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CYTOKINE ZALPHAll LIGAND 
POLYNUCLEOTIDES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

REFERENCE TO RELATED APPLICATIONS 

This application is a divisional of US. Ser. No. 09/923, 
246?led on Aug. 3, 200], which issued as US. Pat. No. 
6,605,272, 011 Aug. 12, 2003, which was a divisional ofU.S. 
Ser. No. 09/522,217, ?led Mar. 9, 2000, issued as US. Pat. 
No. 6,307,024, on Oct. 23, 2001; and is related to Provi 
sional Applications 60/123,547, ?led on Mar. 9, 1999; No. 
60/123,904, ?led on Mar. 11, 1999; and No. 60/142,013, 
?led on Jul. 1, 1999; for which claims of bene?t are made 
under 35 U.S.C. §§1 19(e)(1) and 120. 

BACKGROUND OF THE INVENTION 

Proliferation and differentiation of cells of multicellular 
organisms are controlled by hormones and polypeptide 
growth factors. These diffusable molecules allow cells to 
communicate with each other and act in concert to form 
cells, tissues and organs, and to repair damaged tissue. 
Examples of hormones and growth factors include the ste 
roid hormones (e.g. estrogen, testosterone), parathyroid 
hormone, follicle stimulating hormone, the interluekins, 
platelet derived growth factor (PDGF), epidermal growth 
factor (EGF), granulocyte-macrophage colony stimulating 
factor (GM-CSF), erythropoietin (EPO) and calcitonin. 
Hormones and growth factors in?uence cellular metabo 

lism by binding to receptors. Receptors may be integral 
membrane proteins that are linked to signaling pathways 
within the cell, such as second messenger systems. Other 
classes of receptors are soluble molecules, such as the tran 
scription factors. 

Cytokines generally stimulate proliferation or differentia 
tion of cells of the hematopoietic lineage or participate in the 
immune and in?ammatory response mechanisms of the 
body. Examples of cytokines which affect hematopoiesis are 
erythropoietin (EPO), which stimulates the development of 
red blood cells; thrombopoietin (TPO), which stimulates 
development of cells of the megakaryocyte lineage; and 
granulocyte-colony stimulating factor (G-CSF), which 
stimulates development of neutrophils. These cytokines are 
useful in restoring normal blood cell levels in patients suffer 
ing from anemia, thrombocytopenia, and neutropenia or 
receiving chemotherapy for cancer. 

The interluekins are a family of cytokines that mediate 
immunological responses, including in?ammation. The 
interluekins mediate a variety of in?ammatory pathologies. 
Central to an immune response is the T cell, which produce 
many cytokines and adaptive immunity to antigens. Cytok 
ines produced by the T cell have been classi?ed as type 1 and 
type 2 (Kelso, A. Immun. Cell Biol. 76:300i3l7, 1998). 
Type I cytokines include IL-2, IFN-y, LT-(X, and are involved 
in in?ammatory responses, viral immunity, intracellular 
parasite immunity and allograft rejection. Type 2 cytokines 
include IL-4, IL-5, IL-6, IL-10 and IL-13, and are involved 
in humoral responses, helminth immunity and allergic 
response. Shared cytokines between Type 1 and 2 include 
IL-3, GM-CSF and TNF-ot. There is some evidence to sug 
gest that Type 1 and Type 2 producing T cell populations 
preferentially migrate into different types of in?amed tissue. 

Mature T cells may be activated, i.e., by an antigen or 
other stimulus, to produce, for example, cytokines, bio 
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2 
chemical signaling molecules, or receptors that further in?u 
ence the fate of the T cell population. 

B cells can be activated via receptors on their cell surface 
including B cell receptor and other accessory molecules to 
perform accessory cell functions, such as production of 
cytokines. 

Natural killer (NK) cells have a common progenitor cell 
with T cells and B cells, and play a role in immune surveil 
lance. NK cells, which comprise up to 15% of blood 
lymphocytes, do not express antigen receptors, and therefore 
do not use MHC recognition as requirement for binding to a 
target cell. NK cells are involved in the recognition and kill 
ing of certain tumor cells and virally infected cells. In vivo, 
NK cells are believed to require activation, however, in vitro, 
NK cells have been shown to kill some types of tumor cells 
without activation. 

The demonstrated in vivo activities of the cytokine family 
illustrate the enormous clinical potential of, and need for, 
other cytokines, cytokine agoni sts, and cytokine antagonists. 
The present invention addresses these needs by providing a 
new cytokine that stimulates cells of the hematopoietic cell 
lineage, as well as related compositions and methods. 

The present invention provides such polypeptides for 
these and other uses that should be apparent to those skilled 
in the art from the teachings herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of a multiple alignment of human 
IL-2, human IL-15, Zalpha11 Ligand (SEQ ID NO: 2), 
human IL-4, mouse IL-4, human GM-CSF and mouse 
GM-CSF. 

FIGS. 2Ai2D is a Hopp/Woods hydrophilicity plot of 
human Zalpha11 Ligand. 

DETAILED DESCRIPTION OF THE INVENTION 

Prior to setting forth the invention in detail, it may be 
helpful to the understanding thereof to de?ne the following 
terms: 

The term “a?inity tag” is used herein to denote a polypep 
tide segment that can be attached to a second polypeptide to 
provide for puri?cation or detection of the second polypep 
tide or provide sites for attachment of the second polypep 
tide to a substrate. In principal, any peptide or protein for 
which an antibody or other speci?c binding agent is avail 
able can be used as an a?inity tag. A?inity tags include a 
poly-histidine tract, protein A (Nilsson et al., EMBO J. 
4:1075, 1985; Nilsson et al., Methods EnZymol. 198:3, 
1991), glutathione S transferase (Smith and Johnson, Gene 
67:31, 1988), Glu-Glu a?inity tag (Grussenmeyer et al., 
Proc. Natl. Acad. Sci. USA 82:7952i4, 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., Pro 
tein Expression and Puri?cation 2: 954107, 1991, DNAs 
encoding a?inity tags are available from commercial suppli 
ers (e.g., Pharmacia Biotech, Piscataway, N.J.). 
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. 
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The terms “amino-terminal” and “carboxyl-terminal” are 
used herein to denote positions Within polypeptides. Where 
the context allows, these terms are used With reference 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 nec 
essarily at the carboxyl terminus of the complete polypep 
tide. 

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) or 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 
complement pair preferably has a binding a?inity of <109 
M‘'. 

The term “complements of a polynucleotide molecule” 
denotes a polynucleotide molecule having a complementary 
base sequence and reverse orientation as compared to a ref 
erence sequence. For example, the sequence 5' ATG 
CACGGG 3' is complementary to 5'CCCGTGCAT 3'. 

The term “degenerate nucleotide sequence” denotes a 
sequence of nucleotides that includes one or more degener 
ate codons (as compared to a reference polynucleotide mol 
ecule that encodes a polypeptide). Degenerate codons con 
tain different triplets of nucleotides, but encode the same 
amino acid residue (i.e., GAU and GAC triplets each encode 
Asp). 

The term “expression vector” is used to denote a DNA 
molecule, linear or circular, that comprises a segment encod 
ing a polypeptide of interest operably linked to additional 
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 elements of both. 

The term “isolated”, When applied to a polynucleotide, 
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 production 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 terminators. The identi?ca 
tion of associated regions Will be evident to one of ordinary 
skill in the art (see for example, Dynan and Tijan, Nature 
316177448, 1985). 
An “isolated” polypeptide or protein is a polypeptide 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 pref 
erably greater than 99% pure. When used in this context, the 
term “isolated” does not exclude the presence of the same 
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4 
polypeptide in alternative physical forms, such as dimers or 
alternatively glycosylated or derivatiZed forms. 
The term “neoplastic”, When referring to cells, indicates 

cells undergoing neW and abnormal proliferation, particu 
larly in a tissue Where in the proliferation is uncontrolled and 
progressive, resulting in a neoplasm. The neoplastic cells 
can be either malignant, i.e. invasive and metastatic, or 
benign. 
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. 
The term “ortholog” denotes a polypeptide or protein 

obtained from one species that is the functional counterpart 
of a polypeptide or protein from a different species. 
Sequence differences among orthologs are the result of spe 
ciation. 

“Paralogs” are distinct but structurally related proteins 
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. 
A “polynucleotide” is a single- or double-stranded poly 

mer 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, synthesiZed 
in vitro, or prepared from a combination of natural and syn 
thetic molecules. SiZes of polynucleotides are expressed as 
base pairs (abbreviated “bp”), nucleotides (“nt”), or kilo 
bases (“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 polynucleotide 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 molecule may not be 
paired. 
A “polypeptide” is a polymer of amino acid residues 

joined by peptide bonds, Whether produced naturally or syn 
thetically. Polypeptides of less than about 10 amino acid 
residues are commonly referred to as “peptides”. 

The term “promoter” is used herein for its ar‘t-recogniZed 
meaning to denote a portion of a gene containing DNA 
sequences that provide for the binding of RNA polymerase 
and initiation of transcription. Promoter sequences are 
commonly, but not alWays, found in the 5' non-coding 
regions of genes. 
A “protein” is a macromolecule comprising one or more 

polypeptide chains. A protein may also comprise non 
peptidic components, such as carbohydrate groups. Carbo 
hydrates 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 structures; substituents 
such as carbohydrate groups are generally not speci?ed, but 
may be present nonetheless. 
The term “receptor” denotes a cell-associated protein 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 structure comprising an 
extracellular ligand-binding domain and an intracellular 
effector domain that is typically involved in signal transduc 
tion. Binding of ligand to receptor results in a conforma 
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tional change in the receptor that causes an interaction 
betWeen the effector domain and other molecule(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, mobili 
Zation of membrane lipids, cell adhesion, hydrolysis of 
inositol lipids and hydrolysis of phospholipids. In general, 
receptors can be membrane bound, cytosolic or 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). 

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. 

The term “splice variant” is used herein to denote alterna 
tive forms of RNA transcribed from a gene. Splice variation 
arises naturally through use of alternative splicing sites 
Within a transcribed RNA molecules, 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. 

Molecular Weights and lengths of polymers determined 
by imprecise analytical methods (e.g., gel electrophoresis) 
Will be understood to be approximate values. When such a 
value is expressed as “about” X or “approximately” X, the 
stated value of X Will be understood to be accurate to 110%. 

All references cited herein are incorporated by reference 
in their entirety. 

The present invention is based in part upon the discovery 
of a novel DNA sequence that encodes a protein having the 
structure of a four-helical-bundle cytokine. Through pro 
cesses of cloning, proliferation assays and binding studies 
described in detail herein, a polynucleotide sequence encod 
ing a novel ligand polypeptide has been identi?ed that is a 
ligand With high speci?city for the previously orphan recep 
tor Zalpha11. This polypeptide ligand, designated Zalpha11 
Ligand, Was isolated from a cDNA library generated from 
activated human peripheral blood cells (hPBCs), Which Were 
selected for CD3. CD3 is a cell surface marker unique to 
cells of lymphoid origin, particularly T cells. 

In the examples Which folloW, a cell line that is dependent 
on the Zalpha11 orphan receptor-linked pathWay for survival 
and groWth in the absence of other groWth factors Was used 
to screen for a source of the cDNA encoding the Zalpha11 
Ligand. The preferred groWth factor-dependent cell line that 
Was used for transfection and expression of Zalpha11 recep 
tor Was BaF3 (Palacios and Steinmetz, Cell 41: 7274734, 
1985; Mathey-Prevot et al., Mol. Cell. Biol. 6: 413344135, 
1986). HoWever, other groWth factor-dependent cell lines, 
such as FDC-Pl (Hapel et al., Blood 64: 7864790, 1984), 
and MO7e (Kiss et al., Leukemia 7: 2354240, 1993) are 
suitable for this purpose. 
The amino acid sequence for the Zalpha11 receptor indi 

cated that the encoded receptor belonged to the Class I 
cytokine receptor subfamily that includes, but is not limited 
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6 
to, the receptors for IL-2, IL-4, IL-7, IL-15, EPO, TPO, 
GM-CSF and G-CSF (for a revieW see, Cosman, “The 
Hematopoietin Receptor Superfamily” in Cytokine 5(2): 
954106, 1993). The Zalpha11 receptor is fully described in 
commonly-oWned PCT Patent Application No. US99/ 
22149. Analysis of the tissue distribution of the mRNA of 
the Zalpha11 receptor revealed expression in lymph node, 
peripheral blood leukocytes (PBLs), spleen, bone marroW, 
and thymus. Moreover, the mRNA Was abundant in the Raji 
cell line (ATCC No. CCL-86) derived from a Burkitt’s lym 
phoma. The tissue distribution of the receptor suggests that a 
target for the predicted Zalpha11 Ligand is hematopoietic 
lineage cells, in particular lymphoid progenitor cells and 
lymphoid cells. Other knoWn four-helical-bundle cytokines 
that act on lymphoid cells include IL-2, IL-4, IL-7, and 
IL-15. For a revieW of four-helical-bundle cytokines, see, 
Nicola et al., Advances in Protein Chemistry 52:1*65, 1999 
and Kelso, A., Immunol. Cell Biol. 76:300*317, 1998. 

Conditioned media (CM) from CD3+ selected, PMA/ 
Ionomycin-stimulated human peripheral blood cells sup 
ported the groWth of BaF3 cells that expressed the Zalpha11 
receptor and Were otherWise dependent on IL-3. Condi 
tioned medias from cells that Were not: 1) PMA/Ionomycin 
stimulated; or Were not: 2) CD3 selected (With or Without 
PMA/Ionomycin stimulation) did not support the groWth of 
BaF3/Zalpha11 receptor cells. Control experiments demon 
strated that this proliferative activity Was not attributable to 
other knoWn groWth factors, and that the ability of such con 
ditioned media to simulate proliferation of Zalpha11 
receptor-expressing cells could be neutraliZed by a soluble 
form of the receptor. 

Proliferation of zalphall receptor-expressing BaF3 cells 
exposed to CM from CD3+ selected, PMA/Ionomycin 
stimulated human peripheral blood cells Were identi?ed by 
visual inspection of the cultures and/or by proliferation 
assay. Many suitable proliferation assays are knoWn in the 
art, and include assays for reduction of a dye such as 
[alamarBlueTM] cell growth and cyloloxicily indicator dye 
ALAMAR BLUETM alamar blue (AccuMed International, 
Inc. Westlake, Ohio), 3-(4,5-dimethylthiaZol-2-yl)-2,5 
diphenyl tetraZolium bromide (Mosman, J . Immunol. Meth. 
65: 55463, 1983); 3,(4,5 dimethyl thiaZol-2-yl)-5-3 
carboxymethoxyphenyl-2H-tetraZolium; 2,3-bis(2 
methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino) 
carbonyl]-2H-tetraZolium hydroxide; and cyanoditolyl 
tetraZolium chloride (Which are commercially available 
from Polysciences, Inc., Warrington, Pa.); mitogenesis 
assays, such as measurement of incorporation of 
3H-thymidine; dye exclusion assays using, for example, 
naphthalene black or trypan blue; dye uptake using diacetyl 
?uorescein; and chromium release. See, in general, 
Freshney, Culture of Animal Cells: A Manual of Basic 
Technique, 3rd ed., Wiley-Liss, 1994, Which is incorporated 
herein by reference. 
A cDNA library Was prepared from CD3+ selected, PMA 

and lonomycin-stimulated primary human peripheral blood 
cells. The CD3+ selected, PMA- and lonomycin-stimulated 
human peripheral blood cells cDNA library Was divided into 
pools containing multiple cDNA molecules and Was trans 
fected into a host cell line, for example, BHK 570 cells 
(ATCC accession no. 10314). The transfected host cells 
Were cultured in a medium that did not contain exogenous 
groWth factors and conditioned medium Was collected. The 
conditioned media Were assayed for the ability to stimulate 
proliferation of BaF3 cells transfected With the Zalpha11 
receptor. CDNA pools producing conditioned medium that 
stimulated BaF3/Zalpha11 receptor cells Were identi?ed. 
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This pooled plasmid cDNA Was electroporated into E. coli. 
CDNA Was isolated from single colonies and transfected 
individually into BHK 570 cells. Positive clones Were iden 
ti?ed by a positive result in the BaF3/Zalpha11 receptor pro 
liferation assay, and speci?city Was tested by neutralization 
of proliferation using the soluble Zalphall receptor. 
A positive clone Was isolated, and sequence analysis 

revealed that the polynucleotide sequence contained Within 
the plasmid DNA Was novel. The secretory signal sequence 
is comprised of amino acid residues 1 (Met) to 31 (Gly), and 
the mature polypeptide is comprised of amino acid residues 
32 (Gln) to 162 (Ser) (as shoWn in SEQ ID NO: 2). 

In general, cytokines are predicted to have a four-alpha 
helix structure, With helices A, C and D being most impor 
tant in ligand-receptor interactions, and are more highly con 
served among members of the family. Referring to the 
human Zalpha1 1 Ligand amino acid sequence shoWn in SEQ 
ID N012, alignment of human Zalphall Ligand, human 
IL-15, human IL-4, and human GM-CSF amino acid 
sequences it is predicted that Zalphall Ligand helix A is 
de?ned by amino acid residues 41*56; helix B by amino acid 
residues 69*84; helix C by amino acid residues 92*105; and 
helix D by amino acid residues 135*148; as shoWn in SEQ 
ID NO: 2. Structural analysis suggests that the A/B loop is 
long, the B/C loop is short and the C/ D loop is parallel long. 
This loop structure results in an up-up-doWn-doWn helical 
organization. The cysteine residues are absolutely conserved 
betWeen Zalphall Ligand and IL-15, as shoWn in FIG. 1. 
The cysteine residues that are conserved betWeen IL-15 and 
Zalphall Ligand correspond to amino acid residues 71, 78, 
122 and 125 of SEQ ID NO: 2. Conservation of some of the 
cysteine residues is also found in IL-2, IL-4, GM-CSF and 
Zalphall Ligand corresponding to amino acid residues 78 
and 125 of SEQ ID NO: 2, as shoWn in FIG. 1. Consistent 
cysteine placement is further con?rmation of the four 
helical-bundle structure. Also highly conserved in the family 
comprising IL-15, IL-2, IL-4, GM-CSF and Zalphall 
Ligand is the Glu-Phe-Leu sequence as shoWn in SEQ ID 
NO: 2 at residues 136*138, as in FIG. 1. 

Further analysis of Zalphall Ligand based on multiple 
alignments (as shoWn in FIG. 1) predicts that amino acid 
residues 44, 47 and 135 (as shoWn in SEQ ID NO: 2) play an 
important role in Zalphall Ligand binding to its cognate 
receptor. Moreover, the predicted amino acid sequence of 
murine Zalpha1 1 Ligand shoWs 57% identity to the predicted 
human protein. Based on comparison betWeen sequences of 
human and murine Zalphall Ligand Well-conserved resi 
dues Were found in the regions predicted to encode alpha 
helices A and D. The corresponding polynucleotides encod 
ing the Zalphall Ligand polypeptide regions, domains, 
motifs, residues and sequences described herein are as 
shoWn in SEQ ID NO:1. 

Detailed mutational analysis has been performed for IL-4 
and IL-2, both of Which are highly related to Zalphall 
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important for binding to IL-2Rl3; critical residues are 
Asp34, Asn99, and Asnlo3. Multiple residues Within murine 
IL-2 loop A/ B and helix B are important for IL-2R0t binding, 
While only a single residue, Gin141 in helix D, is vital for 
binding With IL-2R0t. Similarly, helices A and C are sites of 
interaction betWeen IL-4 and IL-4RO. (the structurally simi 
lar to IL-2R0t), and residues Within helix D are vital for 
IL-2R0t interaction (Wang et al., Proc. Natl. Acad. Sci. USA 
94zl657il662, 1997; Kruse et al., EMBO J. 11:3237A3244, 
1992). In particular, the mutation Tyr124 to Asp in human 
IL-4 creates an antagonist, Which binds With IL-4RO. but not 
IL-2R0t and therefore cannot signal (Kruse et al. ibid. 1992). 
While helix A is relatively Well-conserved betWeen 

human and murine Zalphall Ligand, helix C is more diver 
gent. While both species have predominant acidic amino 
acids in this region, the differences may account for species 
speci?city in interaction betWeen Zalphall Ligand and its 
“beta” type receptor, Zalphall. Loop A/B and helix B of 
Zalphall Ligand are Well-conserved betWeen species; 
although no receptor subunit corresponding to IL-2R0t has 
yet been identi?ed, conservation through this region sug 
gests that it is functionally signi?cant. The D helices of 
human and murine Zalphall Ligand are also highly con 
served. Zalphall receptor antagonists may be designed 
through mutations Within Zalphall Ligand helix D. These 
may include truncation of the protein from residue Gln145 
(SEQ ID NO: 2), or mutations of Gln145 or Ile148 (of SEQ ID 
NO: 2; corresponding to Tyr124 in human IL-4) to residues 
such as Ala or Asp. Any mutation Which disrupts the Zal 
phall Ligand helical structure may abolish binding With its 
receptor and thus inhibit signaling. 

Four-helical bundle cytokines are also grouped by the 
length of their component helices. “Long-helix” form cytok 
incs gcncrally consist of between 24*30 rcsiduc helices, and 
include IL-6, ciliary neutrotrophic factor (CNTF), leukemia 
inhibitory factor (LIF) and human groWth hormone (hGH). 
“Short-helix” form cytokines generally consist of betWeen 
18*21 residue helices and include IL-2, IL-4 and GM-CSF. 
Zalphall Ligand is believed to be a neW member of the 
short-helix form cytokine group. Studies using CNTF and 
IL-6 demonstrated that a CNTF helix can be exchanged for 
the equivalent helix in IL-6, conferring CTNF-binding prop 
erties to the chimers. Thus, it appears that functional 
domains of four-helical cytokines are determined on the 
basis of structural homology, irrespective of sequence 
identity, and can maintain functional integrity in a chimera 
(Kallen et al., J. Biol. Chem. 274zll859ill867, 1999). 
Therefore, the helical domains of Zalphall Ligand Will be 
useful for preparing chimeric fusion molecules, particularly 
With other short-helix form cytokines to determine and 
modulate receptor binding speci?city. Of particular interest 
are fusion proteins engineered With helix A and/or helix D, 
and fusion proteins that combine helical and loop domains 
from other short-form cytokines such as IL-2, IL-4, IL-15 
and GM-CSF. The amino acid residues comprising helices 
A, B, C, and D, and loops A/B, B/C and C/D for Zalphall 

55 
ligand. Analysis of murine IL-2 (ZuraWski et al., EMBO J. Ligand, IL-2, IL-4, IL-15 and GM-CSF are shoWn in Table 
12151135119, 1993) shoWs residues in helices A and C are 1. 

TABLE 1 

Helix NB Helix B/C Helix C/D Helix 

A Loop B Loop C Loop D 

Zalphall 41-56 57-68 69-84 85-91 92-105 106-134 135-148 SEQ 

Ligand ID NO: 2 

residues 
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TABLE l-continued 

Helix NB Helix B/C Helix C/D Helix 
A Loop B Loop C Loop D 

IL-2 36-46 47-52 53-75 76-86 87-99 100-102 103-121 SEQ 
residues ID NO: 111 
IL-4 29-43 44-64 65-83 84-94 95-118 119-133 134-151 SEQ 
residues ID NO: 112 
1L-15 45-68 69-83 84-101 102-106 107-119 120-133 134-160 SEQ 
residues ID NO: 113 
GM- 30-44 45-71 72-81 82-90 91-102 103-119 120-131 SEQ 
CSF ID NO: 114 
residues 

. ~ ~ ~ The present 1nvent1on prov1des polynucleot1de molecules, 

including DNA and RNA molecules, that encode the Za1- TABLE 3-continued 
pha11 Ligand polypeptides disclosed herein. Those skilled O 
. . . . . . H6 

1n the art W111 readlly recogmZ'e that, 1n v1eW of the degen- Amino Lam D?gen?mte 
eracy of the genet1c code, conslderable sequence vanat1on1s 20 Acid Code codons codon 
possible among these polynucleotide molecules. SEQ ID 

_ . Thr T ACA ACC ACG ACT ACN 
N0.3 1s a degenerate DNA sequence that encompasses all Pro P CCA CCC CCG CCT CCN 
DNAs that encode the Za1pha11 Ligand polypeptide of SEQ Ala A GCA GCC GCG GCT GCN 
ID N012. Those skilled in the art Will recognize that the Gly G GGA GGC GGG GGT GGN 
de enerate se uence of SEQ ID N013 also rovides all RNA 25 ASH N AAC AAT AAY 

g q _ 1 P _ _ Asp D GAC GAT GAY 

sequences encod1ng SEQ ID N012 by subst1tut1ng U for T. Glu E GAA GAG GAR 
Thus, Za1pha11 Ligand polypeptide-encoding polynucle- Gln Q CAA CAG CAR 
otides comprising nucleotide 1 or 97 to nucleotide 486 of His H CAC CAT CAY 
SEQ ID N013 and their RNA equivalents are contemplated 5‘: II: AGAIZGAg CGA CGC CGG CGT gig? 
by the present invention. Table 2 sets forth the one-letter 30 Ma M ATG ATG 
codes used Within SEQ ID N013 to denote degenerate nucle- Ile I ATA ATC ATT ATH 
otide positions. “Resolutions” are the nucleotides denoted Leu L CTA CTC CTG CTT TTA TTG YTN 

by a code letter. “Complement” indicates the code for the ‘Ff GTG GTT complementary nucleotide(s). For example, the code Y Tyr Y TAC TAT TSY 

denotes either C or T, and its complement R denotes A or G, 35 Tip W TGG TGG 
With A being complementary to T, and G being complemen- T“ TAA TAG TGA TRR 
ta to C AsnlAsp B RAY 
ry ' GlulGln Z SAR 

Any X NNN 
TABLE 2 

40 
Nucleotide Resolution Complement Resolution One of ordinary skill in the art Will appreciate that some 

ambiguity is introduced in determining a degenerate codon, 
A A T T . . . . 

C C G G representatlve of all poss1ble codons encod1ng each am1no 
G G C C acid. For example, the degenerate codon for serine (WSN) 
T T A A 45 can, in some circumstances, encode arginine (AGR), and the 
i E degenerate codon for arginine (MGN) can, in some 
M A‘C K G‘T circumstances, encode serine (AGY). A similar relationship 
K GlT M AlC exists between codons encoding phenylalanine and leucine. 
5 C16 5 C16 Thus, some polynucleotides encompassed by the degenerate 
‘g A’TlCT‘T ‘g All?” 50 sequence may encode variant amino acid sequences, but one 
B C‘G‘T V A‘C‘G of ordinary skill in the art can easily identify such variant 
V AlClG B ClGlT sequences by reference to the amino acid sequences of SEQ 
D AlGlT H AlClT ID N012. Variant sequences can be readily tested for func 
N AlClGlT N AlClGlT tionality as described herein. 

55 One of ordinary skill in the art Will also appreciate that 

The degenerate codons used in SEQ ID N013, encom- dlfferein specées C3111 exhibli gefellgnlzial IiOdO; 1118535569 11211 
assin all ossible codons for a iven amino acid, are set genera ’ See’ ran am’? a " 110' C1 S es‘ '_ T ’ 

11301111 ilgl Tabije 3 g 1980; Haas, et a1. Curr. B1ol. 613l5i24, 1996; Wa1n-Hobson, 
' et al., Gene l31355i64, 1981; Grosjean and Fiers, Gene 

TABLE3 60 181199*209, 1982; Holm, Nuc. Acids Res. 1413075*87, 
1986; Ikemura, J. Mol. Biol. l581573i97, 1982. As used 

0116 herein, the term “preferential codon usage” or “preferential 
Arnino Letter D?g?n?mt6 codons” is a term of art referring to protein translation 
Acld Code codons codon codons that are most frequently used in cells of a certain 

cys C TGC TGT TGY 65 species, thus favoring one or a feW representatives of the 
Ser S AGC AGT TCA TCC TCG TCT WSN possible codons encoding each amino acid (See Table 3). For 

example, the amino acid Threonine (Thr) may be encoded 
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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 codons for a par 
ticular 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 recom 
binant DNA can, for example, enhance production of the 
protein by making protein translation more ef?cient Within a 
particular cell type or species. Therefore, the degenerate 
codon sequence disclosed in SEQ ID NO:3 serves as a tem 
plate for optimizing expression of polynucleotides in various 
cell types and species commonly used in the art and dis 
closed herein. Sequences containing preferential codons can 
be tested and optimiZed for expression in various species, 
and tested for functionality as disclosed herein. 
As previously noted, the isolated polynucleotides of the 

present invention include DNA and RNA. Methods for pre 
paring DNA and RNA are Well knoWn in the art. In general, 
RNA is isolated from a tissue or cell that produces large 
amounts of Zalpha11 Ligand 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)+ RNA is 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 meth 
ods. In the alternative, genomic DNA can be isolated. Poly 
nucleotides encoding Zalpha11 Ligand polypeptides are then 
identi?ed and isolated by, for example, hybridiZation or 
PCR. 
A full-length clone encoding Zalpha11 Ligand can be 

obtained by conventional cloning procedures. Complemen 
tary 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 Zalpha11 receptor fragments, or 
other speci?c binding partners. 

Zalpha11 Ligand polynucleotide sequences disclosed 
herein can also be used as probes or primers to clone 5' 
non-coding regions of a Zalpha11 Ligand gene. In vieW of 
the tissue-speci?c expression observed for Zalpha11 Ligand 
this gene region is expected to provide for hematopoietic 
and lymphoid-speci?c expression. Promoter elements from 
a Zalpha11 Ligand gene could thus be used to direct the 
tissue-speci?c expression of heterologous genes in, for 
example, transgenic animals or patients treated With gene 
therapy. Cloning of 5' ?anking sequences also facilitates pro 
duction of Zalpha11 Ligand proteins by “gene activation” as 
disclosed in US. Pat. No. 5,641,670. Brie?y, expression of 
an endogenous Zalpha11 Ligand gene in a cell is altered by 
introducing into the Zalpha11 Ligand locus a DNA construct 
comprising at least a targeting sequence, a regulatory 
sequence, an exon, and an unpaired splice donor site. The 
targeting sequence is a Zalpha11 Ligand 5' non-coding 
sequence that permits homologous recombination of the 
construct With the endogenous Zalpha11 Ligand locus, 
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Whereby the sequences Within the construct become oper 
ably linked With the endogenous Zalpha11 Ligand coding 
sequence. In this Way, an endogenous Zalpha11 Ligand pro 
moter can be replaced or supplemented With other regulatory 
sequences to provide enhanced, tissue-speci?c, or otherWise 
regulated expression. 
The present invention further provides counterpart 

polypeptides and polynucleotides from other species 
(orthologs). These species include, but are not limited to 
mammalian, avian, amphibian, reptile, ?sh, insect and other 
vertebrate and invertebrate species. Of particular interest are 
Zalpha11 Ligand polypeptides from other mammalian 
species, including murine, porcine, ovine, bovine, canine, 
feline, equine, and other primate polypeptides. Orthologs of 
human Zalpha11 Ligand can be cloned using information 
and compositions provided by the present invention in com 
bination With conventional cloning techniques. For example, 
a cDNA can be cloned using mRNA obtained from a tissue 
or cell type that expresses Zalpha11 Ligand as disclosed 
herein. Suitable sources of mRNA can be identi?ed by prob 
ing Northern blots With probes designed from the sequences 
disclosed herein. A library is then prepared from mRNA of a 
positive tissue or cell line. A Zalpha11 Ligand-encoding 
cDNA can then be isolated by a variety of methods, such as 
by probing With a complete or partial human cDNA or With 
one or more sets of degenerate probes based on the disclosed 
sequences. A cDNA can also be cloned using the polymerase 
chain reaction, or PCR (Mullis, US. Pat. No. 4,683,202), 
using primers designed from the representative human Zal 
pha11 Ligand sequence disclosed herein. Within an addi 
tional method, the cDNA library can be used to transform or 
transfect host cells, and expression of the cDNA of interest 
can be detected With an antibody to Zalpha11 Ligand 
polypeptide, binding studies or activity assays. Similar tech 
niques can also be applied to the isolation of genomic 
clones. 
The polynucleotide sequence for the mouse ortholog of 

Zalpha11 Ligand has been identi?ed and is shoWn in SEQ ID 
NO: 55 and the corresponding amino acid sequence shoWn 
in SEQ ID NO: 56. There is 62% identity betWeen the mouse 
and human sequences over a 124 amino acid region that 
corresponds to residues 30 to 153 in SEQ ID NO: 2 and 
residues 23 to 146 of SEQ ID NO: 56 of Zalpha11 Ligand. 
Mature sequence for the mouse Zalpha11 Ligand putatively 
begins at His 18 (as shoWn in SEQ ID NO: 56), Which corre 
sponds to His25 (as shoWn in SEQ ID NO: 2) in the human 
sequence. Because a truncated form of the human polypep 
tide is active, it is likely that an equivalent polypeptide of the 
mouse Zalpha11 Ligand (i.e. Without residues His 18 to Pro22 
of SEQ ID NO: 56) is active as Well. Tissue analysis revealed 
that expression of mouse Zalpha11 Ligand is found in testis, 
spleen and thymus. 
Those skilled in the art Will recogniZe that the sequence 

disclosed in SEQ ID NO:1 represents a single allele of 
human Zalpha11 Ligand and that allelic variation and alter 
native splicing are expected to occur. Allelic variants of this 
sequence can be cloned by probing cDNA or genomic librar 
ies from different individuals according to standard proce 
dures. Allelic variants of the DNA sequence shoWn in SEQ 
ID NO:1, including those containing silent mutations and 
those in Which mutations result in amino acid sequence 
changes, are Within the scope of the present invention, as are 
proteins Which are allelic variants of SEQ ID NO:2. cDNAs 
generated from alternatively spliced mRNAs, Which retain 
the properties of the Zalpha11 Ligand polypeptide, are 
included Within the scope of the present invention, as are 
polypeptides encoded by such cDNAs and mRNAs. Allelic 
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variants and splice variants of these sequences can be cloned 
by probing cDNA or genomic libraries from different indi 
viduals or tissues according to standard procedures knoWn in 
the art. 

The Zalpha11 Ligand gene has been mapped to the IL-2 
framework marker SHGC-12342, positioning Zalpha11 
Ligand approximately 180 kb from the IL-2 marker. The use 
of surrounding markers positions the Zalpha11 Ligand gene 
in the 4q27 region on the integrated LDB chromosome 4 
map (The Genetic Location Database, University of 
Southhampton). The present invention also provides 
reagents Which Will ?nd use in diagnostic applications. For 
example, the Zalpha11 Ligand gene, a probe comprising Zal 
pha1 1 Ligand DNA or RNA or a subsequence thereof can be 
used to determine if the Zalpha11 Ligand gene is present on a 
human chromosome, such as chromosome 4, or if a gene 
mutation has occurred. Based on annotation of a fragment of 
human genomic DNA containing a part of Zalpha11 Ligand 
genomic DNA (Genbank Accession No. AC007458), Zal 
pha11 Ligand is located at the 4q27 region of chromosome 
4. Detectable chromosomal aberrations at the Zalpha11 
Ligand gene locus include, but are not limited to, 
aneuploidy, gene copy number changes, loss of heterogene 
ity (LOH), translocations, insertions, deletions, restriction 
site changes and rearrangements. Such aberrations can be 
detected using polynucleotides of the present invention by 
employing molecular genetic techniques, such as restriction 
fragment length polymorphism (RFLP) analysis, short tan 
dem repeat (STR) analysis employing PCR techniques, and 
other genetic linkage analysis techniques knoWn in the art 
(Sambrook et al., ibid.; Ausubel et. al., ibid.; Marian, Chest 
1081255465, 1995). 
The precise knowledge of a gene’s position can be useful 

for a number of purposes, including: 1) determining if a 
sequence is part of an existing contig and obtaining addi 
tional surrounding genetic sequences in various forms, such 
as YACs, BACs or cDNA clones; 2) providing a possible 
candidate gene for an inheritable disease Which shoWs link 
age to the same chromosomal region; and 3) cross 
referencing model organisms, such as mouse, Which may aid 
in determining What function a particular gene might have. 
As stated previously, human Zalpha11 Ligand gene 

resides near the IL-2 gene, Which is in a region of chromo 
some 4q that has been shoWn to have linkage With suscepti 
bility to in?ammatory boWel disease (IBD) (including 
Crohn’s disease (CD) and ulcerative colitis) in some families 
(Hampe et al. Am. J. Hum. Genet. 64:808*816, 1999; Cho et 
al. Proc. Natl. Acad. Sci. 95750247507, 1998). In addition, 
the Zalpha11 receptor gene maps to 16p11, another genomic 
region Which is associated With susceptibility to CD (Hugot 
et al., Nature 3798214823, 1996; Ohmen et al., Hum. Mol. 
Genet. 5167941683, 1996). CD is a chronic in?ammation 
of the gut With frequent systemic involvement; While the 
exact etiology is unknoWn, immunoregulatory dysfunction 
involving failure of tolerance to ordinary gut antigens is a 
major component (for revieWs, see (Braegger et al., Annals 
Allergy 721354141, 1994; Sartor, Am. J. Gastroenterol. 
92:5S*11S, 1997)). Several studies have found abnormal 
NK activity in CD patients (see, for example, (EgaWa et. al., 
J. Clin. Lab. Immunol. 20: 1 8741 92, 1986; Aparicio-Pages et 
al. J. Clin. Lab. Immunol. 29:119*124, 1989; van Tol et al., 
Scand. J. Gastroenterol. 27199941005, 1992)), and defective 
memory B cell formation has also been documented (Brogan 
et al., J. Clin. Lab. Immunol. 24z69i74, 1987). Since Zal 
pha11 Ligand plays a role in immune regulation, and since 
the genes for both receptor and ligand lie Within CD suscep 
tibility regions, both receptor and ligand are candidate genes 
for genetic predisposition to Crohn’s disease. 
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Determination of the involvement of Zalpha11 receptor 

and/or Zalpha11 Ligand in the pathology of IBD can be 
accomplished by several methods. Sequencing of exons 
from genomic DNA can reveal coding mutations (including 
missense, nonsense, and frameshift mutations), as can 
sequencing of cDNAs. An additional advantage of sequenc 
ing from genomic DNA is that splice junctions are also con 
tained Within the sequenced fragments and may reveal splic 
ing abnormalities, Which might not appear in cDNA samples 
if, for example, misspliced RNAs Were rapidly degraded. 
The genomic structure of Zalpha11 Ligand has been deter 
mined. Other methods for analysis of Zalpha11 Ligand and 
receptor in IBD patients include: (1) assessment of ligand 
production from activated T cells from patients vs. normal 
controls (i.e. by bioassay); (2) in situ hybridization of Zal 
pha11 receptor or Zalpha11 Ligand RNA to sections of 
in?amed intestine from IBD patients, compared to similar 
sections from normal controls; (3) immunohistochemistry 
on sections from IBD patients vs. normal controls; and (4) 
assessment of the responsiveness of patients’ peripheral B 
cells to Zalpha11 Ligand, as measured by mitogenesis 
assays. 
A diagnostic could assist physicians in determining the 

type of disease and appropriate associated therapy, or could 
assist in genetic counseling. As such, the inventive anti 
Zalpha11 Ligand antibodies, polynucleotides, and polypep 
tides can be used for the detection of Zalpha11 Ligand 
polypeptide, mRNA or anti-Zalpha11 Ligand antibodies, 
thus serving as markers and be directly used for detecting or 
genetic diseases or cancers, as described herein, using meth 
ods knoWn in the art and described herein. Further, Zalpha11 
Ligand polynucleotide probes can be used to detect abnor 
malities involving chromosome 4q27 as described herein. 
These abnormalities may be associated With human 
diseases, or tumorigenesis, spontaneous abortion or other 
genetic disorders. Thus, Zalpha11 Ligand polynucleotides 
probes can be used to detect abnormalities or genotypes 
associated With these defects. 
As discussed above, defects in the Zalpha11 Ligand gene 

itself may result in a heritable human disease state. Mol 
ecules of the present invention, such as the polypeptides, 
antagonists, agonists, polynucleotides and antibodies of the 
present invention Would aid in the detection, diagnosis 
prevention, and treatment of diseases associated With a Zal 
pha11 Ligand genetic defect. In addition, Zalpha11 Ligand 
polynucleotide probes can be used to detect allelic differ 
ences betWeen diseased or non-diseased individuals at the 
Zalpha11 Ligand chromosomal locus. As such, the Zalpha11 
Ligand sequences can be used as diagnostics in forensic 
DNA pro?ling. 

In general, the diagnostic methods used in genetic linkage 
analysis, to detect a genetic abnormality or aberration in a 
patient, are knoWn in the art. Most diagnostic methods com 
prise the steps of (i) obtaining a genetic sample from a 
potentially diseased patient, diseased patient or potential 
non-diseased carrier of a recessive disease allele; (ii) produc 
ing a ?rst reaction product by incubating the genetic sample 
With a Zalpha11 Ligand polynucleotide probe Wherein the 
polynucleotide Will hybridiZe to complementary polynucle 
otide sequence, such as in RFLP analysis or by incubating 
the genetic sample With sense and antisense primers in a 
PCR reaction under appropriate PCR reaction conditions; 
(iii) Visualizing the ?rst reaction product by gel electro 
phoresis and/ or other knoWn method such as visualiZing the 
?rst reaction product With a Zalpha11 Ligand polynucleotide 
probe Wherein the polynucleotide Will hybridiZe to the 
complementary polynucleotide sequence of the ?rst reac 
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tion; and (iv) comparing the visualized ?rst reaction product 
to a second control reaction product of a genetic sample 
from a normal or control individual. A difference betWeen 
the ?rst reaction product and the control reaction product is 
indicative of a genetic abnormality in the diseased or poten 
tially diseased patient, or the presence of a heterozygous 
recessive carrier phenotype for a non-diseased patient, or the 
presence of a genetic defect in a tumor from a diseased 
patient, or the presence of a genetic abnormality in a fetus or 
pre-implementation embryo. For example, a difference in 
restriction fragment pattern, length of PCR products, length 
of repetitive sequences at the zalpha11 Ligand genetic locus, 
and the like, are indicative of a genetic abnormality, genetic 
aberration, or allelic difference in comparison to the normal 
control. Controls can be from unaffected family members, or 
unrelated individuals, depending on the test and availability 
of samples. Genetic samples for use Within the present 
invention include genomic DNA, mRNA, and cDNA iso 
lated from any tissue or other biological sample from a 
patient, such as but not limited to, blood, saliva, semen, 
embryonic cells, amniotic ?uid, and the like. The polynucle 
otide probe or primer can be RNA or DNA, and Will com 
prise a portion of SEQ ID NO: 1, the complement of SEQ ID 
NO: 1, or an RNA equivalent thereof. Such methods of shoW 
ing genetic linkage analysis to human disease phenotypes 
are Well knoWn in the art. For reference to PCR based meth 
ods in diagnostics see, generally, MatheW (ed.), Protocols in 
Human Molecular Genetics (Humana Press, Inc. 1991), 
White (ed.), PCR Protocols: Current Methods and Applica 
tions (Humana Press, Inc. 1993), Cotter (ed.), Molecular 
Diagnosis of Cancer (Humana Press, Inc. 1996), Hanausek 
and Walaszek (eds.), Tumor Marker Protocols (Humana 
Press, Inc. 1998), Lo (ed.), Clinical Applications of PCR 
(Humana Press, Inc. 1998), and Meltzer (ed.), PCR in Bio 
analysis (Humana Press, Inc. 1998)). 

Mutations associated With the zalpha11 Ligand locus can 
be detected using nucleic acid molecules of the present 
invention by employing standard methods for direct muta 
tion analysis, such as restriction fragment length polymor 
phism analysis, short tandem repeat analysis employing 
PCR techniques, ampli?cation-refractory mutation system 
analysis, single-strand conformation polymorphism 
detection, RNase cleavage methods, denaturing gradient gel 
electrophoresis, ?uorescence-assisted mismatch analysis, 
and other genetic analysis techniques knoWn in the art (see, 
for example, MatheW (ed.), Protocols in Human Molecular 
Genetics (Humana Press, Inc. 1991), Marian, Chest 108:255 
(1995), Coleman and Tsongalis, Molecular Diagnostics 
(Human Press, Inc. 1996), Elles (ed.) Molecular Diagnosis 
of Genetic Diseases (Humana Press, Inc. 1996), Landegren 
(ed.), Laboratory Protocols for Mutation Detection (Oxford 
University Press 1996), Birren et al. (eds.), Genome 
Analysis, Vol. 2: Detecting Genes (Cold Spring Harbor 
Laboratory Press 1998), Dracopoli et al. (eds.), Current Pro 
tocols in Human Genetics (John Wiley & Sons 1998), and 
Richards and Ward, “Molecular Diagnostic Testing,” in Prin 
ciples of Molecular Medicine, pages 83*88 (Humana Press, 
Inc. 1998). Direct analysis of an zalpha11 Ligand gene for a 
mutation can be performed using a subject’s genomic DNA. 
Methods for amplifying genomic DNA, obtained for 
example from peripheral blood lymphocytes, are Well 
knoWn to those of skill in the art (see, for example, Dra 
copoli et al. (eds.), Current Protocols in Human Genetics, at 
pages 7.1.6 to 7.1.7 (John Wiley & Sons 1998)). 

Positions of introns in the zalpha11 Ligand gene Were 
determined by identi?cation of genomic clones, folloWed by 
sequencing the intron/exon junctions. The ?rst intron lies 
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betWeen amino acid residue 56 (Leu) and residue 57 (Val) in 
Seq. ID. No. 2, and is 115 base pairs in length. The second 
intron is the largest at 4.4 kilobases, and lies betWeen amino 
acid residue 68 (Glu) and residue 69 (Thr) in Seq. ID. No. 2. 
The third intron is 2.6 kilobases, and lies betWeen amino 
acid residue 120 (Ieu) and residue 121 (Thr) in Seq. ID. No. 
2. The ?nal intron, 89 base pairs, lies betWeen amino acid 
residue 146 (Lys) and residue 147 (Met) in Seq. ID. No. 2. 
The complete gene spans about 8 kb. 
The structure of the zalpha11 Ligand gene is similar to 

that of the IL-2 gene (Fujita et al. Proc. Natl. Acad. Sci. 
80:7437i744l, 1983), though the zalpha11 Ligand gene 
contains one additional intron (Intron 4). The pattern of a 
short ?rst intron and long second and third introns is con 
served betWeen the tWo genes, though the IL-2 gene is 
slightly smaller overall (about 6 kb). The IL-15 gene, on the 
other hand, consists of 8 exons and spans at least 34 kb 
(Anderson et al. Genomics 25:70li706, 1995). Thus the zal 
pha11 Ligand gene is more similar in structure to the IL-2 
gene than to the IL-15 gene. 

Within embodiments of the invention, isolated zalpha11 
Ligand-encoding nucleic acid molecules can hybridize 
under stringent conditions to nucleic acid molecules having 
the nucleotide sequence of SEQ ID NO:1, to nucleic acid 
molecules having the nucleotide sequence of nucleotides 47 
to 532 of SEQ ID NO:1, or to nucleic acid molecules having 
a nucleotide sequence complementary to SEQ ID NO:1. In 
general, stringent conditions are selected to be about 5° 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. 
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 strin 
gency 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 tempera 
ture increases and the ionic strength of the hybridization 
buffer decreases. 

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 pres 
ence of destabilizing agents in the hybridization solution. 
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 Cloning: A Laboratory 
Manual, Second Edition (Cold Spring Harbor Press 1989); 
Ausubel et al., (eds.), Current Protocols in Molecular Biol 
ogy (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 
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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 20e25o C. beloW the calculated Tm. For smaller 
probes, <50 base pairs, hybridization is typically carried out 
at the Tm or 5e10o C. beloW the calculated Tm. This alloWs 
for the maximum rate of hybridization for DNA-DNA and 
DNA-RNA hybrids. 

18 
or greater than 95% sequence identity in the sequence of 
amino acid residues 1 to 162 or 32 to 162 of SEQ ID NO:2. 
The present invention further includes nucleic acid mol 
ecules that encode such polypeptides. Methods for determin 
ing percent identity are described beloW. 
The present invention also contemplates variant zalpha11 

Ligand 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 of SEQ 

10 _ . . . . 

FolloWing hybridization, the nucleic acid molecules can ID N02’ and/Or 2} hybndlz_anon _assay’ as desc_nbed_ above‘ 
be Washed to remove non-hybridized nucleic acid molecules Such Zalphan Llgen‘l vartants Include ntlclelc acld mol' 
under stringent conditions, or under highly stringent condi- eeules? (1) that hyhhdlze Wlth a huelele aeld molecule ha_V' 
tions. Typical stringent Washing conditions include Washing lhg the hueleetlde Sequehee Of_SEQ ID_ _NO31_ (01" _1t5 
in a solution of 0.5><e2><SSC With 0.1% sodium dodecyl sul- Complement) uhder Stnhgeht Washlhg eohdltlohs, 1h Whleh 
fate (SDS) at 55*650 C_ That is’ nucleic acid molecules 15 the Wash stringency is equivalent to 0.5><*2><SSCW1II10.1% 
encoding a variant zalpha11 Ligand polypeptide hybridize SDS at 55*65o C; or (2) that eheede a Polypeptlde havlhg at 
With a nucleic acid molecule having the nucleotide sequence least 70%’ at least 80%> at least 90%> at least 95% or greater 
of SEQ ID NO:1 (or its complement) under stringent Wash- than 95% Sequehee idehtity t0 the amine aeid seqhehee Of 
ing conditions, in Which the Wash stringency is equivalent to SEQ ID NO_32~ Alterhatlvelya _Z211Ph2111 Llgahd Vahahts eah 
OSXiZXSSC With 01% SDS at 55*650 C” including 05X 20 be characterized as nucleic acid molecules: (1) that hybrid 
SSC With 01% SDS at 550 C” or gxssc With 01% SDS at ize With a nucleic acid molecule having the nucleotide 

65° C. One of skill in the art can readily devise equivalent Sequence of SEQ ID NQil (or _its Complement) under highly 
conditions, for example, by substituting SSPE for SSC in the Stnhgeht Washlhg eehdltlehss 1h Whleh the Wash sthhgehey 
Wash Solution is equivalent to 0.1><e0.2><SSC With 0.1% SDS at 50e65o C.; 

Typical highly stringent Washing conditions include 25 and (2) that encode a polypeptide having at least 70%’ at 
Washing in a solution of 0.1><e0.2><SSC With 0.1% sodium least 80%’ at least 90%’ at least 95% or greater than 95% 
dodecyl sulfate (SDS) at 5(k65° C. In other Words, nucleic seqtlence ldenmy to the ammo and Sequence of SEQ ID 
acid molecules encoding a variant zalpha11 Ligand polypep- N02‘ 
tide hybridize With a nucleic acid molecule having the nucle- 30 Percent sequence identity iS determined by Conventional 
otide sequence of SEQ ID NO;1 (or its complement) under methods. See, for example, Altschul et al., Bull. Math. Bio. 
highly stringent Washing conditions, in which the wash 5mm 48: 603 (1986), and Henikoff and Henikoff, Proc. Natl. Acad. 
gency is equivalent to 0.1><e0.2><SSC With 0.1% SDS at 301- USA 89110915 (1992) Brie?y, tWO amino acid 
50465° C,, including 0_1><SSC with 01% SDS at 50° C” or sequences are aligned to optimize the alignment scores using 
0.2><SSC With 0.1% SDS at 65° C. 35 a gap opening penalty of 10, a gap extension penalty of 1, 
The present invention also provides isolated zalpha11 ahdthe “BLOSUMeT, seenhg matnxef Hehlkefhahd 

Ligand polypeptides that have a substantially similar Hehlkeff (1h1d-) as shown In Table 4 (ahhhe aelds are lhdl' 
sequence identity to the polypeptides of SEQ ID NO:2, or eated by the Standard ehe'letter Codes) 
their orthologs. The term “substantially similar sequence 
identity” is used herein to denote polypeptides comprising at 40 Total number Of identical matches X 100 
least 70%, at least 80%, at least 90%, at least 95%, or greater [length of the longer Sequence P111S the 
than 95% sequence identity to the sequences shoWn in SEQ number Of gaps introduced into the longer Sequence 
ID NO:2, or their orthologs. The present invention also in order to align the tWo sequences] 
includes polypeptides that comprise an amino acid sequence 
having at least 70%, at least 80%, at least 90%, at least 95% 

TABLE 4 

ARNDCQEGHILKMFPSTWYV 

A 4 
R -1 5 
N -2 0 6 
D -2 -2 1 6 
C 0 -3 -3 -3 9 
Q -1 1 0 0 -3 5 
E -1 0 0 2 -4 2 5 
G0-20-1-3-2-26 
H-201-1-300-28 
I -1 -3 -3 -3 -1 -3 -3 -4 -3 4 
L-1-2 -3 -4 -1-2 -3 -4 -3 2 4 
K-120-1-311-2-1-3-25 
M-1-1-2-3-10-2-3-212-15 

F-2-3-3-3-2-3-3-3-100-306 
P -1 -2 -2 -1 -3 -1 -1 -2 -2 -3 -3 -1 -2 -4 7 
S1-110-1000-1-2-20-1-2-14 

T0-10-1-1-1-1-2-2-1-1-1-1-2-115 
W-3 -3 -4 -4 -2 -2 -3 -2 -2 -3 -2 -3 -1 1-4 -2 -211 
Y-2-2-2-3-2-1-2-32-1-1-2-13-3-2-227 

v0-3-3-3-1-2-2-3-331-21-1-2-20-3-14 
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Those skilled in the art appreciate that there are many 
established algorithms available to align tWo amino acid 
sequences. The “FASTA” 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 Zalpha11 Ligand. The FASTA algorithm is 
described by Pearson and Lipman, Proc. Nat’l Acad. Sci. 
USA 8512444 (1988), and by Pearson, Meth. EnZymol. 
183163 (1990). 

Brie?y, FASTA ?rst characterizes sequence similarity 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 
regions are “trimmed” to include only those residues that 
contribute to the highest score. If there are several regions 
With scores greater than the “cutoff” 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 
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 
Needleman-Wunsch-Sellers algorithm (Needleman and 
Wunsch, J. Mol. Biol. 481444 (1970); Sellers, SIAM J.Appl. 
Math. 261787 (1974)), Which alloWs for amino acid inser 
tions and deletions. Preferred parameters for FASTA analy 
sis are1 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, Meth. EnZymol. 183163 
(1990). 
FASTA can also be used to determine the sequence iden 

tity 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. 

Variant Zalpha11 Ligand polypeptides or polypeptides 
With substantially similar sequence identity are character 
iZed as having one or more amino acid substitutions, dele 
tions or additions. These changes are preferably of a minor 
nature, that is conservative amino acid substitutions (see 
Table 5) and other substitutions 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 20425 residues, or an af?nity tag. The present inven 
tion thus includes polypeptides of from about 108 to 216 
amino acid residues that comprise a sequence that is at least 
70%, preferably at least 90%, and more preferably 95% or 
more identical to the corresponding region of SEQ ID N012. 
Polypeptides comprising a?inity tags can further comprise a 
proteolytic cleavage site betWeen the Zalpha11 Ligand 
polypeptide and the af?nity tag. Preferred such sites include 
thrombin cleavage sites and factor Xa cleavage sites. 
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TABLE 5 

Conservative amino acid substitutions 

Basic: arginine 
lysine 
hi stidine 
glutalnic acid 
asp artic acid 
glutalnine 
asp aragine 
leucine 
iso leucine 
valine 
phenylalanine 
tryptophan 
tyro sine 
glycine 
alanine 
serine 
threonine 
methionine 

Acidic: 

Polar: 

Hydrophobic: 

Aromatic: 

Small: 

Determination of amino acid residues that comprise 
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, sec 
ondary structure propensities, binary patterns, complemen 
tary packing and buried polar interactions (Barton, Current 
Opin. Struct. Biol. 513724376, 1995 and Cordes et al., Cur 
rent Opin. Struct. Biol. 613410, 1996). In general, When 
designing modi?cations to molecules or identifying speci?c 
fragments determination of structure Will be accompanied 
by evaluating activity of modi?ed molecules. 
Amino acid sequence changes are made in Zalpha11 

Ligand polypeptides so as to minimiZe disruption of higher 
order structure essential to biological activity. For example, 
Where the Zalpha11 Ligand 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 
critical function, for example, binding of the molecule to its 
binding partners, e.g., A and D helices, residues 44, 47 and 
135 of SEQ ID NO: 2. The effects of amino acid sequence 
changes can be predicted by, for example, computer model 
ing as disclosed above or determined by analysis of crystal 
structure (see, e.g., Lapthorn et al., Nat. Struct. Biol. 
212664268, 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 deter 
mining cysteine residues Which are associated With disul?de 
bonds or are free of such associations (Bean et al., Anal. 
Biochem. 20112164226, 1992; Gray, Protein Sci. 
2173241748, 1993; and Patterson et al., Anal. Chem. 
661372743732, 1994). It is generally believed that ifa 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 circu 
lar dichrosism (CD). Measuring and comparing the CD 
spectra generated by a modi?ed molecule and standard mol 
ecule is routine (Johnson, Proteins 712054214, 1990). Crys 
tallography is another Well knoWn method for analyZing 
folding and structure. Nuclear magnetic resonance (NMR), 
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digestive peptide mapping and epitope mapping are also 
known methods for analyzing folding and structurally simi 
larities betWeen proteins and polypeptides (Schaanan et al., 
Science 257:96li964, 1992). 
A Hopp/Woods hydrophilicity pro?le of the Zalpha11 

Ligand protein sequence as shoWn in SEQ ID NO:2 can be 
generated (Hopp et al., Proc. Natl. Acad. Sci. 78:3824i3 828, 
1981; Hopp, J. Immun. Meth. 88: 141 8, 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. For 
example, in Zalpha11 Ligand, hydrophi lie regions include 
amino acid residues 1144119 of SEQ ID NO: 2, amino acid 
residues 1014105 of SEQ ID NO: 2, amino acid residues 
1264131 of SEQ ID NO: 2, amino acid residues 1134118 of 
SEQ ID NO: 2, and amino acid residues 1584162 of SEQ ID 
NO: 2. 

Those skilled in the art Will recogniZe that hydrophilicity 
or hydrophobicity Will be taken into account When designing 
modi?cations in the amino acid sequence of a Zalpha11 
Ligand 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. For example, residues tolerant of substitu 
tion could include residues 100 and 103 as shoWn in SEQ ID 
NO: 2. Cysteine residues at positions 71, 78, 122 and 125 of 
SEQ ID NO: 2, Will be relatively intolerant of substitution. 
The identi?es of essential amino acids can also be inferred 

from analysis of sequence similarity betWeen IL-15, IL-2, 
IL-4 and GM-CSF With Zalpha11 Ligand. 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 Zalpha11 
Ligand polynucleotide on the basis of structure is to deter 
mine Whether a nucleic acid molecule encoding a potential 
variant Zalpha11 Ligand gene can hybridiZe to a nucleic acid 
molecule having the nucleotide sequence of SEQ ID NO:1, 
as discussed above. 

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, Science 
244:1081 (1989), Bass et al., Proc. Natl. Acad. Sci. USA 
88:4498 (1991), Coombs and Corey, “Site-Directed 
Mutagenesis and Protein Engineering,” in Proteins: Analysis 
and Design, Angeletti (ed.), pages 2594311 (Academic 
Press, Inc. 1998)). In the latter technique, single alanine 
mutations are introduced at every residue in the molecule, 
and the resultant mutant 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). 
The present invention also includes functional fragments 

of Zalpha11 Ligand polypeptides and nucleic acid molecules 
encoding such functional fragments. A “functional” Zal 
pha11 Ligand or fragment thereof as de?ned herein is char 
acteriZed 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-Zalpha11 Ligand 
antibody or Zalpha11 receptor (either soluble or 
immobiliZed). As previously described herein, Zalpha11 
Ligand is characteriZed by a four-helical-bundle structure 
comprising helix A (amino acid residues 41456), helix B 
(amino acid residues 69484), helix C (amino acid residues 
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924105) and helix D (amino acid residues 1354148), as 
shoWn in SEQ ID NO: 2. Thus, the present invention further 
provides fusion proteins encompassing: (a) polypeptide 
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 four-helical-bundle 
cytokine, such as IL-15, IL-2, IL-4 and GM-CSF, or by a 
non-native and/ or an unrelated secretory signal peptide that 
facilitates secretion of the fusion protein. 

Thus the present invention provides fusion proteins com 
prising at least four polypeptides, Wherein the order of 
polypeptides from N-terminus to C-terminus are: a ?rst 
polypeptide comprises amino acids selected from a group 
consisting of: (a) IL-2 helix A amino acid residues 36416 of 
SEQ ID NO: 111; (b) IL-15 helix A amino acid residues 
29443 of SEQ ID NO: 112; (c) IL-4 helix A amino acid 
residues 45468 of SEQ ID NO: 113; (d) GMCSF helix A 
amino acid residues 3(k44 of SEQ ID NO: 114; and (e) 
amino acids residues 41 to 56 of SEQ ID NO: 2; a ?rst 
spacer of 6427 amino acids; and a second polypeptide that 
comprises amino acid residues selected from the group con 
sisting of: (a) IL-2 helix B amino acid residues 53475 of 
SEQ ID NO: 111; (b) IL-4 helix B amino acid residues 
65483 of SEQ ID NO: 112; (c) IL-15 helix B amino acid 
residues 844101 of SEQ ID NO: 113; (d) GMCSF helix B 
amino acid residues 72481 of SEQ ID NO: 114; and (e) 
amino acid residues 69484 of SEQ ID NO: 2, a second 
spacer of 5411 amino acid residues; a third polypeptide that 
comprises a sequence of amino acid residues selected from 
the group consisting of: (a) IL-2 helix C residues 87499 of 
SEQ ID NO: 111; (b) IL-4 helix C residues 954118 of SEQ 
ID NO: 112; (c) IL-15 helix C residues 1074119 of SEQ ID 
NO: 113; (d) GMCSF helix C residues 914102 of SEQ ID 
NO: 114; and (e) amino acid residues 924105 of SEQ ID 
NO: 2; a third spacer of 3429 amino acid residues; and a 
fourth polypeptide that comprises amino acid residues 
selected from the group consisting of: (a) IL-2 helix D amino 
acid residues 1034121 of SEQ ID NO: 111; (b) IL-15 helix 
D amino acid residues 1344157 of SEQ ID NO: 112; (c) 
IL-4 helix D amino acid residues 1344160 of SEQ ID NO: 
113; (d) GMCSF helix D amino acid residues 1204131 of 
SEQ ID NO: 114; and (e) amino acid residues 1354148 of 
SEQ ID NO: 2, Wherein at least one of the four polypeptides 
is from Zalpha11 Ligand. In other embodiments that the 
spacer peptides Will be selected from the A/B, B/C and C/D 
loops of Zalpha11 Ligand, IL-2, IL-4, IL-15 or GM-CSF, as 
shoWn in Table 1. 

Routine deletion analyses of nucleic acid molecules can 
be performed to obtain functional fragments of a nucleic 
acid molecule that encodes a Zalpha11 Ligand polypeptide. 
As an illustration, DNA molecules having the nucleotide 
sequence of SEQ ID NO:1 or fragments thereof, can be 
digested With Bal31 nuclease to obtain a series of nested 
deletions. These DNA fragments are then inserted into 
expression vectors in proper reading frame, and the 
expressed polypeptides are isolated and tested for Zalpha11 
Ligand activity, or for the ability to bind anti-Zalpha11 
Ligand antibodies or Zalpha11 receptor. One alternative to 
exonuclease digestion is to use oligonucleotide-directed 
mutagenesis to introduce deletions or stop codons to specify 
production of a desired Zalpha11 Ligand fragment. 
Alternatively, particular fragments of a Zalpha11 Ligand 
gene can be synthesiZed using the polymerase chain reac 
tion. 

Standard methods for identifying functional domains are 
Well-knoWn to those of skill in the art. For example, studies 
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on the truncation at either or both termini of interferons have 
been summarized by Horisberger and Di Marco, Pharmac. 
Ther. 661507 (1995). Moreover, standard techniques for 
functional analysis of proteins are described by, for example, 
Treuter et al., Molec. Gen. Genet. 2401113 (1993); Content 
et al., “Expression and preliminary deletion analysis of the 
42 kDa 245A synthetase induced by human interferon,” in 
Biological Interferon Systems, Proceedings of ISIR-TNO 
Meeting on Interferon Systems, Cantell (ed.), pages 65472 
(Nijhoff 1987); Herschman, “The EGF Receptor,” in Control 
of Animal Cell Proliferation 1, Boynton et al., (eds.) pages 
1694199 (Academic Press 1985); Coumailleau et al., J. Biol. 
Chem. 270129270 (1995); Fukunaga et al., J. Biol. Chem. 
270125291 (1995); Yamaguchi et al., Biochem. Pharmacol. 
5011295 (1995); and Meisel et al., Plant Molec. Biol. 3011 
(1996). 

Multiple amino acid substitutions can be made and tested 
using knoWn methods of mutagenesis and screening, such as 
those disclosed by Reidhaar-Olson and Sauer (Science 
241153 (1988)) or BoWie and Sauer (Proc. Nat’l Acad. Sci. 
USA 8612152 (1989)). Brie?y, these authors disclose meth 
ods for simultaneously randomizing tWo or more positions 
in a polypeptide, selecting for functional polypeptide, and 
then sequencing the mutagenized polypeptides to determine 
the spectrum of alloWable substitutions at each position. 
Other methods that can be used include phage display (e.g., 
LoWman et al., Biochem. 30110832 (1991), Ladner et al., 
US. Pat. No. 5,223,409, Huse, international publication No. 
WO 92/06204), and region-directed mutagenesis 
(Derbyshire et al., Gene 461145 (1986), and Ner et al., DNA 
71127, (1988)). 

Variants of the disclosed zalpha11 Ligand nucleotide and 
polypeptide sequences can also be generated through DNA 
shuffling as disclosed by Stemmer, Nature 3701389 (1994), 
Stemmer, Proc. Natl. Acad. Sci. USA 91110747 (1994), and 
international publication No. WO 97/20078. Brie?y, variant 
DNA molecules are generated by in vitro homologous 
recombination by random fragmentation of a parent DNA 
folloWed by reassembly using PCR, resulting in randomly 
introduced point mutations. This technique can be modi?ed 
by using a family of parent DNA molecules, such as allelic 
variants or DNA molecules from different species, to intro 
duce additional variability into the process. Selection or 
screening for the desired activity, folloWed by additional 
iterations of mutagenesis and assay provides for rapid “evo 
lution” of sequences by selecting for desirable mutations 
While simultaneously selecting against detrimental changes. 

Mutagenesis methods as disclosed herein can be com 
bined With high-throughput, automated screening methods 
to detect activity of cloned, mutagenized polypeptides in 
host cells. Mutagenized DNA molecules that encode bio 
logically active polypeptides, or polypeptides that bind With 
anti-zalpha11 Ligand antibodies or soluble zalpha11 
receptor, can be recovered from the host cells and rapidly 
sequenced using modern equipment. These methods alloW 
the rapid determination of the importance of individual 
amino acid residues in a polypeptide of interest, and can be 
applied to polypeptides of unknown structure. 

In addition, the proteins of the present invention (or 
polypeptide fragments thereof) can be joined to other bioac 
tive molecules, particularly other cytokines, to provide 
multi-functional molecules. For example, one or more heli 
ces from zalpha1 1 Ligand can be joined to other cytokines to 
enhance their biological properties or ef?ciency of produc 
tion. 

The present invention thus provides a series of novel, 
hybrid molecules in Which a segment comprising one or 
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more of the helices of zalpha11 Ligand is fused to another 
polypeptide. Fusion is preferably done by splicing at the 
DNA level to alloW expression of chimeric molecules in 
recombinant production systems. The resultant molecules 
are then assayed for such properties as improved solubility, 
improved stability, prolonged clearance half-life, improved 
expression and secretion levels, and pharrnacodynamics. 
Such hybrid molecules may further comprise additional 
amino acid residues (eg a polypeptide linker) betWeen the 
component proteins or polypeptides. 

Non-naturally occurring amino acids include, Without 
limitation, trans-3-methylproline, 2,4-methanoproline, cis 
4-hydroxyproline, trans-4-hydroxyproline, 
N-methylglycine, allo-threonine, methylthreonine, 
hydroxyethylcysteine, hydroxyethylhomocysteine, 
nitroglutamine, homoglutamine, pipecolic acid, thiazolidine 
carboxylic acid, dehydroproline, 3- and 4-methylproline, 
3,3-dimethylproline, tert-leucine, norvaline, 
2-azaphenylalanine, 3-azaphenylalanine, 
4-azaphenylalanine, and 4-?uorophenylalanine. Several 
methods are knoWn in the art for incorporating non-naturally 
occurring amino acid residues into proteins. For example, an 
in vitro system can be employed Wherein nonsense muta 
tions are suppressed using chemically aminoacylated sup 
pressor tRNAs. Methods for synthesizing amino acids and 
aminoacylating tRNA are knoWn in the art. Transcription 
and translation of plasmids containing nonsense mutations is 
typically carried out in a cell-free system comprising an E. 
coli S30 extract and commercially available enzymes and 
other reagents. Proteins are puri?ed by chromatography. 
See, for example, Robertson et al., J. Am. Chem. Soc. 
11312722 (1991), Ellman et al., Methods Enzymol. 2021301 
(1991), Chung et al., Science 2591806 (1993), and Chung et 
al., Proc. Nat’l Acad. Sci. USA 90110145 (1993). 

In a second method, translation is carried out in Xenopus 
oocytes by microinjection of mutated mRNA and chemi 
cally aminoacylated suppressor tRNAs (Turcatti et al., J. 
Biol. Chem. 271119991 (1996)). Within a third method, E. 
coli cells are cultured in the absence of a natural amino acid 
that is to be replaced (e.g., phenylalanine) and in the pres 
ence of the desired non-naturally occurring amino acid(s) 
(e.g., 2-azaphenylalanine, 3-azaphenylalanine, 
4-azaphenylalanine, or 4-?uorophenylalanine). The non 
naturally occurring amino acid is incorporated into the pro 
tein in place of its natural counterpart. See, Koide et al., 
Biochem. 3317470 (1994). Naturally occurring amino acid 
residues can be converted to non-naturally occurring species 
by in vitro chemical modi?cation. Chemical modi?cation 
can be combined With site-directed mutagenesis to further 
expand the range of substitutions (Wynn and Richards, Pro 
tein Sci. 21395 (1993). It may be advantageous to stabilize 
zalpha11 Ligand to extend the half-life of the molecule, par 
ticularly for extending metabolic persistence in an active 
state. To achieve extended half-life, zalpha11 Ligand mol 
ecules can be chemically modi?ed using methods described 
herein. PEGylation is one method commonly used that has 
been demonstrated to increase plasma half-life, increased 
solubility, and decreased antigenicity and immunogenicity 
(Nucci et al., Advanced Drug Delivery RevieWs 611334155 
1991 and Lu et al., Int. J. Peptide Protein Res. 4311274138, 
1 994). 
A limited number of non-conservative amino acids, amino 

acids that are not encoded by the genetic code, non-naturally 
occurring amino acids, and unnatural amino acids may be 
substituted for zalpha11 Ligand amino acid residues. 
The present invention also provides polypeptide frag 

ments or peptides comprising an epitope-bearing portion of 
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a Zalpha11 Ligand polypeptide described herein. Such frag 
ments or peptides may comprise an “immunogenic epitope,” 
Which is a part of a protein that elicits an antibody response 
When the entire protein is used as an immunogen. Immuno 
genic epitope-bearing peptides can be identi?ed using stan 
dard methods (see, for example, Geysen et al., Proc. Nat’l 
Acad. Sci. USA 81 :3998 (1983)). 

In contrast, polypeptide fragments or peptides may com 
prise an “antigenic epitope,” Which is a region of a protein 
molecule to Which an antibody can speci?cally bind. Certain 
epitopes consist of a linear or contiguous stretch of amino 
acids, and the antigenicity of such an epitope is not disrupted 
by denaturing agents. It is knoWn in the art that relatively 
short synthetic peptides that can mimic epitopes of a protein 
can be used to stimulate the production of antibodies against 
the protein (see, for example, Sutcliffe et al., Science 
219:660 (1983)). Accordingly, antigenic epitope-bearing 
peptides and polypeptides of the present invention are useful 
to raise antibodies that bind With the polypeptides described 
herein. Hopp/Woods hydrophilicity pro?les can be used to 
determine regions that have the most antigenic potential 
(Hopp et al., 1981, ibid. and Hopp, 1986, ibid.). In Zalpha11 
Ligand these regions include: amino acid residues 1 14*119, 
101*105, 126*131, 113*118, and 158*162 of SEQ ID NO: 
2. 

Antigenic epitope-bearing peptides and polypeptides 
preferably contain at least four to ten amino acids, at least 
ten to fourteen amino acids, or about fourteen to about thirty 
amino acids of SEQ ID NO:2 or SEQ ID NO:56. Such 
epitope-bearing peptides and polypeptides can be produced 
by fragmenting a Zalpha1 1 Ligand polypeptide, or by chemi 
cal peptide synthesis, as described herein. Moreover, 
epitopes can be selected by phage display of random peptide 
libraries (see, for example, Lane and Stephen, Curr. Opin. 
Immunol. 5:268 (1993); and Cortese et al., Curr. Opin. Bio 
technol. 7:616 (1996)). Standard methods for identifying 
epitopes and producing antibodies from small peptides that 
comprise an epitope are described, for example, by Mole, 
“Epitope Mapping,” in Methods in Molecular Biology, Vol. 
10, Manson (ed.), pages 105*116 (The Humana Press, Inc. 
1992); Price, “Production and Characterization of Synthetic 
Peptide-Derived Antibodies,” in Monoclonal Antibodies: 
Production, Engineering, and Clinical Application, Ritter 
and Ladyman (eds.), pages 60*84 (Cambridge University 
Press 1995), and Coligan et al. (eds.), Current Protocols in 
Immunology, pages 9.3.1*9.3.5 and pages 9.4.1*9.4.11 
(John Wiley & Sons 1997). 

Regardless of the particular nucleotide sequence of a vari 
ant Zalpha11 Ligand polynucleotide, the polynucleotide 
encodes a polypeptide that is characterized by its prolifera 
tive or differentiating activity, its ability to induce or inhibit 
specialiZed cell functions, or by the ability to bind speci? 
cally to an anti-Zalpha1 1 Ligand antibody or Zalpha11 recep 
tor. More speci?cally, variant Zalpha11 Ligand polynucle 
otides Will encode polypeptides Which exhibit at least 50% 
and preferably, greater than 70%, 80% or 90%, of the activ 
ity of the polypeptide as shoWn in SEQ ID NO: 2. 

For any Zalpha11 Ligand polypeptide, including variants 
and fusion proteins, one of ordinary skill in the art can 
readily generate a fully degenerate polynucleotide sequence 
encoding that variant using the information set forth in 
Tables 1 and 2 above. 

The present invention further provides a variety of other 
polypeptide fusions (and related multimeric proteins com 
prising one or more polypeptide fusions). For example, a 
Zalpha11 Ligand polypeptide can be prepared as a fusion to a 
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dimeriZing protein as disclosed in US. Pat. Nos. 5,155,027 
and 5,567,584. Preferred dimeriZing proteins in this regard 
include immunoglobulin constant region domains. 
Immunoglobulin-Zalpha11 Ligand polypeptide fusions can 
be expressed in genetically engineered cells (to produce a 
variety of multimeric Zalpha11 Ligand analogs). Auxiliary 
domains can be fused to Zalpha11 Ligand polypeptides to 
target them to speci?c cells, tissues, or macromolecules. For 
example, a Zalpha11 Ligand polypeptide or protein could be 
targeted to a predetermined cell type by fusing a Zalpha11 
Ligand polypeptide to a ligand that speci?cally binds to a 
receptor on the surface of that target cell. In this Way, 
polypeptides and proteins can be targeted for therapeutic or 
diagnostic purposes. A Zalpha11 Ligand polypeptide can be 
fused to tWo or more moieties, such as an a?inity tag for 
puri?cation and a targeting domain. Polypeptide fusions can 
also comprise one or more cleavage sites, particularly 
betWeen domains. See, Tuan et al., Connective Tissue 
Research 34:1*9, 1996. 

Using the methods discussed herein, one of ordinary skill 
in the art can identify and/or prepare a variety of polypep 
tides that have substantially similar sequence identity to resi 
dues 1*162 or 32*162 of SEQ ID NO: 2, or functional frag 
ments and fusions thereof, Wherein such polypeptides or 
fragments or fusions retain the properties of the Wild-type 
protein such as the ability to stimulate proliferation, 
differentiation, induce specialiZed cell function or bind the 
Zalpha11 receptor or Zalpha11 Ligand antibodies. 
The Zalpha11 Ligand polypeptides of the present 

invention, including full-length polypeptides, functional 
fragments, and fusion polypeptides, can be produced in 
genetically engineered host cells according to conventional 
techniques. Suitable host cells are those cell types that can 
be transformed or transfected With oxogenous DNA and 
groWn in culture, and include bacteria, fungal cells, and cul 
tured higher eukaryotic cells. Eukaryotic cells, particularly 
cultured cells of multicellular organisms, are preferred. 
Techniques for manipulating cloned DNA molecules and 
introducing exogenous DNA into a variety of host cells are 
disclosed by Sambrook et al., Molecular Cloning: A Labora 
tory Manual, 2nd ed., Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, N.Y., 1989, and Ausubel et al., eds., 
Current Protocols in Molecular Biology, John Wiley and 
Sons, Inc., NY, 1987. 

In general, a DNA sequence encoding a Zalpha11 Ligand 
polypeptide is operably linked to other genetic elements 
required for its expression, generally including a transcrip 
tion promoter and terminator, Within an expression vector. 
The vector Will also commonly contain one or more select 
able 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 sepa 
rate vectors, and replication of the exogenous DNA may be 
provided by integration into the host cell genome. Selection 
of promoters, terminators, selectable markers, vectors and 
other elements is a matter of routine design Within the level 
of ordinary skill in the art. Many such elements are described 
in the literature and are available through commercial sup 
pliers. 

To direct a Zalpha11 Ligand 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 Zalpha11 Ligand, or may be 
derived from another secreted protein (e. g., t-PA) or synthe 
siZed de novo. The secretory signal sequence is operably 
linked to the Zalpha11 Ligand DNA sequence, i.e., the tWo 
















































































































































































