 and 
91, including DNA and RNA molecules, that encode IL-28B 
C3 mutant polypeptides as shoWn in SEQ ID NOs:90 and 
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amino acid residue 28 (Ala) of SEQ ID NO:10. An altema 
tive site for cleavage of the secretory signal sequence can be 
found at amino acid residue 24 (Thr). The mature polypep 
tide comprises amino acid residue 29 (Asp) to amino acid 
residue 202 (Val). 

[0064] The IL-28 and IL-29 cysteine mutant polypeptides 
of the present invention provided for the expression of a 
single-disul?de form of the IL-28 or IL-29 molecule. When 
IL-28 and IL-29 are expressed in E. coli, an N-terminal 
Methionine is present. SEQ ID NOs:26, and 34, for instance, 
shoW the amino acid residue numbering for IL-28A and 
IL-29 mutants, respectively, When the N-terminal Met is 
present. Table 1 shoWs the possible combinations of 
intramolecular disul?de bonded cysteine pairs for Wildtype 
IL-28A, IL-28B, and IL-29. 

TABLE 1 

IL-29 C15- C49- C112 
SEQ ID c112 c145 c171 
NO: 20 

Met IL-29 C15- CSO- C113 
SEQ ID c113 c145 c172 
NO: 38 

92, respectively. Additional IL-28B C3 mutant molecules of 
the present invention include polynucleotide molecules as 
shoWn in SEQ ID NOs:97 and 99 including DNA and RNA 
molecules, that encode IL-28B C3 mutant polypeptides as 
shoWn in SEQ ID NOs:98 and 100, respectively (PCT 
publication WO 03/066002 (Kotenko et al.)). 

[0061] The IL-28B polypeptides of the present invention 
include, for example, SEQ ID NOs:6, 22, 40, 86, 88, 90, 92, 
94, 96, 98, 100, and biologically active mutants, fusions, 
variants and fragments thereof Which are encoded by IL-28B 
polynucleotide molecules as shoWn in SEQ ID NOs:5, 21, 
39, 85, 87, 89, 91, 93, 95, 97, and 99, respectively. 

[0062] Zcyto24 gene encodes a polypeptide of 202 amino 
acids, as shoWn in SEQ ID NO:8. Zcyto24 secretory signal 
sequence comprises amino acid residue 1 (Met) through 
amino acid residue 28 (Ala) of SEQ ID N018. An alternative 
site for cleavage of the secretory signal sequence can be 
found at amino acid residue 24 (Thr). The mature polypep 
tide comprises amino acid residue 29 (Asp) to amino acid 
residue 202 (Val). 

[0063] Zcyto25 gene encodes a polypeptide of 202 amino 
acids, as shoWn in SEQ ID NO:10. Zcyto25 secretory signal 
sequence comprises amino acid residue 1 (Met) through 

[0065] Using methods knoWn in the art, IL-28 or IL-29 
polypeptides of the present invention can be prepared as 
monomers or multimers; glycosylated or non-glycosylated; 
pegylated or non-pegylated; fusion proteins; and may or 
may not include an initial methionine amino acid residue. 
IL-28 or IL-29 polypeptides can be conjugated to acceptable 
Water-soluble polymer moieties for use in therapy. Conju 
gation of interferons, for example, With Water-soluble poly 
mers has been shoWn to enhance the circulating half-life of 
the interferon, and to reduce the immunogenicity of the 
polypeptide (see, for example, Nieforth et al., Clin. Phar 
macol. The}: 59:636 (1996), and Monkarsh et al., Anal. 
Biochem. 247:434 (1997)). 

[0066] Suitable Water-soluble polymers include polyeth 
ylene glycol (PEG), monomethoxy-PEG, mono-(C1 
C10)alkoxy-PEG, aryloxy-PEG, poly-(N-vinyl pyrroli 
done)PEG, tresyl monomethoxy PEG, monomethoxy-PEG 
propionaldehyde, PEG propionaldehyde, bis-succinimidyl 
carbonate PEG, propylene glycol homopolymers, a polypro 
pylene oxide/ethylene oxide co-polymer, polyoxyethylated 
polyols (e.g., glycerol), monomethoxy-PEG butyraldehyde, 
PEG butyraldehyde, monomethoxy-PEG acetaldehyde, 
PEG acetaldehyde, methoxyl PEG-succinimidyl propionate, 
methoxyl PEG-succinimidyl butanoate, polyvinyl alcohol, 
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dextran, cellulose, or other carbohydrate-based polymers. 
Suitable PEG may have a molecular Weight from about 600 
to about 60,000, including, for example, 5,000, 12,000, 
20,000, 30,000, 40,000, and 50,000, Which can be linear or 
branched. A IL-28 or IL-29 conjugate can also comprise a 
mixture of such Water-soluble polymers. 

[0067] One example of an IL-28 or IL-29 conjugate com 
prises an IL-28 or IL-29 moiety and a polyalkyl oxide 
moiety attached to the N-terminus of the IL-28 or IL-29 
moiety. PEG is one suitable polyalkyl oxide. As an illustra 
tion, IL-28 or IL-29 can be modi?ed With PEG, a process 
knoWn as “PEGylation.” PEGylation of an IL-28 or IL-29 
can be carried out by any of the PEGylation reactions knoWn 
in the art (see, for example, EP 0 154 316, Delgado et al., 
Critical Reviews in Therapeutic Drug Carrier Systems 
9:249 (1992), Duncan and Sprea?co, Clin. Pharmacokinet. 
27:290 (1994), and Francis et al., Int J Hematol 68:1 
(1998)). For example, PEGylation can be performed by an 
acylation reaction or by an alkylation reaction With a reac 
tive polyethylene glycol molecule. In an alternative 
approach, IL-28 or IL-29 conjugates are formed by con 
densing activated PEG, in Which a terminal hydroxy or 
amino group of PEG has been replaced by an activated 
linker (see, for example, KarasieWicZ et al., U.S. Pat. No. 
5,382,657). 
[0068] PEGylation by acylation typically requires reacting 
an active ester derivative of PEG With an IL-28 or IL-29 
polypeptide. An example of an activated PEG ester is PEG 
esteri?ed to N-hydroxysuccinimide. As used herein, the term 
“acylation” includes the folloWing types of linkages betWeen 
IL-28 or IL-29 and a Water-soluble polymer: amide, car 
bamate, urethane, and the like. Methods for preparing 
PEGylated IL-28 or IL-29 by acylation Will typically com 
prise the steps of (a) reacting an IL-28 or IL-29 polypeptide 
With PEG (such as a reactive ester of an aldehyde derivative 
of PEG) under conditions Whereby one or more PEG groups 
attach to IL-28 or IL-29, and (b) obtaining the reaction 
product(s). Generally, the optimal reaction conditions for 
acylation reactions Will be determined based upon knoWn 
parameters and desired results. For example, the larger the 
ratio of PEG:lL-28 or IL-29, the greater the percentage of 
polyPEGylated IL-28 or IL-29 product. 

[0069] PEGylation by alkylation generally involves react 
ing a terminal aldehyde, e.g., propionaldehyde, butyralde 
hyde, acetaldehyde, and the like, derivative of PEG with 
IL-28 or IL-29 in the presence of a reducing agent. PEG 
groups are preferably attached to the polypeptide via a 

iCHZiNHZ group. 
[0070] DerivatiZation via reductive alkylation to produce a 
monoPEGylated product takes advantage of the differential 
reactivity of different types of primary amino groups avail 
able for derivatiZation. Typically, the reaction is performed 
at a pH that alloWs one to take advantage of the pKa 
differences betWeen the e-amino groups of the lysine resi 
dues and the ot-amino group of the N-terminal residue of the 
protein. By such selective derivatiZation, attachment of a 
Water-soluble polymer that contains a reactive group such as 
an aldehyde, to a protein is controlled. The conjugation With 
the polymer occurs predominantly at the N-terminus of the 
protein Without signi?cant modi?cation of other reactive 
groups such as the lysine side chain amino groups. 

[0071] Reductive alkylation to produce a substantially 
homogenous population of monopolymer IL-28 or IL-29 
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conjugate molecule can comprise the steps of: (a) reacting 
an IL-28 or IL-29 polypeptide With a reactive PEG under 
reductive alkylation conditions at a pH suitable to permit 
selective modi?cation of the ot-amino group at the amino 
terminus of the IL-28 or IL-29, and (b) obtaining the 
reaction product(s). The reducing agent used for reductive 
alkylation should be stable in aqueous solution and prefer 
ably be able to reduce only the Schilf base formed in the 
initial process of reductive alkylation. Preferred reducing 
agents include sodium borohydride, sodium cyanoborohy 
dride, dimethylamine borane, trimethylamine borane, and 
pyridine borane. 

[0072] For a substantially homogenous population of 
monopolymer IL-28 or IL-29 conjugates, the reductive 
alkylation reaction conditions are those that permit the 
selective attachment of the Water-soluble polymer moiety to 
the N-terminus of IL-28 or IL-29. Such reaction conditions 
generally provide for pKa differences betWeen the lysine 
amino groups and the ot-amino group at the N-terminus. The 
pH also affects the ratio of polymer to protein to be used. In 
general, if the pH is loWer, a larger excess of polymer to 
protein Will be desired because the less reactive the N-ter 
minal ot-group, the more polymer is needed to achieve 
optimal conditions. If the pH is higher, the polymer: IL-28 
or IL-29 need not be as large because more reactive groups 
are available. Typically, the pH Will fall Within the range of 
3-9, or 3-6. Another factor to consider is the molecular 
Weight of the Water-soluble polymer. Generally, the higher 
the molecular Weight of the polymer, the feWer number of 
polymer molecules Which may be attached to the protein. 
For PEGylation reactions, the typical molecular Weight is 
about 2 kDa to about 100 kDa, about 5 kDa to about 50 kDa, 
or about 12 kDa to about 40 kDa. The molar ratio of 
Water-soluble polymer to IL-28 or IL-29 Will generally be in 
the range of 1:1 to 100:1. Typically, the molar ratio of 
Water-soluble polymer to IL-28 or IL-29 Will be 1:1 to 20:1 
for polyPEGylation, and 1:1 to 5:1 for monoPEGylation. 

[0073] General methods for producing conjugates com 
prising interferon and Water-soluble polymer moieties are 
knoWn in the art. See, for example, KarasieWicZ et al., U.S. 
Pat. No. 5,382,657, GreenWald et al., U.S. Pat. No. 5,738, 
846, Nieforth et al., Clin. Pharmacol. The}: 59:636 (1996), 
Monkarsh et al., Anal. Biochem. 247:434 (1997). PEGylated 
species can be separated from unconjugated IL-28 or IL-29 
polypeptides using standard puri?cation methods, such as 
dialysis, ultra?ltration, ion exchange chromatography, a?in 
ity chromatography, siZe exclusion chromatography, and the 
like. 

[0074] The IL-28 or IL-29 polypeptides of the present 
invention are capable of speci?cally binding the lL-28 
receptor and/or acting as an antiviral agent. The binding of 
IL-28 or 11-29 polypeptides to the lL-28 receptor can be 
assayed using established approaches. IL-28 or IL-29 
polypeptides can be iodinated using an iodobead (Pierce, 
Rockford, 111.) according to manufacturer’s directions, and 
the 125l-lL-28 or 125l-lL-29 can then be used as described 
beloW. 

[0075] In a ?rst approach ?fty nanograms of 125l-lL-28 or 
125l-lL-29 can be combined With 1000 ng of IL-28 receptor 
human IgG fusion protein, in the presence or absence of 
possible binding competitors including unlabeled cysteine 
mutant lL-28, cysteine mutant IL-29, IL-28, or IL-29. The 
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same binding reactions Would also be performed substituting 
other cytokine receptor human IgG fusions as controls for 
speci?city. Following incubation at 4° C., protein-G 
(Zymed, San Francisco, Calif.) is added to the reaction, to 
capture the receptor-IgG fusions and any proteins bound to 
them, and the reactions are incubated another hour at 4° C. 
The protein-G sepharose is then collected, Washed three 
times With PBS and 125I-IL-28 or 125I-IL-29 bound is 
measure by gamma counter (Packard Instruments, DoWners 
Grove, Ill.). 

[0076] In a second approach, the ability of molecules to 
inhibit the binding of 125I-IL-28 or 125I-IL-29 to plate bound 
receptors can be assayed. A fragment of the IL-28 receptor, 
representing the extracellular, ligand binding domain, can be 
adsorbed to the Wells of a 96 Well plate by incubating 100 
pl of 1 g/mL solution of receptor in the plate overnight. In 
a second form, a receptor-human IgG fusion can be bound 
to the Wells of a 96 Well plate that has been coated With an 
antibody directed against the human IgG portion of the 
fusion protein. Following coating of the plate With receptor 
the plate is Washed, blocked With SUPERBLOCK (Pierce, 
Rockford, Ill.) and Washed again. Solutions containing a 
?xed concentration of 125I-IL-28 or 125I-IL-29 With or 
Without increasing concentrations of potential binding com 
petitors including, Cysteine mutant IL-28, cysteine mutant 
IL-29, IL-28 and IL-29, and 100 pl of the solution added to 
appropriate Wells of the plate. FolloWing a one hour incu 
bation at 4° C. the plate is Washed and the amount 125I-IL-28 
or 125I-IL-29 bound determined by counting (Topcount, 
Packard Instruments, DoWners grove, IL). The speci?city of 
binding of 125I-IL-28 or 125I-IL-29 can be de?ned by 
receptor molecules used in these binding assays as Well as by 
the molecules used as inhibitors. 

[0077] In addition to pegylation, human albumin can be 
coupled to an IL-28 or IL-29 polypeptide of the present 
invention to prolong its half-life. Human albumin is the most 
prevalent naturally occurring blood protein in the human 
circulatory system, persisting in circulation in the body for 
over tWenty days. Research has shoWn that therapeutic 
proteins genetically fused to human albumin have longer 
half-lives. An IL28 or IL29 albumin fusion protein, like 
pegylation, may provide patients With long-acting treatment 
options that offer a more convenient administration sched 
ule, With similar or improved ef?cacy and safety compared 
to currently available treatments (U .S. Pat. No. 6,165,470; 
Syed et al., Blood, 89(9):3243-3253 (1997); Yeh et al., Proc. 
Natl. Acad. Sci. USA, 89:1904-1908 (1992); and Zeisel et al., 
Horm. Res., 3715-13 (1992)). 

[0078] Like the aforementioned peglyation and human 
albumin, an Fe portion of the human IgG molecule can be 
fused to a polypeptide of the present invention. The resultant 
fusion protein may have an increased circulating half-life 
due to the Fe moiety (US. Pat. No. 5,750,375, US. Pat. No. 
5,843,725, US. Pat. No. 6,291,646; Barouch et al., Journal 
oflmmunology, 61:1875-1882 (1998); Barouch et al., Proc. 
Natl. Acad. Sci. USA, 97(8):4192-4197 (Apr. 11, 2000); and 
Kim et al., Transplant Proc., 30(8):4031-4036 (December 
1998)). 

[0079] IL-28A, IL-29, IL-28B, Zcyto24 and Zcyto25, each 
have been shoWn to form a complex With the orphan 
receptor designated Zcytor19 (IL-28RA). IL-28RA is 
described in a commonly assigned patent application PCT/ 
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US01/44808. IL-28B, IL-29, Zcyto24, and Zcyto25 have 
been shoWn to bind or signal through IL-28RA as Well, 
further supporting that IL-28A, IL-29, IL-28B, Zcyto24 and 
Zcyto25 are members of the same family of cytokines. 
IL-28RA receptor is a class II cytokine receptor. Class II 
cytokine receptors usually bind to four-helix-bundle cytok 
ines. For example, interleukin-10 and the interferons bind 
receptors in this class (e.g., interferon-gamma receptor, 
alpha and beta chains and the interferon-alpha/beta receptor 
alpha and beta chains). 

[0080] Class II cytokine receptors are characterized by the 
presence of one or more cytokine receptor modules (CRM) 
in their extracellular domains. Other class II cytokine recep 
tors include Zcytor11 (commonly oWned US. Pat. No. 
5,965,704), CRF2-4 (Genbank Accession No. Z17227), 
IL-10R (Genbank Accession No.s U00672 and 
NMi001558), DIRS1, Zcytor7 (commonly oWned US. Pat. 
No. 5,945,511), and tissue factor. IL-28RA, like all knoWn 
class II receptors except interferon-alpha/beta receptor alpha 
chain, has only a single class II CRM in its extracellular 
domain. 

[0081] Analysis of a human cDNA clone encoding 
IL-28RA (SEQ ID NO:11) revealed an open reading frame 
encoding 520 amino acids (SEQ ID NO:12) comprising a 
secretory signal sequence (residues 1 (Met) to 20 (Gly) of 
SEQ ID NO:12) and a mature IL-28RA cytokine receptor 
polypeptide (residues 21 (Arg) to 520 (Arg) of SEQ ID 
NO:12) an extracellular ligand-binding domain of approxi 
mately 206 amino acid residues (residues 21 (Arg) to 226 
(Asn) of SEQ ID NO:12), a transmembrane domain of 
approximately 23 amino acid residues (residues 227 (Trp) to 
249 (Trp) of SEQ ID NO:12), and an intracellular domain of 
approximately 271 amino acid residues (residues 250 (Lys) 
to 520 (Arg) of SEQ ID NO:12). Within the extracellular 
ligand-binding domain, there are tWo ?bronectin type III 
domains and a linker region. The ?rst ?bronectin type III 
domain comprises residues 21 (Arg) to 119 (Tyr) of SEQ ID 
NO:12, the linker comprises residues 120 (Leu) to 124 (Glu) 
of SEQ ID NO:12, and the second ?bronectin type III 
domain comprises residues 125 (Pro) to 223 (Pro) of SEQ ID 
NO:12. 

[0082] In addition, a human cDNA clone encoding a 
IL-28RA variant With a 29 amino acid deletion Was identi 
?ed. This IL-28RA variant (as shoWn in SEQ ID NO:13) 
comprises an open reading frame encoding 491 amino acids 
(SEQ ID NO:14) comprising a secretory signal sequence 
(residues 1 (Met) to 20 (Gly) of SEQ ID NO:14) and a 
mature IL-28RA cytokine receptor polypeptide (residues 21 
(Arg) to 491 (Arg) of SEQ ID NO:14) an extracellular 
ligand-binding domain of approximately 206 amino acid 
residues (residues 21 (Arg) to 226 (Asn) of SEQ ID NO:14, 
a transmembrane domain of approximately 23 amino acid 
residues (residues 227 (Trp) to 249 (Trp) of SEQ ID NO:14), 
and an intracellular domain of approximately 242 amino 
acid residues (residues 250 (Lys) to 491 (Arg) of SEQ ID 
NO:14). 
[0083] A truncated soluble form of the IL-28RA receptor 
mRNA appears to be naturally expressed. Analysis of a 
human cDNA clone encoding the truncated soluble IL-28RA 
(SEQ ID NO:15) revealed an open reading frame encoding 
211 amino acids (SEQ ID NO:16) comprising a secretory 
signal sequence (residues 1 (Met) to 20 (Gly) of SEQ ID 
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NO:16) and a mature truncated soluble IL-28RA receptor 
polypeptide (residues 21 (Arg) to 211 (Ser) of SEQ ID 
NO:16) a truncated extracellular ligand-binding domain of 
approximately 143 amino acid residues (residues 21 (Arg) to 
163 (Trp) of SEQ ID NO:16), no transmembrane domain, 
but an additional domain of approximately 48 amino acid 
residues (residues 164 (Lys) to 211 (Ser) of SEQ ID NO:16). 

[0084] IL-28RA is a member of the same receptor sub 
family as the class II cytokine receptors, and receptors in this 
subfamily may associate to form homodimers that transduce 
a signal. Several members of the subfamily (e.g., receptors 
that bind interferon, IL-10, IL-19, and IL-TIF) combine With 
a second subunit (termed a [3-subunit) to bind ligand and 
transduce a signal. However, in many cases, speci?c [3-sub 
units associate With a plurality of speci?c cytokine receptor 
subunits. For example, class II cytokine receptors, such as, 
Zcytor11 (US. Pat. No. 5,965,704) and CRF2-4 receptor 
heterodimeriZe to bind the cytokine IL-TIF (See, WIPO 
publication WO 00/24758; Dumontier et al., J. Immunol. 
164:1814-1819, 2000; Spencer, S D et al., J. Exp. Med. 
187:571-578, 1998; Gibbs, V C and Pennica Gene 186197 
101, 1997 (CRF2-4 cDNA); Xie, M H et al., J. Biol. Chem. 
275: 31335-31339, 2000). IL-10[3 receptor is believed to be 
synonymous With CRF2-4 (Dumoutier, L. et al., Proc. Nal’l. 
Acad. Sci. 97:10144-10149, 2000; Liu Y et al., J. Immunol. 
152; 1821-1829, 1994 (IL-10R cDNA). Therefore, one 
could expect that IL-28, IL-29, Zcyto24 and Zcyto25 Would 
bind either monomeric, homodimeric, heterodimeric and 
multimeric Zcytor19 receptors. Experimental evidence has 
identi?ed CRF2-4 as the putative binding partner for 
IL-28RA. 

[0085] Examples of biological activity for molecules used 
to identify IL-28 or IL-29 molecules that are useful in the 
methods of the present invention include molecules that can 
bind to the IL-28 receptor With some speci?city. Generally, 
a ligand binding to its cognate receptor is speci?c When the 
KD falls Within the range of 100 nM to 100 pM. Speci?c 
binding in the range of 100 mM to 10 nM KD is loW a?inity 
binding. Speci?c binding in the range of 2.5 pM to 100 pM 
KD is high af?nity binding. In another example, biologically 
active IL-28 or IL-29 molecules are capable of some level of 
antiviral activity associated With Wildtype IL-28 or IL-29. 

[0086] The various codons that encode for a given amino 
acid are set forth beloW in Table 2. 

TABLE 2 

One 

Amino Letter Degenerate 
Acid Code Codons Codon 

Cys C TGC TGT TGY 

Ser S AGC AGT TCA TCC TCG TCT WSN 

Thr T ACA ACC ACG ACT ACN 

Pro P CCA CCC CCG CCT CCN 

Ala A GCA GCC GCG GCT GCN 

Gly G GGA GGC GGG GGT GGN 

Asn N AAC AAT AAY 

Asp D GAC GAT GAY 
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TABLE 2 — cont inued 

One 

Amino Letter Degenerate 
Acid Code Codons Codon 

Glu E GAA GAG GAR 

Gln Q CAA CAG CAR 

His H CAC CAT CAY 

Arg R AGA AGG CGA CGC CGG CGT MGN 

Lys K AAA AAG AAR 

Met M ATG ATG 

Ile I ATA ATC ATT ATH 

Leu L CTA CTC CTG CTT TTA TTG YTN 

Val V GTA GTC GTG GTT GTN 

Phe F TTC TTT TTY 

Tyr Y TAC TAT TAY 

Trp W TGG TGG 

Ter . TAA TAG TGA TRR 

Asn|Asp B RAY 

Glu|Gln z SAR 

Any x NN'N 

[0087] One of ordinary skill in the art Will appreciate that 
some ambiguity is introduced in determining a degenerate 
codon, representative of all possible codons encoding each 
amino acid. For example, the degenerate codon for serine 
(WSN) can, in some circumstances, encode arginine (AGR), 
and the degenerate codon for arginine (MGN) can, in some 
circumstances, encode serine (AGY). A similar relationship 
exists betWeen codons encoding phenylalanine and leucine. 
Thus, some polynucleotides encompassed by the degenerate 
sequence may encode variant amino acid sequences, but one 
of ordinary skill in the art can easily identify such variant 
sequences by referencing the sequences disclosed herein. 
Variant sequences can be readily tested for functionality as 
described herein. 

[0088] One of ordinary skill in the art Will also appreciate 
that different species can exhibit “preferential codon usage.” 
In general, see, Grantham, et al., Nuc. Acids Res. 8:1893 
912, 1980; Haas, et al. Curn Biol. 6:315-24, 1996; Wain 
Hobson, et al., Gene 13:355-64, 1981; Grosjean and Fiers, 
Gene 18:199-209, 1982; Holm, Nuc. Acids Res. 14:3075-87, 
1986; Ikemura, J. Mol. Biol. 158:573-97, 1982. As used 
herein, the term “preferential codon usage” or “preferential 
codons” is a term of art referring to protein translation 
codons that are most frequently used in cells of a certain 
species, thus favoring one or a feW representatives of the 
possible codons encoding each amino acid (See Table 2). 
For example, the amino acid Threonine (Thr) may be 
encoded by ACA, ACC, ACG, or ACT, but in mammalian 
cells ACC is the most commonly used codon; in other 
species, for example, insect cells, yeast, viruses or bacteria, 
different Thr codons may be preferential. Preferential 
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codons for a particular species can be introduced into the 
polynucleotides of the present invention by a variety of 
methods knoWn in the art. Introduction of preferential codon 
sequences into recombinant DNA can, for example, enhance 
production of the protein by making protein translation more 
ef?cient Within a particular cell type or species. Sequences 
containing preferential codons can be tested and optimized 
for expression in various species, and tested for functionality 
as disclosed herein. 

[0089] As previously noted, the isolated polynucleotides 
of the present invention include DNA and RNA. Methods 
for preparing DNA and RNA are Well knoWn in the art. In 
general, RNA is isolated from a tissue or cell that produces 
large amounts of IL-28 or IL-29 RNA. Such tissues and cells 
are identi?ed by Northern blotting (Thomas, Proc. Natl. 
Acad. Sci. USA 77:5201, 1980), or by screening conditioned 
medium from various cell types for activity on target cells or 
tissue. Once the activity or RNA producing cell or tissue is 
identi?ed, total RNA can be prepared using guanidinium 
isothiocyanate extraction folloWed by isolation by centrifu 
gation in a CsCl gradient (ChirgWin et al., Biochemistry 
18:52-94, 1979). Poly (A)+ RNAis prepared from total RNA 
using the method of Aviv and Leder (Proc. Natl. Acad. Sci. 
USA 69:1408-12, 1972). Complementary DNA (cDNA) is 
prepared from poly(A)+ RNA using knoWn methods. In the 
alternative, genomic DNA can be isolated. Polynucleotides 
encoding IL-28 or IL-29 polypeptides are then identi?ed and 
isolated by, for example, hybridization or PCR. 

[0090] A full-length clones encoding IL-28 or IL-29 can 
be obtained by conventional cloning procedures. Comple 
mentary DNA (cDNA) clones are preferred, although for 
some applications (e.g., expression in transgenic animals) it 
may be preferable to use a genomic clone, or to modify a 
cDNA clone to include at least one genomic intron. Methods 
for preparing cDNA and genomic clones are Well knoWn and 
Within the level of ordinary skill in the art, and include the 
use of the sequence disclosed herein, or parts thereof, for 
probing or priming a library. Expression libraries can be 
probed With antibodies to IL-28 receptor fragments, or other 
speci?c binding partners. 

[0091] Those skilled in the art Will recognize that the 
sequence disclosed in, for example, SEQ ID NOs:17, 19 and 
21, represent a single allele of human IL-28A, IL-29, and 
IL28B, respectively, and that allelic variation and alternative 
splicing are expected to occur. For example, an IL-29 variant 
has been identi?ed Where amino acid residue 169 as shoWn 
in SEQ ID NO:19 is an Asn residue Whereas its correspond 
ing amino acid residue in SEQ ID NO:4 is an Arg residue, 
as described in WO 02/086087. Such allelic variants are 
included in the present invention. Allelic variants of IL-28 
and IL-29 molecules of the present invention can be cloned 
by probing cDNA or genomic libraries from different indi 
viduals according to standard procedures. Allelic variants of 
the DNA sequence shoWn in SEQ ID NOs:17, 19, and 21, 
including those containing silent mutations and those in 
Which mutations result in amino acid sequence changes, in 
addition to the cysteine mutations, are Within the scope of 
the present invention, as are proteins Which are allelic 
variants of SEQ ID NO:18, 20, and 22. cDNAs generated 
from alternatively spliced mRNAs, Which retain the prop 
erties of IL-28 or IL-29 polypeptides, are included Within the 
scope of the present invention, as are polypeptides encoded 
by such cDNAs and mRNAs. Allelic variants and splice 
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variants of these sequences can be cloned by probing cDNA 
or genomic libraries from different individuals or tissues 
according to standard procedures knoWn in the art, and 
mutations to the polynucleotides encoding cysteines or 
cysteine residues can be introduced as described herein. 

[0092] Within embodiments of the invention, isolated 
IL-28 and IL-29-encoding nucleic acid molecules can 
hybridize under stringent conditions to nucleic acid mol 
ecules having the nucleotide sequence selected from the 
group of SEQ ID NOs:1, 3, 5, 17, 19, 21,23, 25, 27, 29, 31, 
33, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 
67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 
99,109,111,113,115,117,119,121,123,125,127,129, 
131, 133, and 135, or to its complement thereof. In general, 
stringent conditions are selected to be about 50 C. loWer than 
the thermal melting point (Tm) for the speci?c sequence at 
a de?ned ionic strength and pH. The Tm is the temperature 
(under de?ned ionic strength and pH) at Which 50% of the 
target sequence hybridizes to a perfectly matched probe. 

[0093] A pair of nucleic acid molecules, such as DNA 
DNA, RNA-RNA and DNA-RNA, can hybridize if the 
nucleotide sequences have some degree of complementarity. 
Hybrids can tolerate mismatched base pairs in the double 
helix, but the stability of the hybrid is in?uenced by the 
degree of mismatch. The Tm of the mismatched hybrid 
decreases by 10 C. for every 1-1.5% base pair mismatch. 
Varying the stringency of the hybridization conditions 
alloWs control over the degree of mismatch that Will be 
present in the hybrid. The degree of stringency increases as 
the hybridization temperature increases and the ionic 
strength of the hybridization buffer decreases. 

[0094] It is Well Within the abilities of one skilled in the art 
to adapt these conditions for use With a particular polynucle 
otide hybrid. The Tm for a speci?c target sequence is the 
temperature (under de?ned conditions) at Which 50% of the 
target sequence Will hybridize to a perfectly matched probe 
sequence. Those conditions Which in?uence the Tm include, 
the size and base pair content of the polynucleotide probe, 
the ionic strength of the hybridization solution, and the 
presence of destabilizing agents in the hybridization solu 
tion. Numerous equations for calculating Tm are knoWn in 
the art, and are speci?c for DNA, RNA and DNA-RNA 
hybrids and polynucleotide probe sequences of varying 
length (see, for example, Sambrook et al., Molecular Clon 
ing: A Laboratory Manual, Second Edition (Cold Spring 
Harbor Press 1989); Ausubel et al., (eds.), Current Protocols 
in Molecular Biology (John Wiley and Sons, Inc. 1987); 
Berger and Kimmel (eds.), Guide to Molecular Cloning 
Techniques, (Academic Press, Inc. 1987); and Wetmur, Crit. 
Rev. Biochem. Mol. Biol. 26:227 (1990)). Sequence analysis 
softWare such as OLIGO 6.0 (LSR; Long Lake, Minn.) and 
Primer Premier 4.0 (Premier Biosoft International; Palo 
Alto, Calif.), as Well as sites on the Internet, are available 
tools for analyzing a given sequence and calculating Tm 
based on user de?ned criteria. Such programs can also 
analyze a given sequence under de?ned conditions and 
identify suitable probe sequences. Typically, hybridization 
of longer polynucleotide sequences, >50 base pairs, is 
performed at temperatures of about 20-250 C. beloW the 
calculated Tm. For smaller probes, <50 base pairs, hybrid 
ization is typically carried out at the Tm or 5-100 C. beloW 
the calculated Tm. This alloWs for the maximum rate of 
hybridization for DNA-DNA and DNA-RNA hybrids. 
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[0095] Following hybridization, the nucleic acid mol 
ecules can be Washed to remove non-hybridized nucleic acid 
molecules under stringent conditions, or under highly strin 
gent conditions. Typical stringent Washing conditions 
include Washing in a solution of 0.5><-2><SSC With 0.1% 
sodium dodecyl sulfate (SDS) at 55-65° C. That is, nucleic 
acid molecules encoding an IL-28 or IL-29 polypeptide 
hybridize With a nucleic acid molecule having the nucleotide 
sequence selected from the group of SEQ ID NOs: 1, 3, 5, 17, 
19, 21, 23, 25, 27, 29, 31, 33, 37, 39, 41, 43, 45, 47, 49, 51, 
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 
85, 87, 89, 91, 93, 95, 97, 99, 109, 111, 113, 115, 117, 119, 
121, 123, 125, 127, 129, 131, 133, and 135, or its comple 
ment thereof, under stringent Washing conditions, in Which 
the Wash stringency is equivalent to 0.5><-2><SSC With 0.1% 
SDS at 55-65° C., including 0.5><SSC With 0.1% SDS at 55° 
C., or 2><SSC With 0.1% SDS at 65° C. One of skill in the 
art can readily devise equivalent conditions, for example, by 
substituting SSPE for SSC in the Wash solution. 

[0096] Typical highly stringent Washing conditions 
include Washing in a solution of 0.1><-0.2><SSC With 0.1% 
sodium dodecyl sulfate (SDS) at 50-65° C. In other Words, 
nucleic acid molecules encoding a variant of an IL-28 or 
IL-29 polypeptide hybridize With a nucleic acid molecule 
having the nucleotide sequence selected from the group of 
SEQ ID NOs:1, 3, 5, 17, 19, 21, 23, 25, 27, 29, 31, 33, 37, 
39,41, 43,45,47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 
71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 109, 
111,113,115,117,119,121,123,125,127,129,131,133, 
and 135, or its complement thereof, under highly stringent 
Washing conditions, in Which the Wash stringency is equiva 
lent to 0.1><-0.2><SSC With 0.1% SDS at 50-65° C., including 
0.1><SSC With 0.1% SDS at 50° C., or 0.2><SSC With 0.1% 
SDS at 65° C. 

[0097] The present invention also provides isolated IL-28 
or IL-29 polypeptides that have a substantially similar 
sequence identity to the polypeptides of the present inven 
tion, for example, selected from the group of SEQ ID NOs:2, 
4, 6, 18, 20, 22, 24, 26, 28, 30, 32, 34, 38, 40, 42, 44, 46, 48, 
50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 
82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 110, 112, 114, 116, 
118, 120, 122, 124, 126, 128, 130, 132, 134, and 136. The 
term “substantially similar sequence identity” is used herein 
to denote polypeptides comprising at least 80%, at least 
90%, at least 95%, at least 96%, at least 97%, at least 97.5%, 
at least 98%, at least 98.5%, at least 99%, at least 99.5%, or 
greater than 99.5% sequence identity to the amino acid 
sequences selected from the group of SEQ ID NOs:2, 4, 6, 
18,20, 22, 24, 26, 28, 30, 32, 34, 38, 40, 42, 44, 46,48, 50, 
52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 
84,86, 88, 90, 92, 94, 96, 98, 100, 110, 112, 114, 116, 118, 
120, 122,124, 126,128,130, 132, 134, and 136. The present 
invention also includes polypeptides that comprise an amino 
acid sequence having at least 80%, at least 90%, at least 
95%, at least 96%, at least 97%, at least 97.5%, at least 98%, 
at least 98.5%, at least 99%, at least 99.5%, or greater than 
99.5% sequence identity to a polypeptide or fragment 
thereof of the present invention. The present invention 
further includes nucleic acid molecules that encode such 
polypeptides. The IL-28 and IL-29 polypeptides of the 
present invention are preferably recombinant polypeptides. 
In another aspect, the IL-28 and IL-29 polypeptides of the 
present invention have at least 15, at least 30, at least 45, or 
at least 60 sequential amino acids. For example, an IL-29 
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polypeptide of the present invention relates to a polypeptide 
having at least 15, at least 30, at least 45, or at least 60 
sequential amino acids to an amino acid sequence selected 
from the group of SEQ ID NOs:2, 4, 6, 18, 20, 22, 24, 26, 
28, 30, 32, 34, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 
62, 64, 66, 68,70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 
94,96,98,100,110,112,114,116,118,120,122,124,126, 
128, 130, 132, 134, and 136. Methods for determining 
percent identity are herein. 

[0098] The present invention also contemplates variant 
nucleic acid molecules that can be identi?ed using tWo 
criteria: a determination of the similarity betWeen the 
encoded polypeptide With the amino acid sequence selected 
from the group of SEQ ID NOs:2, 4, 6, 18, 20, 22, 24, 26, 
28, 30, 32, 34, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 
62, 64, 66, 68,70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 
94,96,98,100,110,112,114,116,118,120,122,124,126, 
128, 130, 132, 134, and 136, and/or a hybridization assay, as 
described above. Such variants include nucleic acid mol 
ecules: (1) that hybridize With a nucleic acid molecule 
having the nucleotide sequence selected from the group of 
SEQ ID NOs:1, 3, 5, 17, 19, 21, 23, 25, 27, 29, 31, 33, 37, 
39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 
71,73,75,77,79,81,83,85,87,89,91,93,95,97,99,109, 
111,113,115,117,119,121,123,125,127,129,131,133, 
and 135, or complement thereof, under stringent Washing 
conditions, in Which the Wash stringency is equivalent to 
0.5><-2><SSC With 0.1% SDS at 55-65° C.; or (2) that encode 
a polypeptide having at least 80%, at least 90%, at least 95%, 
at least 96%, at least 97%, at least 97.5%, at least 98%, at 
least 98.5%, at least 99%, at least 99.5%, or greater than 
99.5% sequence identity to the amino acid sequence selected 
from the group of SEQ ID NOs:2, 4, 6, 18, 20, 22, 24, 26, 
28, 30, 32, 34, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 
62, 64, 66, 68,70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 
94,96,98,100,110,112,114,116,118,120,122,124,126, 
128, 130, 132, 134, and 136. Alternatively, variants can be 
characterized as nucleic acid molecules: (1) that hybridize 
With a nucleic acid molecule having the nucleotide sequence 
selected from the group of SEQ ID NOs:1, 3, 5, 17, 19, 21, 
23, 25, 27, 29, 31, 33, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 
57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 
89,91,93,95,97,99,109,111,113,115,117,119,121,123, 
125, 127, 129, 131, 133, and 135, or its complement thereof, 
under highly stringent Washing conditions, in Which the 
Wash stringency is equivalent to 0.1><-0.2><SSC With 0.1% 
SDS at 50-65° C.; and (2) that encode a polypeptide having 
at least 80%, at least 90%, at least 95%, at least 96%, at least 
97%, at least 98%, at least 99%, at least 99.5%, or greater 
than 99.5% sequence identity to the amino acid sequence 
selected from the group of SEQ ID NOs:2, 4, 6, 18, 20, 22, 
24, 26, 28, 30, 32, 34, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 
58, 60, 62, 64, 66, 68, 70, 72, 74, 76,78, 80, 82, 84, 86, 88, 
90, 92, 94, 96, 98, 100, 110, 112, 114, 116, 118, 120, 122, 
124, 126, 128, 130, 132, 134, and 136. 
[0099] Percent sequence identity is determined by con 
ventional methods. See, for example, Altschul et al., Bull. 
Math. Bio. 48:603 (1986), and Henikolf and Henikolf, Proc. 
Natl. Acad. Sci. USA 89110915 (1992). Brie?y, tWo amino 
acid sequences are aligned to optimize the alignment scores 
using a gap opening penalty of 10, a gap extension penalty 
of 1, and the “BLOSUM62” scoring matrix of Henikolf and 
Henikolf (ibid.) as shoWn in Table 2 (amino acids are 
indicated by the standard one-letter codes). 



US 2008/0075693 A1 

[0100] Total number of identical matches 

[0101] ><100 

[0102] [length of the longer sequence plus the number of 
gaps introduced into the longer sequence in order to align the 
tWo sequences] 

15 
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regions are “trimmed” to include only those residues that 
contribute to the highest score. If there are several regions 
With scores greater than the “cuto?‘” value (calculated by a 
predetermined formula based upon the length of the 
sequence and the ktup value), then the trimmed initial 
regions are examined to determine Whether the regions can 

[0103] Those skilled in the art appreciate that there are 
many established algorithms available to align tWo amino 
acid sequences. The “PASTA” similarity search algorithm of 
Pearson and Lipman is a suitable protein alignment method 
for examining the level of identity shared by an amino acid 
sequence disclosed herein and the amino acid sequence of a 
putative variant lL-28 or IL-29. The FASTA algorithm is 
described by Pearson and Lipman, Proc. Nat’! Acad. Sci. 
USA 85:2444 (1988), and by Pearson, Melh. Enzymol. 
183163 (1990). 

[0104] Brie?y, FASTA ?rst characterizes sequence simi 
larity by identifying regions shared by the query sequence 
(e. g., SEQ ID N012) and a test sequence that have either the 
highest density of identities (if the ktup variable is 1) or pairs 
of identities (if ktup=2), Without considering conservative 
amino acid substitutions, insertions, or deletions. The ten 
regions With the highest density of identities are then res 
cored by comparing the similarity of all paired amino acids 
using an amino acid substitution matrix, and the ends of the 

be joined to form an approximate alignment With gaps. 
Finally, the highest scoring regions of the tWo amino acid 
sequences are aligned using a modi?cation of the Needle 
man-Wunsch-Sellers algorithm (N eedleman and Wunsch, J. 
Mol. Biol. 48:444 (1970); Sellers, SIAM J. Appl. Math. 
26:787 (1974)), Which alloWs for amino acid insertions and 
deletions. Preferred parameters for FASTA analysis are: 
ktup=1, gap opening penalty=10, gap extension penalty=1, 
and substitution matrix=BLOSUM62. These parameters can 
be introduced into a FASTA program by modifying the 
scoring matrix ?le (“SMATRIX”), as explained in Appendix 
2 of Pearson, Melh. Enzymol. 183163 (1990). 

[0105] FASTA can also be used to determine the sequence 
identity of nucleic acid molecules using a ratio as disclosed 
above. For nucleotide sequence comparisons, the ktup value 
can range betWeen one to six, preferably from three to six, 
most preferably three, With other parameters set as default. 

[0106] lL-28 or IL-29 polypeptides With substantially 
similar sequence identity are characteriZed as having one or 
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more amino acid substitutions, deletions or additions. These 
changes are preferably of a minor nature, that is conservative 
amino acid substitutions (see Table 4) and other substitu 
tions that do not signi?cantly affect the folding or activity of 
the polypeptide; small deletions, typically of one to about 30 
amino acids; and amino- or carboxyl-terminal extensions, 
such as an amino-terminal methionine residue, a small linker 
peptide of up to about 20-25 residues, or an affinity tag. The 
present invention thus includes polypeptides that comprise a 
sequence that is at least 80%, at least 90%, at least 95%, at 
least 96%, at least 97%, at least 97.5%, at least 98%, at least 
98.5%, at least 99%, at least 99.5%, or greater than 99.5% 
identical to the corresponding region of SEQ ID NOs:2, 4, 
6, 18, 20, 22, 24, 26, 28, 30, 32, 34, 38, 40, 42, 44, 46, 48, 
50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 
82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 110, 112, 114, 116, 
118, 120, 122, 124, 126, 128, 130, 132, 134, and 136. 
Polypeptides comprising af?nity tags can further comprise a 
proteolytic cleavage site betWeen the IL-28 and IL-29 
polypeptide and the affinity tag. Preferred such sites include 
thrombin cleavage sites and factor Xa cleavage sites. 

TABLE 4 

Conservative amino acid substitutions 

Basic: arginine 
lysine 
hi stidine 
glutalnic acid 
aspartic acid 

Polar: glutalnine 
asp aragine 
leucine 
iso leucine 
val ine 
phenylalanine 
tryptophan 
tyro sine 
glycine 
alanine 
serine 
threonine 
methionine 

Acidic: 

Hydrophobic: 

Aromatic: 

Small: 

[0107] Determination of amino acid residues that com 
prise regions or domains that are critical to maintaining 
structural integrity can be determined. Within these regions 
one can determine speci?c residues that Will be more or less 
tolerant of change and maintain the overall tertiary structure 
of the molecule. Methods for analyZing sequence structure 
include, but are not limited to alignment of multiple 
sequences With high amino acid or nucleotide identity, 
secondary structure propensities, binary patterns, comple 
mentary packing and buried polar interactions (Barton, 
Current Opin. Struct. Biol. 5:372-376, 1995 and Cordes et 
al., Current Opin. Struct. Biol. 613-10, 1996). In general, 
When designing modi?cations to molecules or identifying 
speci?c fragments determination of structure Will be accom 
panied by evaluating activity of modi?ed molecules. 

[0108] Amino acid sequence changes are made in IL-28 or 
IL-29 polypeptides so as to minimiZe disruption of higher 
order structure essential to biological activity. For example, 
Where the IL-28 or IL-29 polypeptide comprises one or more 
helices, changes in amino acid residues Will be made so as 
not to disrupt the helix geometry and other components of 
the molecule Where changes in conformation abate some 
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critical function, for example, binding of the molecule to its 
binding partners. The effects of amino acid sequence 
changes can be predicted by, for example, computer mod 
eling as disclosed above or determined by analysis of crystal 
structure (see, e.g., Lapthom et al., Nat. Struct. Biol. 2:266 
268, 1995). Other techniques that are Well knoWn in the art 
compare folding of a variant protein to a standard molecule 
(e.g., the native protein). For example, comparison of the 
cysteine pattern in a variant and standard molecules can be 
made. Mass spectrometry and chemical modi?cation using 
reduction and alkylation provide methods for determining 
cysteine residues Which are associated With disul?de bonds 
or are free of such associations (Bean et al., Anal. Biochem. 
201:216-226, 1992; Gray, Protein Sci. 211732-1748, 1993; 
and Patterson et al., Anal. Chem. 66:3727-3732, 1994). It is 
generally believed that if a modi?ed molecule does not have 
the same cysteine pattern as the standard molecule folding 
Would be affected. Another Well knoWn and accepted 
method for measuring folding is circular dichrosism (CD). 
Measuring and comparing the CD spectra generated by a 
modi?ed molecule and standard molecule is routine 
(Johnson, Proteins 7:205-214, 1990). Crystallography is 
another Well knoWn method for analyZing folding and 
structure. Nuclear magnetic resonance (NMR), digestive 
peptide mapping and epitope mapping are also knoWn 
methods for analyZing folding and structurally similarities 
betWeen proteins and polypeptides (Schaanan et al., Science 
257:961-964, 1992). 
[0109] A Hopp/Woods hydrophilicity pro?le of an IL-28 
or IL-29 polypeptide sequence selected from the group of 
SEQ ID NOs:2, 4, 6, 18, 20, 22, 24, 26, 28, 30, 32, 34, 38, 
40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68,70, 
72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 110, 
112,114,116,118,120,122,124,126,128,130,132,134, 
and 136, can be generated (Hopp et al., Proc. Natl. Acad. Sci. 
78:3824-3828, 1981; Hopp, J. Immun. Meth. 8811-18, 1986 
and Triquier et al., Protein Engineering 11:153-169, 1998). 
The pro?le is based on a sliding six-residue WindoW. Buried 
G, S, and T residues and exposed H, Y, and W residues Were 
ignored. Those skilled in the art Will recogniZe that hydro 
philicity or hydrophobicity Will be taken into account When 
designing modi?cations in the amino acid sequence of an 
IL-28 or IL-29 polypeptide, so as not to disrupt the overall 
structural and biological pro?le. Of particular interest for 
replacement are hydrophobic residues selected from the 
group consisting of Val, Leu and Ile or the group consisting 
of Met, Gly, Ser, Ala, Tyr and Trp. 

[0110] The identities of essential amino acids can also be 
inferred from analysis of sequence similarity betWeen IFN-ot 
and members of the family of IL-28A, IL-28B, and IL-29 (as 
shoWn in Tables 1 and 2). Using methods such as “FASTA” 
analysis described previously, regions of high similarity are 
identi?ed Within a family of proteins and used to analyZe 
amino acid sequence for conserved regions. An alternative 
approach to identifying a variant polynucleotide on the basis 
of structure is to determine Whether a nucleic acid molecule 
encoding a potential variant IL-28 or IL-29 gene can hybrid 
iZe to a nucleic acid molecule as discussed above. 

[0111] Other methods of identifying essential amino acids 
in the polypeptides of the present invention are procedures 
knoWn in the art, such as site-directed mutagenesis or 
alanine-scanning mutagenesis (Cunningham and Wells, Sci 
ence 24411081 (1989), Bass et al., Proc. Natl. Acad. Sci. 
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USA 88:4498 (1991), Coombs and Corey, “Site-Directed 
Mutagenesis and Protein Engineering,” in Proteins: Analysis 
and Design, Angeletti (ed.), pages 259-311 (Academic 
Press, Inc. 1998)). In the latter technique, single alanine 
mutations are introduced at every residue in the molecule, 
and the resultant IL-28 and IL-29 molecules are tested for 
biological or biochemical activity as disclosed beloW to 
identify amino acid residues that are critical to the activity 
of the molecule. See also, Hilton et al., J. Biol. Chem. 
271:4699 (1996). 

[0112] The present invention also includes functional frag 
ments of IL-28 or IL-29 polypeptides and nucleic acid 
molecules encoding such functional fragments. A “func 
tional” IL-28 or IL-29 or fragment thereof as de?ned herein 
is characteriZed by its proliferative or differentiating activity, 
by its ability to induce or inhibit specialiZed cell functions, 
or by its ability to bind speci?cally to an anti-IL-28 or IL-29 

antibody or IL-28 receptor (either soluble or immobilized). 
The specialiZed activities of IL-28 or IL-29 polypeptides and 
hoW to test for them are disclosed herein. As previously 
described herein, IL-28 and IL-29 polypeptides are charac 
teriZed by a six-helical-bundle. Thus, the present invention 
further provides fusion proteins encompassing: (a) polypep 
tide molecules comprising one or more of the helices 
described above; and (b) functional fragments comprising 
one or more of these helices. The other polypeptide portion 
of the fusion protein may be contributed by another helical 
bundle cytokine or interferon, such as IFN-ot, or by a 
non-native and/or an unrelated secretory signal peptide that 
facilitates secretion of the fusion protein. 

[0113] The IL-28 or IL-29 polypeptides of the present 
invention, including full-length polypeptides, biologically 
active fragments, and fusion polypeptides can be produced 
according to conventional techniques using cells into Which 
have been introduced an expression vector encoding the 
polypeptide. As used herein, “cells into Which have been 
introduced an expression vector” include both cells that have 
been directly manipulated by the introduction of exogenous 
DNA molecules and progeny thereof that contain the intro 
duced DNA. Suitable host cells are those cell types that can 
be transformed or transfected With exogenous DNA and 
groWn in culture, and include bacteria, fungal cells, and 
cultured higher eukaryotic cells. Techniques for manipulat 
ing cloned DNA molecules and introducing exogenous DNA 
into a variety of host cells are disclosed by Sambrook et al., 
Molecular Cloning: A Laboratory Manual., 2nd ed., Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 
1989, and Ausubel et al., eds., Current Protocols in Molecu 
lar Biology, John Wiley and Sons, Inc., NY, 1987. 

[0114] In general, a DNA sequence encoding an IL-28 or 
IL-29 polypeptide is operably linked to other genetic ele 
ments required for its expression, generally including a 
transcription promoter and terminator, Within an expression 
vector. The vector Will also commonly contain one or more 
selectable markers and one or more origins of replication, 
although those skilled in the art Will recogniZe that Within 
certain systems selectable markers may be provided on 
separate vectors, and replication of the exogenous DNA may 
be provided by integration into the host cell genome. Selec 
tion of promoters, terminators, selectable markers, vectors 
and other elements is a matter of routine design Within the 
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level of ordinary skill in the art. Many such elements are 
described in the literature and are available through com 
mercial suppliers. 

[0115] To direct an IL-28 or IL-29 polypeptide into the 
secretory pathWay of a host cell, a secretory signal sequence 
(also knoWn as a leader sequence, prepro sequence or pre 
sequence) is provided in the expression vector. The secretory 
signal sequence may be that of IL-28 or IL-29, e.g., SEQ ID 
NO: 1 19 or SEQ ID NO: 121, or may be derived from another 
secreted protein (e.g., t-PA; see, US. Pat. No. 5,641,655) or 
synthesiZed de novo. The secretory signal sequence is oper 
ably linked to an IL-28 or IL-29 DNA sequence, i.e., the tWo 
sequences are joined in the correct reading frame and 
positioned to direct the neWly synthesiZed polypeptide into 
the secretory pathWay of the host cell. Secretory signal 
sequences are commonly positioned 5' to the DNA sequence 
encoding the polypeptide of interest, although certain signal 
sequences may be positioned elseWhere in the DNA 
sequence of interest (see, e.g., Welch et al., US. Pat. No. 
5,037,743; Holland et al., US. Pat. No. 5,143,830). 

[0116] A Wide variety of suitable recombinant host cells 
includes, but is not limited to, gram-negative prokaryotic 
host organisms. Suitable strains of E. coli include W3110 
and mutants-strains thereof (e. g, an OmpT protease de?cient 
W3110 strain, and an OmpT protease and fhuA de?cient 
W3110 strain), K12-derived strains MM294, TG-1, JM-107, 
BL21, and UT5600. Other suitable strains include: 
BL21(DE3), BL21(DE3)pLysS, BL21(DE3)pLysE, DH1, 
DH4I, DH5, DH5I, DH51F', DH51MCR, DH10B, DH10B/ 
p3, DH11S, C600, HB101, JM101, JM105, JM109, JM110, 
K38, RRl, Y1088, Y1089, CSH18, ER1451, ER1647, E. 
coli K12, E. coli K12 RV308, E. coli K12 C600, E. 
coliHB101, E. coli K12 C600 R.sub.k-M.sub.k-, E. coli K12 
RRl (see, for example, BroWn (ed.), Molecular Biology 
Labfax (Academic Press 1991)). Other gram-negative 
prokaryotic hosts can include Serratia, Pseudomonas, Cau 
lobacter. Prokaryotic hosts can include gram-positive organ 
isms such as Bacillus, for example, B. subtilis and B. 
thuringienesis, and B. thuringienesis var. israelensis, as Well 
as Streptomyces, for example, S. lividans, S. ambofaciens, S. 
fradiae, and S. griseofuscus. Suitable strains of Bacillus 
subtilus include BR151, YB886, M1119, M1120, and B170 
(see, for example, Hardy, “Bacillus Cloning Methods,” in 
DNA Cloning: A Practical Approach, Glover (ed.) (IRL 
Press 1985)). Standard techniques for propagating vectors in 
prokaryotic hosts are Well-knoWn to those of skill in the art 
(see, for example, Ausubel et al (eds.), Short Protocols in 
Molecular Biology 3rd Edition (John Wiley & Sons 1995); 
Wu et al., Methods in Gene Biotechnology (CRC Press, Inc. 
1997)). In one embodiment, the methods of the present 
invention use Cysteine mutant IL-28 or IL-29 expressed in 
the W3110 strain, Which has been deposited at the American 
Type Culture Collection (ATCC) as ATCC # 27325. 

[0117] When large scale production of an IL-28 or IL-29 
polypeptide using the expression system of the present 
invention is required, batch fermentation can be used. Gen 
erally, batch fermentation comprises that a ?rst stage seed 
?ask is prepared by groWing E. coli strains expressing an 
IL-28 or IL-29 polypeptide in a suitable medium in shake 
?ask culture to alloW for groWth to an optical density (OD) 
of betWeen 5 and 20 at 600 nm. A suitable medium Would 
contain nitrogen from a source(s) such as ammonium sul 
fate, ammonium phosphate, ammonium chloride, yeast 
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extract, hydrolyzed animal proteins, hydrolyzed plant pro 
teins or hydrolyzed caseins. Phosphate Will be supplied from 
potassium phosphate, ammonium phosphate, phosphoric 
acid or sodium phosphate. Other components Would be 
magnesium chloride or magnesium sulfate, ferrous sulfate or 
ferrous chloride, and other trace elements. GroWth medium 
can be supplemented With carbohydrates, such as fructose, 
glucose, galactose, lactose, and glycerol, to improve groWth. 
Alternatively, a fed batch culture is used to generate a high 
yield of IL-28 or IL-29 polypeptide. The IL-28 or IL-29 
polypeptide producing E. coli strains are groWn under con 
ditions similar to those described for the ?rst stage vessel 
used to inoculate a batch fermentation. 

[0118] Following fermentation the cells are harvested by 
centrifugation, re-suspended in homogenization buffer and 
homogenized, for example, in an APV-Gaulin homogenizer 
(Invensys APV, Tonawanda, NY.) or other type of cell 
disruption equipment, such as bead mills or sonicators. 
Alternatively, the cells are taken directly from the fermentor 
and homogenized in an APV-Gaulin homogenizer. The 
Washed inclusion body prep can be solubilized using guani 
dine hydrochloride (5-8 M) or urea (7-8 M) containing a 
reducing agent such as beta mercaptoethanol (10-100 mM) 
or dithiothreitol (5-50 mM). The solutions can be prepared 
in Tris, phopshate, HEPES or other appropriate buffers. 
Inclusion bodies can also be solubilized With urea (2-4 M) 
containing sodium lauryl sulfate (0.1-2%). In the process for 
recovering puri?ed IL-28 or IL-29 from transformed E. coli 
host strains in Which the IL-28 or IL-29 is accumulates as 
refractile inclusion bodies, the cells are disrupted and the 
inclusion bodies are recovered by centrifugation. The inclu 
sion bodies are then solubilized and denatured in 6 M 
guanidine hydrochloride containing a reducing agent. The 
reduced IL-28 or IL-29 is then oxidized in a controlled 
renaturation step. Refolded IL-28 or IL-29 can be passed 
through a ?lter for clari?cation and removal of insoluble 
protein. The solution is then passed through a ?lter for 
clari?cation and removal of insoluble protein. After the 
IL-28 or IL-29 protein is refolded and concentrated, the 
refolded IL-28 or IL-29 protein is captured in dilute buffer 
on a cation exchange column and puri?ed using hydropho 
bic interaction chromatography. 

[0119] Cultured mammalian cells are suitable hosts Within 
the present invention. Methods for introducing exogenous 
DNA into mammalian host cells include calcium phosphate 
mediated transfection (Wigler et al., Cell 14:725, 1978; 
Corsaro and Pearson, Somatic Cell Genetics 7:603, 1981: 
Graham and Van der Eb, I/irology 52:456, 1973), electropo 
ration (Neumann et al., EMBO J. 1:841-5, 1982), DEAE 
dextran mediated transfection (Ausubel et al., ibid.), and 
liposome-mediated transfection (HaWley-Nelson et al., 
Focus 15:73, 1993; Ciccarone et al., Focus 15:80, 1993, and 
viral vectors (Miller and Rosman, BioTechniques 7:980-90, 
1989; Wang and Finer, Nature Med. 2:714-6, 1996). The 
production of recombinant polypeptides in cultured mam 
malian cells is disclosed, for example, by Levinson et al., 
US. Pat. No. 4,713,339; Hagen et al., US. Pat. No. 4,784, 
950; Palmiter et al., US. Pat. No. 4,579,821; and Ringold, 
US. Pat. No. 4,656,134. Suitable cultured mammalian cells 
include the COS-1 (ATCC No. CRL 1650), COS-7 (ATCC 
No. CRL 1651), BHK (ATCC No. CRL 1632), BHK 570 
(ATCC No. CRL 10314), 293 (ATCC No. CRL 1573; 
Graham et al., J. Gen. Vll’Ol. 36:59-72, 1977) and Chinese 
hamster ovary (e.g. CHO-K1;ATCC No. CCL 61) cell lines. 
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Additional suitable cell lines are knoWn in the art and 
available from public depositories such as the American 
Type Culture Collection, Manassas, Va. In general, strong 
transcription promoters are preferred, such as promoters 
from SV-40 or cytomegalovirus. See, e.g., US. Pat. No. 
4,956,288. Other suitable promoters include those from 
metallothionein genes (US. Pat. Nos. 4,579,821 and 4,601, 
978) and the adenovirus major late promoter. 
[0120] Drug selection is generally used to select for cul 
tured mammalian cells into Which foreign DNA has been 
inserted. Such cells are commonly referred to as “transfec 
tants”. Cells that have been cultured in the presence of the 
selective agent and are able to pass the gene of interest to 
their progeny are referred to as “stable transfectants.” A 
preferred selectable marker is a gene encoding resistance to 
the antibiotic neomycin. Selection is carried out in the 
presence of a neomycin-type drug, such as G-418 or the like. 
Selection systems can also be used to increase the expres 
sion level of the gene of interest, a process referred to as 
“ampli?cation.” Ampli?cation is carried out by culturing 
transfectants in the presence of a loW level of the selective 
agent and then increasing the amount of selective agent to 
select for cells that produce high levels of the products of the 
introduced genes. A preferred ampli?able selectable marker 
is dihydrofolate reductase, Which confers resistance to meth 
otrexate. Other drug resistance genes (e.g. hygromycin resis 
tance, multi-drug resistance, puromycin acetyltransferase) 
can also be used. Alternative markers that introduce an 
altered phenotype, such as green ?uorescent protein, or cell 
surface proteins such as CD4, CD8, Class I MHC, placental 
alkaline phosphatase may be used to sort transfected cells 
from untransfected cells by such means as FACS sorting or 
magnetic bead separation technology. 
[0121] Other higher eukaryotic cells can also be used as 
hosts, including plant cells, insect cells and avian cells. The 
use of Agrobacterium rhizogenes as a vector for expressing 
genes in plant cells has been revieWed by Sinkar et al., J. 
Biosci. (Bangalore) 11:47-58, 1987. Transformation of 
insect cells and production of foreign polypeptides therein is 
disclosed by Guarino et al., US. Pat. No. 5,162,222 and 
WIPO publication WO 94/06463. Insect cells can be 
infected With recombinant baculovirus, commonly derived 
from Autographa californica nuclear polyhedrosis virus 
(AcNPV). See, King, L. A. and Possee, R. D., The Bacu 
lovirus Expression System: A Laboratory Guide, London, 
Chapman & Hall; O’Reilly, D. R. et al., Baculovirus Expres 
sion Vectors: A Laboratory Manual, NeW York, Oxford 
University Press., 1994; and, Richardson, C. D., Ed., Bacu 
lovirus Expression Protocols. Methods in Molecular Biol 
ogy, TotoWa, N.J., Humana Press, 1995. The second method 
of making recombinant baculovirus utilizes a transposon 
based system described by LuckoW (LuckoW, V. A, et al., J 
Vll’Ol 67:4566-79, 1993). This system is sold in the Bac-to 
Bac kit (Life Technologies, Rockville, Md.). This system 
utilizes a transfer vector, pFastBaclTM (Life Technologies) 
containing a Tn7 transposon to move the DNA encoding the 
Cysteine mutant IL-28 or IL-29 polypeptide into a bacu 
lovirus genome maintained in E. coli as a large plasmid 
called a “bacmid.” The pFastBaclTM transfer vector utilizes 
the AcNPV polyhedrin promoter to drive the expression of 
the gene of interest, in this case IL-28 or IL-29. HoWever, 
pFastBaclTM can be modi?ed to a considerable degree. The 
polyhedrin promoter can be removed and substituted With 
the baculovirus basic protein promoter (also knoWn as Pcor, 
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p6.9 or MP promoter) which is expressed earlier in the 
baculovirus infection, and has been shown to be advanta 
geous for expressing secreted proteins. See, Hill-Perkins, M. 
S, and Possee, R. D.,.]. Gen. Vli’Ol. 71:971-6, 1990; Bonning, 
B. C. et al.,]. Gen. Vli’Ol. 75:1551-6, 1994; and, ChaZenbalk, 
G. D., and Rapoport, B., J. Biol. Chem. 270:1543-9, 1995. 
In such transfer vector constructs, a short or long version of 
the basic protein promoter can be used. Moreover, transfer 
vectors can be constructed which replace the native lL-28 or 
lL-29 secretory signal sequences with secretory signal 
sequences derived from insect proteins. For example, a 
secretory signal sequence from Ecdysteroid Glucosyltrans 
ferase (EGT), honey bee Melittin (lnvitrogen, Carlsbad, 
Calif.), or baculovirus gp67 (PharMingen, San Diego, 
Calif.) can be used in constructs to replace the native lL-28 
or lL-29 secretory signal sequence. In addition, transfer 
vectors can include an in-frame fusion with DNA encoding 
an epitope tag at the C- or N-terminus of the expressed 
Cysteine mutant lL-28 or lL-29 polypeptide, for example, a 
Glu-Glu epitope tag (Grussenmeyer, T. et al., Proc. Natl. 
Acad. Sci. 82:7952-4, 1985). Using techniques known in the 
art, a transfer vector containing lL-28 or lL-29 is trans 
formed into E. Coli, and screened for bacmids which contain 
an interrupted lacZ gene indicative of recombinant bacu 
lovirus. The bacmid DNA containing the recombinant bacu 
lovirus genome is isolated, using common techniques, and 
used to transfect Spodopterafrugiperda cells, e.g. Sf9 cells. 
Recombinant virus that expresses lL-28 or lL-29 is subse 
quently produced. Recombinant viral stocks are made by 
methods commonly used the art. 

[0122] The recombinant virus is used to infect host cells, 
typically a cell line derived from the fall armyworm, 
Spodopterafrugiperda. See, in general, Glick and Pasternak, 
Molecular Biotechnology: Principles and Applications of 
Recombinant DNA, ASM Press, Washington, DC, 1994. 
Another suitable cell line is the High FiveOTM cell line 
(lnvitrogen) derived from Trichoplusia ni (U.S. Pat. No. 
5,300,435). 
[0123] Fungal cells, including yeast cells, can also be used 
within the present invention. Yeast species of particular 
interest in this regard include Saccharomyces cerevisiae, 
Pichia pastoris, and Pichia methanolica. Methods for trans 
forming S. cerevisiae cells with exogenous DNA and pro 
ducing recombinant polypeptides therefrom are disclosed 
by, for example, Kawasaki, U.S. Pat. No. 4,599,311; 
Kawasaki et al., U.S. Pat. No. 4,931,373; Brake, U.S. Pat. 
No. 4,870,008; Welch et al., U.S. Pat. No. 5,037,743; and 
Murray et al., U.S. Pat. No. 4,845,075. Transformed cells are 
selected by phenotype determined by the selectable marker, 
commonly drug resistance or the ability to grow in the 
absence of a particular nutrient (e.g., leucine). A preferred 
vector system for use in Saccharomyces cerevisiae is the 
POT1 vector system disclosed by Kawasaki et al. (U.S. Pat. 
No. 4,931,373), which allows transformed cells to be 
selected by growth in glucose-containing media. Suitable 
promoters and terminators for use in yeast include those 
from glycolytic enZyme genes (see, e. g., Kawasaki, U.S. Pat. 
No. 4,599,311; Kingsman et al., U.S. Pat. No. 4,615,974; 
and Bitter, U.S. Pat. No. 4,977,092) and alcohol dehydro 
genase genes. See also U.S. Pat. Nos. 4,990,446; 5,063,154; 
5,139,936 and 4,661,454. Transformation systems for other 
yeasts, including Hansenula polymorpha, Schizosaccharo 
myces pombe, Kluyveromyces lactis, Kluyveromyces fragi 
lis, Ustilago maydis, Pichia pastoris, Pichia methanolica, 
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Pichia guillermondii and Candida maltosa are known in the 
art. See, for example, Gleeson et al., J. Gen. Microbiol. 
132:3459-65, 1986 and Cregg, U.S. Pat. No. 4,882,279. 
Aspergillus cells may be utiliZed according to the methods 
of McKnight et al., U.S. Pat. No. 4,935,349. Methods for 
transforming Acremonium chrysogenum are disclosed by 
Sumino et al., U.S. Pat. No. 5,162,228. Methods for trans 
forming Neurospora are disclosed by LambowitZ, U.S. Pat. 
No. 4,486,533. The use ofPichia methanolica as host for the 
production of recombinant proteins is disclosed in U.S. Pat. 
Nos. 5,955,349, 5,888,768 and 6,001,597, U.S. Pat. No. 
5,965,389, U.S. Pat. No. 5,736,383, and U.S. Pat. No. 
5,854,039. 
[0124] It is preferred to purify the polypeptides and pro 
teins of the present invention to >80% purity, more prefer 
ably to >90% purity, even more preferably >95% purity, and 
particularly preferred is a pharmaceutically pure state, that is 
greater than 99.9% pure with respect to contaminating 
macromolecules, particularly other proteins and nucleic 
acids, and free of infectious and pyrogenic agents. Prefer 
ably, a puri?ed polypeptide or protein is substantially free of 
other polypeptides or proteins, particularly those of animal 
origin. 
[0125] Expressed recombinant lL-28 or lL-29 proteins 
(including chimeric polypeptides and multimeric proteins) 
are puri?ed by conventional protein puri?cation methods, 
typically by a combination of chromatographic techniques. 
See, in general, A?inity Chromatography: Principles & 
Methods, Pharmacia LKB Biotechnology, Uppsala, Sweden, 
1988; and Scopes, Protein Puri?cation: Principles and 
Practice, Springer-Verlag, New York, 1994. Proteins com 
prising a polyhistidine a?inity tag (typically about 6 histi 
dine residues) are puri?ed by af?nity chromatography on a 
nickel chelate resin. See, for example, Houchuli et al., 
Bio/Technol. 6: 1321-1325, 1988. Proteins comprising a 
glu-glu tag can be puri?ed by immunoa?inity chromatog 
raphy according to conventional procedures. See, for 
example, Grussenmeyer et al., supra. Maltose binding pro 
tein fusions are puri?ed on an amylose column according to 
methods known in the art. 

[0126] lL-28 or lL-29 polypeptides can also be prepared 
through chemical synthesis according to methods known in 
the art, including exclusive solid phase synthesis, partial 
solid phase methods, fragment condensation or classical 
solution synthesis. See, for example, Merri?eld, J. Am. 
Chem. Soc. 85:2149, 1963; Stewart et al., Solid Phase 
Peptide Synthesis (2nd edition), Pierce Chemical Co., Rock 
ford, Ill., 1984; Bayer and Rapp, Chem. Pept. Prot. 3:3, 
1986; and Atherton et al., Solid Phase Peptide Synthesis: A 
Practical Approach, IRL Press, Oxford, 1989. In vitro 
synthesis is particularly advantageous for the preparation of 
smaller polypeptides. 

[0127] Generally, the dosage of administered lL-28 or 
lL29 polypeptide of the present invention will vary depend 
ing upon such factors as the patient’s age, weight, height, 
sex, general medical condition and previous medical history. 
Typically, it is desirable to provide the recipient with a 
dosage of lL-28 or lL29 polypeptide which is in the range 
of from about 1 pg/kg to 10 mg/kg (amount of agent/body 
weight of patient), although a lower or higher dosage also 
may be administered as circumstances dictate. One skilled in 
the art can readily determine such dosages, and adjustments 
thereto, using methods known in the art. 






















































































































































































































































