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(57) ABSTRACT 

Novel polypeptides, polynucleotides encoding the polypep 
tides, and related compositions and methods are disclosed 
for Zcytor17, a novel cytokine receptor. The polypeptides 
may be used Within methods for detecting ligands that 
stimulate the proliferation and/or development of hemato 
poietic, lymphoid and myeloid cells in vitro and in vivo. 
Ligand-binding receptor polypeptides can also be used to 
block ligand activity in vitro and in vivo. The polynucle 
otides encoding Zcytor17, are located on chromosome 5, and 
can be used to identify a region of the genome associated 
With human disease states. The present invention also 
includes methods for producing the protein, uses therefor 
and antibodies thereto. 
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301 - 350 

SEQ ID N046 OLELHLGGES FWVSMISYNS LGKSPVATLR IPAIQEKSFQ CIEVMQACVA 
SEQ ID NO: 18 QLELHLGGES FWVSMISYNS LGKSPVATLR IPAIQEK ~~~~~~~~~~~ ~~ 
SEQ ID NO: 54 QLELHLGGES FWVSMISYNS LGKSPVATLR IPAIQEKSFQ CIEVMQACVA 
SEQ ID NO:2 QLELHLGGES FWVSMISYNS LGKSPVATLR IPAIQEKSFQ CIEVMOACVA 
SEQ ID N022 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 

351 400 
SEQ EDQLVVKWOS SALDVNTWMI EWFPDVDSEP TTLSWESVSQ ATNWTIOQDK 
SEQ ~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ 

EDQLVVKWQS SALDVNTWMI 
EDQLVVKWQS SALDVNTWMI 
~~~~~~~~~~ ~~~~~~~~~~ 

401 
LKPFWCYNIS VYPMLHDKVG 

LKPFWCYNIS VYPMLHDKVG 
~~~~~~~~~~ ~~~~~~~~~~ 

451 

TITWKEIPKS ERKGIICNYT 

TITWKEIPKS ERKGIICNYT 
TITWKEIPKS ERKGI ICNYT 
~~~~~~~~~~ ~~~~~~~~~~ 

501 
TSYIVQVMAS TSAGGTNGTS 

TSYIVQVMAS TSAGGTNGTS 
TSYIVQVMAS TSAGGTNGTS 

551 
TVAYGLKKPN KLTHLCWPTV 

TVAYGLKKPN KLTHLCWPTV 
TVAYGLKKPN KLTHLCWPTV 
~~~~~~~~~~ ~~~~~~~~~~ 

EWFPDVDSEP TTLSWESVSQ ATNWTIQODK 
EWFPDVDSEP TTLSWESVSQ ATNWTIQQDK 

450 
EPYSIQAYAK EGVPSEGPET KVENIGVKTV 

EPYSIQAYAK EGVPSEGPET KVENIGVKTV 
EPYSIQAYAK EGVPSEGPET KVENIGVKTV 
~~~~~~~~~~ ~~~~~~~ 

500 
IFYQAEGGKG FSKTVNSSIL QYGLESLKRK 

IFYQAEGGKG FSKTVNSSIL QYGLESLKRK 
IFYQAEGGKG FSKTVNSSIL QYGLESLKRK 

550 
.INFKTLSFSV FEIILITSLI GGGLLILIIL 
-_.~~~~~~~~~ ~~~ 

INFKTLSFSV FEI ILITSLI GGGLLILIIL 
INFKTLSFSV FEIILITSLI GGGLLILHL 

600 
PNPAESSIAT WHGDDFKDKL NLKESDDSVN 

PNPAESSIAT WHGDDFKDKL NLKESDDSVN 

FIG. 1B 
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501 650 
SEQ ID NOr46 TEDRILKPCS TPSDKLVIDK LVVNFGNVLQ EIFTDEARTG QENNLGGEKN 
SEQ ID NO: 18 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 
SEQ ID 11054 TEDRILKPCS TPSDKLVIDK LVVNFGNVLQ EIFTDEARTG QENNLGGEKN, 
SEQ 1Q NO:2 TEDRILKPCS TPSDKLVIDK LVVNFGNVLQ EIFTDEARTG QENNLGGEKN 
SEQ ID N022 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 

651 700 
SEQ 1Q NOz46 GTRILSSCPT S1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 
SEQ 10 N0: 18 ~~~~~~~~~~ ~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 

SEQ ID N054 GTRILSSCPT S1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 
SEQ ID N012 GYVTCPFRPD CPLGK-SFEEL PVSPEIPPRK SQYLRSRMPE GTRPEAKEQL 
SEQ ID No.22 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 

651 . 700 

SEQ 1Q NOz46 GTRILSSCPT S1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 
SEQ ID NOzl8 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 
SEQ ID N054 GTRILSSCPT S1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 
SEQ 10 110-2 GYVTCPFRPD CPLGKSFEEL PVSPEIPPRK SQYLRSRMPE GTRPEAKEQL 
SEQ 1Q N022 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

701 746 
' SEQ ID N046 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 
SEQ ID NO:18 ~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~-~~ ~~~~~~~~~~ ~~~~~~ 

SEQ 1Q 110-54 . ~~~~~~ ~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 

SEQ ID NO:2 LFSGOSLVPD HLCEEGAPNP YLKNSVTARE FLVSEKLPEH'TKGEV~ 
SEQ 1Q N022 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 

FIG. 1C 
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NUCLEIC ACID ENCODING CYTOKINE 
RECEPTOR ZCYTOR17 

[0001] The present invention is a continuation of US. 
patent application Ser. No. 09/892,949, ?led Jun. 26, 2001, 
Which claims the bene?t of US. Patent Application Ser. Nos. 
60/267,963, ?led Feb. 8, 2001, 60/214,955, ?led Jun. 29, 
2000, and 60/214,282, ?led Jun. 26, 2000, all of Which are 
herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] Hormones and polypeptide groWth factors control 
proliferation and differentiation of cells of multicellular 
organisms. These diffusable molecules alloW cells to com 
municate With each other and act in concert to form cells and 
organs, and to repair damaged tissue. Examples of hormones 
and groWth factors include the steroid hormones (e.g. estro 
gen, testosterone), parathyroid hormone, follicle stimulating 
hormone, the interleukins, platelet derived groWth factor 
(PDGF), epidermal groWth factor (EGF), granulocyte-mac 
rophage colony stimulating factor (GM-CSF), erythropoi 
etin (EPO) and calcitonin. 

[0003] Hormones and groWth factors in?uence cellular 
metabolism 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 
transcription factors. Of particular interest are receptors for 
cytokines, molecules that promote the proliferation and/or 
differentiation of cells. Examples of cytokines include eryth 
ropoietin (EPO), Which stimulates the development of red 
blood cells; thrombopoietin (TPO), Which stimulates devel 
opment of cells of the megakaryocyte lineage; and granu 
locyte-colony stimulating factor (G-CSF), Which stimulates 
development of neutrophils. These cytokines are useful in 
restoring normal blood cell levels in patients suffering from 
anemia, thrombocytopenia, and neutropenia or receiving 
chemotherapy for cancer. 

[0004] The demonstrated in vivo activities of these cytok 
ines illustrate the enormous clinical potential of, and need 
for, other cytokines, cytokine agonists, and cytokine antago 
nists. The present invention addresses these needs by pro 
viding neW a hematopoietic cytokine receptor, as Well as 
related compositions and methods. 

[0005] 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. These and other 
aspects of the invention Will become evident upon reference 
to the folloWing detailed description of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 is depicted in 3 panels (FIG. A, FIG. 1B 
and FIG. 1C) and shoWs a multiple alignment of Zcytor17 
polynucleotide sequences SEQ ID NO:46, SEQ ID NO:18, 
SEQ ID NO:54, SEQ ID N012, and SEQ ID NO:22. 

DESCRIPTION OF THE INVENTION 

[0007] Within one aspect, the present invention provides 
an isolated polynucleotide that encodes a polypeptide com 
prising a sequence of amino acid residues that is at least 90% 
identical to an amino acid sequence selected from the group 
consisting of: (a) the amino acid sequence as shoWn in SEQ 
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ID NO:2 from amino acid number 20 (Ala) to amino acid 
number 227 (Pro); (b) the amino acid sequence as shoWn in 
SEQ ID NO:2 from amino acid number 20 (Ala) to amino 
acid number 519 (Glu); (c) the amino acid sequence as 
shoWn in SEQ ID NO:2 from amino acid number 20 (Ala) 
to amino acid number 543 (Leu); (d) the amino acid 
sequence as shoWn in SEQ ID NO:2 from amino acid 
number 544 (Lys) to amino acid number 732 (Val); (e) the 
amino acid sequence as shoWn in SEQ ID NO:46 from 
amino acid number 544 (Lys) to amino acid number 649 
(Ile); the amino acid sequence as shoWn in SEQ ID NO:2 
from amino acid number 20 (Ala) to amino acid number 732 
(Val); (g) the amino acid sequence as shoWn in SEQ ID 
NO:46 from amino acid number 20 (Ala) to amino acid 
number 649 (Ile); (h) the amino acid sequence as shoWn in 
SEQ ID NO:2 from amino acid number 1 (Met) to amino 
acid number 732 (Val); and the amino acid sequence as 
shoWn in SEQ ID NO:46 from amino acid number 1 (Met) 
to amino acid number 649 (Ile). In one embodiment, the 
isolated polynucleotide disclosed above comprises a 
sequence of amino acid residues that is selected from the 
group consisting of: (a) the amino acid sequence as shoWn 
in SEQ ID NO:2 from amino acid number 20 (Ala) to amino 
acid number 227 (Pro); (b) the amino acid sequence as 
shoWn in SEQ ID NO:2 from amino acid number 20 (Ala) 
to amino acid number 519 (Glu); (c) the amino acid 
sequence as shoWn in SEQ ID NO:2 from amino acid 
number 20 (Ala) to amino acid number 543 (Leu); (d) the 
amino acid sequence as shown in SEQ ID N022 from amino 
acid number 544 (Lys) to amino acid number 732 (Val); (e) 
the amino acid sequence as shoWn in SEQ ID NO:46 from 
amino acid number 544 (Lys) to amino acid number 649 
(Ile); the amino acid sequence as shoWn in SEQ ID NO:2 
from amino acid number 20 (Ala) to amino acid number 732 
(Val); (g) the amino acid sequence as shoWn in SEQ ID 
NO:46 from amino acid number 20 (Ala) to amino acid 
number 649 (Ile); (h) the amino acid sequence as shoWn in 
SEQ ID NO:2 from amino acid number 1 (Met) to amino 
acid number 732 (Val); and the amino acid sequence as 
shoWn in SEQ ID NO:46 from amino acid number 1 (Met) 
to amino acid number 649 (Ile). In another embodiment, the 
isolated polynucleotide disclosed above comprises a 
sequence selected from the group consisting of: (a) a poly 
nucleotide as shoWn in SEQ ID NO: 1 from nucleotide 
number 228 to amino acid number 851; (b) a polynucleotide 
as shoWn in SEQ ID NO:1 from nucleotide number 228 to 
amino acid number 1727; (c) a polynucleotide as shoWn in 
SEQ ID NO:1 from nucleotide number 228 to amino acid 
number 1799; (d) a polynucleotide as shoWn in SEQ ID 
NO:1 from nucleotide number 1800 to amino acid number 
2366; (e) a polynucleotide as shoWn in SEQ ID NO:45 from 
nucleotide number 1791 to amino acid number 2108; a 
polynucleotide as shoWn in SEQ ID NO:1 from nucleotide 
number 228 to amino acid number 2366; (g) a polynucle 
otide as shoWn in SEQ ID NO:45 from nucleotide number 
219 to amino acid number 2108; (h) a polynucleotide as 
shoWn in SEQ ID NO:1 from nucleotide number 171 to 
amino acid number 2366; a polynucleotide as shoWn in 
SEQ ID NO:45 from nucleotide number 162 to amino acid 
number 2108; and a polynucleotide sequence comple 
mentary to (a) through In another embodiment, the 
isolated polynucleotide disclosed above encodes a polypep 
tide that further comprises a transmembrane domain con 
sisting of residues 520 (Ile) to 543 (Leu) of SEQ ID NO:2. 
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In another embodiment, the isolated polynucleotide dis 
closed above encodes a polypeptide that further comprises 
an intracellular domain consisting of residues 544 (Lys) to 
732 (Val) of SEQ ID NO:2 or 544 (Lys) to 649 (He) of SEQ 
ID NO:46. In another embodiment, the isolated polynucle 
otide disclosed above encodes a polypeptide that has activity 
as measured by cell proliferation, activation of transcription 
of a reporter gene, or Wherein the polypeptide encoded by 
the polynucleotide further binds to an antibody, Wherein the 
antibody is raised to a polypeptide comprising a sequence of 
amino acids from the group consisting of: (a) the polypep 
tide comprising amino acid number 20 (Ala) to 227 (Pro) of 
SEQ ID NO:2; (b) the polypeptide comprising amino acid 
number 20 (Ala) to 519 (Glu) of SEQ ID NO:2; (c) the 
polypeptide comprising amino acid number 20 (Ala) to 543 
(Leu) of SEQ ID NO:2; (d) the polypeptide comprising 
amino acid number 544 (Lys) to 732 (Val) of SEQ ID NO:2; 
(e) the polypeptide comprising amino acid number 544 (Lys) 
to 649 (He) of SEQ ID NO:46; the polypeptide compris 
ing amino acid number 20 (Ala) to 732 (Val) of SEQ ID 
NO:2; (g) the polypeptide comprising amino acid number 20 
(Ala) to 649 (He) of SEQ ID NO:46; (h) the polypeptide 
comprising amino acid number 1 (Met) to 732 (Val) of SEQ 
ID NO:2; and the polypeptide comprising amino acid 
number 1 (Met) to 649 (He) of SEQ ID NO:46, and Wherein 
the binding of the antibody to the isolated polypeptide is 
measured by a biological or biochemical assay including 
radioimmunoassay, radioimmuno-precipitation, Western 
blot, or enZyme-linked immunosorbent assay. 

[0008] Within a second aspect, the present invention pro 
vides an expression vector comprising the folloWing oper 
ably linked elements: a transcription promoter; a DNA 
segment encoding a polypeptide that is at least 90% identical 
to an amino acid sequence as shoWn in SEQ ID NO:2 from 
amino acid number 20 (Ala) to 732 (Val); or is at least 90% 
identical to an amino acid sequence as shoWn in SEQ ID 
NO:46 from amino acid number 20 (Ala) to 649 (He); and 
a transcription terminator, Wherein the promoter is operably 
linked to the DNA segment, and the DNA segment is 
operably linked to the transcription terminator. In one 
embodiment, the expression vector disclosed above further 
comprises a secretory signal sequence operably linked to the 
DNA segment. 

[0009] Within a third aspect, the present invention pro 
vides a cultured cell comprising an expression vector as 
disclosed above, Wherein the cell expresses a polypeptide 
encoded by the DNA segment. In another embodiment, the 
expression vector disclosed above comprises a DNA seg 
ment that encodes a polypeptide comprising an amino acid 
sequence as shoWn in SEQ ID NO:2 from amino acid 
number 20 (Ala) to 227 (Pro); or as shoWn in SEQ ID NO:2 
from amino acid number 20 (Ala) to 519 (Glu); and a 
transcription terminator, Wherein the promoter, DNA seg 
ment, and terminator are operably linked. In another 
embodiment, the expression vector disclosed above further 
comprises a secretory signal sequence operably linked to the 
DNA segment. In another embodiment, the expression vec 
tor disclosed above further comprises a transmembrane 
domain consisting of residues 520 (He) to 543 (Leu) of SEQ 
ID NO:2. In another embodiment, the expression vector 
disclosed above further comprises an intracellular domain 
consisting of residues 544 (Lys) to 732 (Val) of SEQ ID 
NO:2, or residues 544 (Lys) to 649 (He) of SEQ ID NO:46. 
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[0010] Within another aspect, the present invention pro 
vides a cultured cell into Which has been introduced an 
expression vector as disclosed above, Wherein the cell 
expresses a soluble receptor polypeptide encoded by the 
DNA segment. 

[0011] Within another aspect, the present invention pro 
vides a DNA construct encoding a fusion protein, the DNA 
construct comprising: a ?rst DNA segment encoding a 
polypeptide comprising a sequence of amino acid residues 
selected from the group consisting of: (a) the amino acid 
sequence of SEQ ID NO:2 from amino acid number 1 (Met), 
to amino acid number 19 (Ala); (b) the amino acid sequence 
of SEQ ID NO:54 from amino acid number 1 (Met), to 
amino acid number 32 (Ala); (c) the amino acid sequence of 
SEQ ID NO:2 from amino acid number 20 (Ala), to amino 
acid number 227 (Pro); (d) the amino acid sequence of SEQ 
ID NO:2 from amino acid number 20 (Ala), to amino acid 
number 519 (Glu); (e) the amino acid sequence as shoWn in 
SEQ ID NO:2 from amino acid number 20 (Ala) to amino 
acid number 543 (Leu); the amino acid sequence as 
shoWn in SEQ ID NO:2 from amino acid number 520 (He) 
to amino acid number 543 (Leu); (g) the amino acid 
sequence as shoWn in SEQ ID NO:2 from amino acid 
number 544 (Lys) to amino acid number 732 (Val); (h) the 
amino acid sequence as shoWn in SEQ ID NO:46 from 
amino acid number 544 (Lys) to amino acid number 649 
(lie); the amino acid sequence as shoWn in SEQ ID NO:2 
from amino acid number 20 (Ala) to amino acid number 732 
(Val); and the amino acid sequence as shoWn in SEQ ID 
NO:46 from amino acid number 20 (Ala) to amino acid 
number 649 (He); and at least one other DNA segment 
encoding an additional polypeptide, Wherein the ?rst and 
other DNA segments are connected in-frame; and Wherein 
the ?rst and other DNA segments encode the fusion protein. 

[0012] Within another aspect, the present invention pro 
vides an expression vector comprising the folloWing oper 
ably linked elements: a transcription promoter; a DNA 
construct encoding a fusion protein as disclosed above; and 
a transcription terminator, Wherein the promoter is operably 
linked to the DNA construct, and the DNA construct is 
operably linked to the transcription terminator. 

[0013] Within another aspect, the present invention pro 
vides a cultured cell comprising an expression vector as 
disclosed above, Wherein the cell expresses a polypeptide 
encoded by the DNA construct. 

[0014] Within another aspect, the present invention pro 
vides a method of producing a fusion protein comprising: 
culturing a cell as disclosed above; and isolating the 
polypeptide produced by the cell. 

[0015] Within another aspect, the present invention pro 
vides an isolated polypeptide comprising a sequence of 
amino acid residues that is at least 90% identical to an amino 
acid sequence selected from the group consisting of: (a) the 
amino acid sequence as shoWn in SEQ ID NO:2 from amino 
acid number 20 (Ala) to amino acid number 227 (Pro); (b) 
the amino acid sequence as shoWn in SEQ ID NO:2 from 
amino acid number 20 (Ala) to amino acid number 519 
(Glu); (c) the amino acid sequence as shoWn in SEQ ID 
NO:2 from amino acid number 20 (Ala) to amino acid 
number 543 (Leu); (d) the amino acid sequence as shoWn in 
SEQ ID NO:2 from amino acid number 544 (Lys) to amino 
acid number 732 (Val); (e) the amino acid sequence as 
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shown in SEQ ID NO:46 from amino acid number 544 (Lys) 
to amino acid number 649 (Ile); the amino acid sequence 
as shown in SEQ ID NO:2 from amino acid number 20 (Ala) 
to amino acid number 732 (Val); (g) the amino acid sequence 
as shoWn in SEQ ID NO:46 from amino acid number 20 
(Ala) to amino acid number 649 (Ile); (h) the amino acid 
sequence as shoWn in SEQ ID NO:2 from amino acid 
number 1 (Met) to amino acid number 732 (Val); and the 
amino acid sequence as shoWn in SEQ ID NO:46 from 
amino acid number 1 (Met) to amino acid number 649 (Ile). 
In one embodiment, the isolated polypeptide disclosed 
above comprises a sequence of amino acid residues that is 
selected from the group consisting of: (a) the amino acid 
sequence as shoWn in SEQ ID NO:2 from amino acid 
number 20 (Ala) to amino acid number 227 (Pro); (b) the 
amino acid sequence as shoWn in SEQ ID NO:2 from amino 
acid number 20 (Ala) to amino acid number 519 (Glu); (c) 
the amino acid sequence as shoWn in SEQ ID NO:2 from 
amino acid number 20 (Ala) to amino acid number 543 
(Leu); (d) the amino acid sequence as shoWn in SEQ ID 
NO:2 from amino acid number 544 (Lys) to amino acid 
number 732 (Val); (e) the amino acid sequence as shoWn in 
SEQ ID NO:46 from amino acid number 544 (Lys) to amino 
acid number 649 (Ile); the amino acid sequence as shoWn 
in SEQ ID NO:2 from amino acid number 20 (Ala) to amino 
acid number 732 (Val); (g) the amino acid sequence as 
shoWn in SEQ ID NO:46 from amino acid number 20 (Ala) 
to amino acid number 649 (Ile); (h) the amino acid sequence 
as shoWn in SEQ ID NO:2 from amino acid number 1 (Met) 
to amino acid number 732 (Val); and the amino acid 
sequence as shoWn in SEQ ID NO:46 from amino acid 
number 1 (Met) to amino acid number 649 (Ile). In another 
embodiment, the isolated polypeptide disclosed above fur 
ther comprises a transmembrane domain consisting of resi 
dues 520 (Ile) to 543 (Leu) of SEQ ID NO:2. In another 
embodiment, the isolated polypeptide disclosed above fur 
ther comprises an intracellular domain consisting of residues 
544 (Lys) to 732 (Val) of SEQ ID NO:2 or 544 (Lys) to 649 
(Ile) of SEQ ID NO:46. In another embodiment, the isolated 
polypeptide disclosed above has activity as measured by cell 
proliferation, activation of transcription of a reporter gene, 
or Wherein the polypeptide encoded by the polynucleotide 
further binds to an antibody, Wherein the antibody is raised 
to a polypeptide comprising a sequence of amino acids from 
the group consisting of: (a) the polypeptide comprising 
amino acid number 20 (Ala) to 227 (Pro) of SEQ ID NO:2; 
(b) the polypeptide comprising amino acid number 20 (Ala) 
to 519 (Glu) of SEQ ID NO:2; (c) the polypeptide compris 
ing amino acid number 20 (Ala) to 543 (Leu) of SEQ ID 
NO:2; (d) the polypeptide comprising amino acid number 
544 (Lys) to 732 (Val) of SEQ ID NO:2; (e) the polypeptide 
comprising amino acid number 544 (Lys) to 649 (Ile) of 
SEQ ID NO:46; the polypeptide comprising amino acid 
number 20 (Ala) to 732 (Val) of SEQ ID NO:2; (g) the 
polypeptide comprising amino acid number 20 (Ala) to 649 
(Ile) of SEQ ID NO:46; (h) the polypeptide comprising 
amino acid number 1 (Met) to 732 (Val) of SEQ ID NO:2; 
and the polypeptide comprising amino acid number 1 
(Met) to 649 (Ile) of SEQ ID NO:46, and Wherein the 
binding of the antibody to the isolated polypeptide is mea 
sured by a biological or biochemical assay including radio 
immunoassay, radioimmuno-precipitation, Western blot, or 
enzyme-linked immunosorbent assay. 
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[0016] Within another aspect, the present invention pro 
vides a method of producing a Zcytor17 polypeptide com 
prising: culturing a cell as disclosed above; and isolating the 
Zcytor17 polypeptide produced by the cell. 

[0017] Within another aspect, the present invention pro 
vides an isolated polypeptide comprising an amino acid 
segment selected from the group consisting of: (a) the amino 
acid sequence as shoWn in SEQ ID NO:2 from amino acid 
number 20 (Ala) to amino acid number 227 (Pro); (b) the 
amino acid sequence as shoWn in SEQ ID NO:2 from amino 
acid number 20 (Ala) to amino acid number 519 (Glu); the 
amino acid sequence as shoWn in SEQ ID NO:18; the amino 
acid sequence as shoWn in SEQ ID NO:22; and (b) 
sequences that are at least 90% identical to (a) or (b), 
Wherein the polypeptide is substantially free of transmem 
brane and intracellular domains ordinarily associated With 
hematopoietic receptors. Within another aspect, the present 
invention provides a method of producing a Zcytor17 
polypeptide comprising: culturing a cell as disclosed above; 
and isolating the Zcytor17 polypeptide produced by the cell. 
Within another aspect, the present invention provides a 
method of producing an antibody to a Zcytor17 polypeptide 
comprising: inoculating an animal With a polypeptide 
selected from the group consisting of: (a) a polypeptide 
consisting of 9 to 713 amino acids, Wherein the polypeptide 
comprises a contiguous sequence of amino acids in SEQ ID 
NO:2 from amino acid number 20 (Ala), to amino acid 
number 732 (Val); (b) a polypeptide consisting of 9 to 630 
amino acids, Wherein the polypeptide comprises a contigu 
ous sequence of amino acids in SEQ ID NO:46 from amino 
acid number 20 (Ala), to amino acid number 649 (Ile); (c) 
a polypeptide comprising amino acid number 20 (Ala) to 
227 (Pro) of SEQ ID NO:2; (d) a polypeptide comprising 
amino acid number 20 (Ala) to 519 (Glu) of SEQ ID NO:2; 
(e) a polypeptide comprising amino acid number 20 (Ala) to 
543 (Leu) of SEQ ID NO:2; a polypeptide comprising 
amino acid number 544 (Lys) to 732 (Val) of SEQ ID NO:2; 
(g) a polypeptide comprising amino acid number 544 (Lys) 
to 649 (Ile) of SEQ ID NO:46; (h) a polypeptide comprising 
amino acid number 20 (Ala) to 732 (Val) of SEQ ID NO:2; 
(i) a polypeptide comprising amino acid number 20 (Ala) to 
649 (Ile) of SEQ ID NO:46; a polypeptide comprising 
amino acid number 1 (Met) to 732 (Val) of SEQ ID NO:2; 
(k) a polypeptide comprising amino acid number 1 (Met) to 
649 (Ile) of SEQ ID NO:46, (1) a polypeptide comprising 
amino acid residues 43 through 48 of SEQ ID NO:2; a 
polypeptide comprising amino acid residues 157 through 
162 of SEQ ID NO:2; (n) a polypeptide comprising amino 
acid residues 158 through 163 of SEQ ID NO:2; (o) a 
polypeptide comprising amino acid residues 221 through 
226 of SEQ ID NO:2; and a polypeptide comprising 
amino acid residues 426 through 431 of SEQ ID NO:2; and 
Wherein the polypeptide elicits an immune response in the 
animal to produce the antibody; and isolating the antibody 
from the animal. Within another aspect, the present inven 
tion provides an antibody produced by the method as 
disclosed above, Which speci?cally binds to a Zcytor17 
polypeptide. In one embodiment, the antibody disclosed 
above is a monoclonal antibody. 

[0018] Within another aspect, the present invention pro 
vides an antibody that speci?cally binds to a polypeptide as 
disclosed above. In one embodiment, the antibody disclosed 
above binds to a polypeptide of as disclosed above. 
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[0019] Within another aspect, the present invention pro 
vides a method of detecting, in a test sample, the presence 
of a modulator of Zcytor17 protein activity, comprising: 
culturing a cell into Which has been introduced an expres 
sion vector as disclosed above, Wherein the cell expresses 
the Zcytor17 protein encoded by the DNA segment in the 
presence and absence of a test sample; and comparing levels 
of activity of Zcytor17 in the presence and absence of a test 
sample, by a biological or biochemical assay; and determin 
ing from the comparison, the presence of modulator of 
Zcytor17 activity in the test sample. 

[0020] Within another aspect, the present invention pro 
vides a method for detecting a Zcytor17 receptor ligand 
Within a test sample, comprising: contacting a test sample 
With a polypeptide comprising an amino acid sequence from 
the group consisting of: (a) the amino acid sequence as 
shoWn in SEQ ID NO:2 from amino acid number 20 (Ala) 
to amino acid number 227 (Pro); (b) the amino acid 
sequence as shoWn in SEQ ID NO:2 from amino acid 
number 20 (Ala) to amino acid number 519 (Glu); the amino 
acid sequence as shoWn in SEQ ID NO:18; the amino acid 
sequence as shoWn in SEQ ID NO:22; and detecting the 
binding of the polypeptide to a ligand in the sample. In one 
embodiment is provided the method disclosed above 
Wherein the polypeptide is membrane bound Within a cul 
tured cell, and the detecting step comprises measuring a 
biological response in the cultured cell. In another embodi 
ment is provided the method disclosed above Wherein the 
biological response is cell proliferation or activation of 
transcription of a reporter gene. 

[0021] Prior to setting forth the invention in detail, it may 
be helpful to the understanding thereof to de?ne the folloW 
ing terms: 

[0022] 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 af?nity tag. Af?nity 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 af?nity 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 Puri?cation 2: 95-107, 1991. DNAs 
encoding affinity tags are available from commercial sup 
pliers (e.g., Pharmacia Biotech, PiscataWay, N.] 

[0023] 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. 

[0024] The terms “amino-terminal” and “carboxyl-termi 
nal” are used herein to denote positions Within polypeptides. 
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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. 

[0025] 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_1. 

[0026] The term “complements of a polynucleotide mol 
ecule” is a polynucleotide molecule having a complemen 
tary base sequence and reverse orientation as compared to a 
reference sequence. For example, the sequence 5‘ ATG 
CACGGG 3‘ is complementary to 5‘ CCCGTGCAT 3‘. 

[0027] The term “contig” denotes a polynucleotide that 
has a contiguous stretch of identical or complementary 
sequence to another polynucleotide. Contiguous sequences 
are said to “overlap” a given stretch of polynucleotide 
sequence either in their entirety or along a partial stretch of 
the polynucleotide. For example, representative contigs to 
the polynucleotide sequence 5‘-ATGGCTTAGCTT-3‘ are 
5‘-TAGCTTgagtct-3‘ and 3‘-gtcgacTACCGA-5‘. 

[0028] 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 
codons contain different triplets of nucleotides, but encode 
the same amino acid residue (i.e., GAU and GAC triplets 
each encode Asp). 

[0029] 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. 

[0030] 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 
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to one of ordinary skill in the art (see for example, Dynan 
and Tijan, Nature 316:774-78, 1985). 

[0031] 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, multimers, or alternatively glycosylated or 
derivatiZed forms. 

[0032] 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. 

[0033] The term “ortholog” denotes a polypeptide or pro 
tein obtained from one species that is the functional coun 
terpart of a polypeptide or protein from a different species. 
Sequence differences among orthologs are the result of 
speciation. “Paralogs” are distinct but structurally related 
proteins made by an organism. Paralogs are believed to arise 
through gene duplication. For example, otX-globin, 
[3-globin, and myoglobin are paralogs of each other. 

[0034] 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. 

[0035] 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”. 

[0036] “Probes and/or primers” as used herein can be 
RNA or DNA. DNA can be either cDNA or genomic DNA. 
Polynucleotide probes and primers are single or double 
stranded DNA or RNA, generally synthetic oligonucle 
otides, but may be generated from cloned cDNA or genomic 
sequences or its complements. Analytical probes Will gen 
erally be at least 20 nucleotides in length, although some 
What shorter probes (14-17 nucleotides) can be used. PCR 
primers are at least 5 nucleotides in length, preferably 15 or 
more nt, more preferably 20-30 nt. Short polynucleotides 
can be used When a small region of the gene is targeted for 
analysis. For gross analysis of genes, a polynucleotide probe 
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may comprise an entire exon or more. Probes can be labeled 
to provide a detectable signal, such as With an enZyme, 
biotin, a radionuclide, ?uorophore, chemiluminescer, para 
magnetic particle and the like, Which are commercially 
available from many sources, such as Molecular Probes, 
Inc., Eugene, Greg, and Amersham Corp., Arlington 
Heights, 111., using techniques that are Well knoWn in the art. 

[0037] 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. 

[0038] 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. 

[0039] The term “receptor” is used herein to denote a 
cell-associated protein, or a polypeptide subunit of such a 
protein, that binds to a bioactive molecule (the “ligand”) and 
mediates the effect of the ligand on the cell. Binding of 
ligand to receptor results in a conformational change in the 
receptor (and, in some cases, receptor multimeriZation, i.e., 
association of identical or different receptor subunits) that 
causes interactions betWeen the effector domain(s) and other 
molecule(s) in the cell. These interactions in turn lead to 
alterations in the metabolism of the cell. Metabolic events 
that are linked to receptor-ligand interactions include gene 
transcription, phosphorylation, dephosphorylation, cell pro 
liferation, increases in cyclic AMP production, mobiliZation 
of cellular calcium, mobiliZation of membrane lipids, cell 
adhesion, hydrolysis of inositol lipids and hydrolysis of 
phospholipids. Cell-surface cytokine receptors are charac 
teriZed by a multi-domain structure as discussed in more 
detail beloW. These receptors are anchored in the cell 
membrane by a transmembrane domain characteriZed by a 
sequence of hydrophobic amino acid residues (typically 
about 21-25 residues), Which is commonly ?anked by posi 
tively charged residues (Lys or Arg). 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 hor 
mone receptor, IL-3 receptor, GM-CSF receptor, G-CSF 
receptor, erythropoietin receptor and IL-6 receptor). The 
term “receptor polypeptide” is used to denote complete 
receptor polypeptide chains and portions thereof, including 
isolated functional domains (e.g., ligand-binding domains). 

[0040] A “secretory signal sequence” is 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 peptide is commonly cleaved to 
remove the secretory peptide during transit through the 
secretory pathWay. 

[0041] A “soluble receptor” is a receptor polypeptide that 
is not bound to a cell membrane. Soluble receptors are most 
commonly ligand-binding receptor polypeptides that lack 
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transmembrane and cytoplasmic domains. Soluble receptors 
can comprise additional amino acid residues, such as affinity 
tags that provide for puri?cation of the polypeptide or 
provide sites for attachment of the polypeptide to a substrate, 
or immunoglobulin constant region sequences. Many cell 
surface receptors have naturally occurring, soluble counter 
parts that are produced by proteolysis. Soluble receptor 
polypeptides are said to be substantially free of transmem 
brane and intracellular polypeptide segments When they lack 
sufficient portions of these segments to provide membrane 
anchoring or signal transduction, respectively. 

[0042] 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. 

[0043] 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%. 

[0044] All references cited herein are incorporated by 
reference in their entirety. 

[0045] The present invention is based in part upon the 
discovery of a novel DNA sequence that encodes a protein 
having the structure of a class I cytokine receptor. The 
deduced amino acid sequence indicated that the encoded 
receptor belongs to the receptor subfamily that includes 
gp130, LIF, IL-12, oncostatin M receptor (OSM-R), WSX-1 
receptors (Sprecher CA et al., Biochem. Biophys. Res. 
Comm. 246:81-90 (1998), DCRS2 (WIPO Publication No. 
WO00/73451), the IL-2 receptor [3-subunit and the [3-com 
mon receptor (i.e., IL3, IL-5, and GM-CSF receptor [3-sub 
units. The polypeptide has been designated Zcytor17. The 
Zcytor17 polynucleotide sequence encodes the entire coding 
sequence of the predicted protein. Zcytor17 is a novel 
cytokine receptor that may be involved in immune regula 
tion, an apoptotic cellular pathWay, as a cell-cell signaling 
molecule, groWth factor receptor, or extracellular matrix 
associated protein With groWth factor hormone activity, or 
the like. 

[0046] The sequence of the Zcytor17 polypeptide Was 
deduced from genomic DNA as Well as identi?ed clones that 
contained its corresponding polynucleotide sequence. The 
clones Were obtained from a prostate library. Other libraries 
that might also be searched for such sequences include PBL, 
testes, monocytes, thymus, spleen, lymph node, bone mar 
roW, human erythroleukemia, lung (e.g., WI-38 cells) and 
acute monocytic leukemia cell lines, other lymphoid and 
hematopoietic cell lines, and the like. 

[0047] Nucleotide sequences of representative Zcytor17 
encoding DNA are described in SEQ ID NO:1 (from nucle 
otide 171 to 2366), With its deduced 732 amino acid 
sequence described in SEQ ID NO:2; SEQ ID NO:45 (from 
nucleotide 162 to 2108), With its deduced 649 amino acid 
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sequence described in SEQ ID NO:46.; and in SEQ ID 
NO:53 (from nucleotide 497 to 2482), With its deduced 662 
amino acid sequence described in SEQ ID NO:54. In its 
entirety, the Zcytor17 polypeptide (SEQ ID NO:2, SEQ ID 
NO:46 or SEQ ID NO:54) represents a full-length polypep 
tide segment (residue 1 (Met) to residue 732 (Val) of SEQ 
ID NO:2; residue 1 (Met) to residue 649 (Ile) of SEQ ID 
NO:46; residue 1 (Met) to residue 662 (Ile) of SEQ ID 
NO:54). The domains and structural features of the Zcytor17 
polypeptides are further described beloW. 

[0048] Analysis of the Zcytor17 polypeptide encoded by 
the DNA sequence of SEQ ID NO:1 revealed an open 
reading frame encoding 732 amino acids (SEQ ID NO:2) 
comprising a predicted secretory signal peptide of 19 amino 
acid residues (residue 1 (Met) to residue 19 (Ala) of SEQ ID 
NO:2), and a mature polypeptide of 713 amino acids (resi 
due 20 (Ala) to residue 732 (Val) of SEQ ID NO:2). Analysis 
of the Zcytor17 polypeptide encoded by the DNA sequence 
of SEQ ID NO:45 revealed an open reading frame encoding 
649 amino acids (SEQ ID NO:46) comprising a predicted 
secretory signal peptide of 19 amino acid residues (residue 
1 (Met) to residue 19 (Ala) of SEQ ID NO:46), and a mature 
polypeptide of 630 amino acids (residue 20 (Ala) to residue 
649 (Ile) of SEQ ID NO:46). Analysis of the Zcytor17 
polypeptide encoded by the DNA sequence of SEQ ID 
NO:53 revealed an open reading frame encoding 662 amino 
acids (SEQ ID NO:54) comprising a predicted secretory 
signal peptide of 32 amino acid residues (residue 1 (Met) to 
residue 32 (Ala) of SEQ ID N054), and a mature polypep 
tide of 630 amino acids (residue 33 (Ala) to residue 662 (Ile) 
of SEQ ID NO:54). In addition to the WSXWS motif (SEQ 
ID NO:3) (corresponding to residues 211 to 215 of SEQ ID 
NO:2 and SEQ ID NO:46; and residues 224 to 228 of SEQ 
ID NO:54), the receptor comprises an extracellular domain 
(residues 20 (Ala) to 519 (Glu) of SEQ ID NO:2 and SEQ 
ID NO:46; residues 33 (Ala) to 532 (Glu) of SEQ ID NO:54) 
Which includes a cytokine-binding domain of approximately 
200 amino acid residues (residues 20 (Ala) to 227 (Pro) of 
SEQ ID NO:2 and SEQ ID NO:46; residues 33 (Ala) to 240 
(Pro) of SEQ ID NO:54); a domain linker (residues 122 
(Thr) to 125 (Pro) of SEQ ID NO:2 and SEQ ID NO:46; 
residues 135 (Thr) to 138 (Pro) of SEQ ID NO:2); a 
penultimate strand region (residues 194 (Phe) to 202 (Arg) 
of SEQ ID NO:2 and SEQ ID NO:46; residues 207 (Phe) to 
215 (Arg) of SEQ ID NO:54); a ?bronectin type III domain 
(residues 228 (Cys) to 519 (Glu) of SEQ ID NO:2 and SEQ 
ID NO:46; residues 241 (Cys) to 532 (Glu) of SEQ ID 
NO:54); a transmembrane domain (residues 520 (Ile) to 543 
(Leu) of SEQ ID NO:2 and SEQ ID NO:46; residues 533 
(Ile) to 556 (Leu) of SEQ ID NO:54); complete intracellular 
signaling domain (residues 544 (Lys) to 732 (Val) of SEQ ID 
NO:2; residues 544 (Lys) to 649 (Ile) of SEQ ID NO:46; and 
residues 557 (Lys) to 662 (Ile) of SEQ ID NO:54) Which 
contains a “Box I” signaling site (residues 554 (Trp) to 560 
(Pro) of SEQ ID NO:2 and SEQ ID NO:46; residues 567 
(Trp) to 573 (Pro) of SEQ ID N054), and a “Box II” 
signaling site (residues 617 (Gln) to 620 (Phe) of SEQ ID 
NO:2 and SEQ ID NO:46; residues 630 (Gln) to 633 (Phe) 
of SEQ ID NO:54). Those skilled in the art Will recogniZe 
that these domain boundaries are approximate, and are based 
on alignments With knoWn proteins and predictions of 
protein folding. In addition to these domains, conserved 
receptor features in the encoded receptor include (as shoWn 
in SEQ ID NO:2 and SEQ ID NO:46) a conserved Cys 
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residue at position 30 (position 43 as shoWn in SEQ ID 
NO:54), CXW motif (wherein X is any amino acid) at 
positions 40-42 (positions 53-55 as shoWn in SEQ ID 
NO:54), Trp residue at position 170 (position 183 as shoWn 
in SEQ ID NO:54), and a conserved Arg residue at position 
202 (position 215 as shoWn in SEQ ID NO:54). The corre 
sponding polynucleotides encoding the Zcytor17 polypep 
tide regions, domains, motifs, residues and sequences 
described above are as shoWn in SEQ ID NO:1, SEQ ID 
NO:45, and SEQ ID NO:53. 

[0049] Moreover, truncated forms of the Zcytor17 
polypeptide appear to be naturally eXpressed. Both forms 
encode soluble Zcytor17 receptors. Apolynucleotide encod 
ing a “long-form” of the soluble Zcytor17 receptor, truncated 
Within the ?bronectin type III domain, is shoWn in SEQ ID 
NO:17 and the corresponding polypeptide is shoWn in SEQ 
ID NO:18. This truncated form encodes residues 1 (Met) 
through 324 (Lys) of SEQ ID NO:2 and SEQ ID NO:46), 
and thus comprises an intact signal sequence, WSXWS 
(SEQ ID NO:3) motif, linker, cytokine binding domain, 
penultimate strand, and conserved, Cys, CXW motif, Trp 
and Arg residues as described above. A polynucleotide 
encoding a “short-form” of the soluble Zcytor17 receptor, 
truncated at the end of the cytokine binding domain is shoWn 
in SEQ ID NO:21 and the corresponding polypeptide is 
shoWn in SEQ ID NO:22. This truncated form encodes a 239 
residue polypeptide that is identical to residues 1 (Met) 
through 225 (Glu) of SEQ ID NO:2 and SEQ ID NO:46 and 
then diverges, and thus comprises an intact signal sequence, 
WSXWS (SEQ ID NO:3) motif, linker, cytokine binding 
domain, penultimate strand, and conserved, Cys, CXW 
motif, Trp and Arg residues as described above. A multiple 
alignment of the truncated forms compared to the full-length 
forms of Zcytor17 is shoWn in FIG. 1. 

[0050] Moreover, the Zcytor17 cDNA of SEQ ID NO:1, 
SEQ ID NO:45, SEQ ID NO:17, and SEQ ID NO:21 encode 
polypeptides that may use an alternative initiating methion 
ine (at nucleotide 75 of SEQ ID NO:1, at nucleotide 66 of 
SEQ ID NO:45, at nucleotide 66 of SEQ ID NO:17, and at 
nucleotide 66 of SEQ ID NO:21) that Would encode a 
polypeptide in the same open reading frame (ORF) as the 
Zcytor17 polypeptides of SEQ ID NO:2, SEQ ID NO:46, 
SEQ ID NO:18, and SEQ ID NO:22. Use of the alternative 
initiating methionine Would add 32 amino acids (shoWn in 
SEQ ID NO:48) in-frame to the N-terminus of SEQ ID 
NO:2, SEQ ID NO:46, SEQ ID NO:18, and SEQ ID NO:2. 
In addition, nucleotide 536 of SEQ ID NO:53 may serve as 
an alternative initiating methionine, thus generating the 
same N-terminus (starting at amino acid 14 (Met) of SEQ ID 
NO:54) and signal polypeptide sequence, as SEQ. ID NO:2, 
SEQ ID NO:46, SEQ ID NO:18, and SEQ ID NO:22. 
Moreover, the second Met at amino acid number 2 in the 
SEQ ID NO:2, SEQ ID NO:46, SEQ ID NO:18, and SEQ ID 
NO:22 sequences (similarly at amino acid number 15 (Met) 
in SEQ ID NO:54) may also serve as an alternative starting 
methionine for the polypeptides. 

[0051] The presence of transmembrane regions, and con 
served and loW variance motifs generally correlates With or 
de?nes important structural regions in proteins. Regions of 
loW variance (e.g., hydrophobic clusters) are generally 
present in regions of structural importance (Sheppard, P. et 
al., supra.). Such regions of loW variance often contain rare 
or infrequent amino acids, such as Tryptophan. The regions 
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?anking and betWeen such conserved and loW variance 
motifs may be more variable, but are often functionally 
signi?cant because they may relate to or de?ne important 
structures and activities such as binding domains, biological 
and enZymatic activity, signal transduction, cell-cell inter 
action, tissue localiZation domains and the like. 

[0052] The regions of conserved amino acid residues in 
Zcytor17, described above, can be used as tools to identify 
neW family members. For instance, reverse transcription 
polymerase chain reaction (RT-PCR) can be used to amplify 
sequences encoding the conserved regions from RNA 
obtained from a variety of tissue sources or cell lines. In 
particular, highly degenerate primers designed from the 
Zcytor17 sequences are useful for this purpose. Designing 
and using such degenerate primers may be readily per 
formed by one of skill in the art. 

[0053] The present invention provides polynucleotide 
molecules, including DNA and RNA molecules that encode 
the Zcytor17 polypeptides disclosed herein. Those skilled in 
the art Will recogniZe that, in vieW of the degeneracy of the 
genetic code, considerable sequence variation is possible 
among these polynucleotide molecules. SEQ ID NO:4, SEQ 
ID NO:47 and SEQ ID NO:55 are degenerate DNA 
sequences that encompass all DNAs that encode the my 
tor17 polypeptide of SEQ ID NO:2, SEQ ID NO:46 and 
SEQ ID NO:54 respectively. Those skilled in the art Will 
recogniZe that the degenerate sequences of SEQ ID NO:4, 
SEQ ID NO:47 and SEQ ID NO:55 also provide all RNA 
sequences encoding SEQ ID NO:2, SEQ ID NO:46 and SEQ 
ID NO:54 by substituting U for T. Thus, Zcytor17 polypep 
tide-encoding polynucleotides comprising nucleotide 1 to 
nucleotide 2196 of SEQ ID NO:4, nucleotide 1 to nucleotide 
1947 of SEQ ID NO:47, and nucleotide 1 to nucleotide 1986 
of SEQ ID NO:55 and their RNA equivalents are contem 
plated by the present invention. Table 1 sets forth the 
one-letter codes used Within SEQ ID NO:4, SEQ ID NO:47 
and SEQ ID NO:55 to denote degenerate nucleotide posi 
tions. “Resolutions” are the nucleotides denoted by a code 
letter. “Complement” indicates the code for the complemen 
tary nucleotide(s). For eXample, the code Y denotes either C 
or T, and its complement R denotes A or G, A being 
complementary to T, and G being complementary to C. 

[0054] The degenerate codons used in SEQ ID NO:4, SEQ 
ID NO:47 and SEQ ID NO:55, encompassing all possible 
codons for a given amino acid, are set forth in Table 2. 
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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 

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 

AsnIAsp B RAY 

GluIGln Z SAR 

Any x NNN 

[0055] 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 reference to the amino acid sequences of SEQ 
ID NO12, SEQ ID NO146 and SEQ ID NO154; or SEQ ID 
NO157 and SEQ ID NO193. Variant sequences can be readily 
tested for functionality as described herein. 

[0056] 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. 811893 
912, 1980; Haas, et al. Curr Biol. 61315-24, 1996; Wain 
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Hobson, et al., Gene 131355-64, 1981; Grosjean and Fiers, 
Gene 181199-209, 1982; Holm,Nuc. Acids Res. 1413075-87, 
1986; Ikemura, J. Mol. Biol. 1581573-97, 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 
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. Therefore, 
the degenerate codon sequences disclosed in SEQ ID NO14, 
SEQ ID NO147 and SEQ ID NO155 serve as templates for 
optimiZing expression of Zcytor17 polynucleotides in vari 
ous cell types and species commonly used in the art and 
disclosed herein. Sequences containing preferential codons 
can be tested and optimiZed for expression in various 
species, and tested for functionality as disclosed herein. 

[0057] Within preferred embodiments of the invention the 
isolated polynucleotides Will hybridiZe to similar siZed 
regions of SEQ ID NO11, SEQ ID NO145, or SEQ ID 
NO154; or SEQ ID NO157 and SEQ ID NO193; or a 
sequence complementary thereto, under stringent condi 
tions. 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. Numerous equations for calculating Trn 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., Molecu 
lar Cloning: 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 Wet 
mur, Crit. Rev. Biochem. Mol. Biol. 261227 (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 Trn 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 (e.g., >50 
base pairs) is performed at temperatures of about 20-25° C. 
beloW the calculated Tm. For smaller probes (e.g., <50 base 
pairs) hybridization is typically carried out at the Trn or 5-10° 
C. beloW. This alloWs for the maximum rate of hybridization 
for DNA-DNA and DNA-RNA hybrids. Higher degrees of 
stringency at loWer temperatures can be achieved With the 
addition of formamide Which reduces the Trn of the hybrid 
about 1° C. for each 1% formamide in the buffer solution. 
Suitable stringent hybridiZation conditions are equivalent to 
about a 5 h to overnight incubation at about 42° C. in a 
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solution comprising: about 40-50% formamide, up to about 
6><SSC, about 5>< Denhardt’s solution, Zero up to about 10% 
dextran sulfate, and about 10-20 pig/ml denatured commer 
cially-available carrier DNA. Generally, such stringent con 
ditions include temperatures of 20-70° C. and a hybridiZa 
tion buffer containing up to 6><SSC and 0-50% formamide; 
hybridization is then folloWed by Washing ?lters in up to 
about 2><SSC. For example, a suitable Wash stringency is 
equivalent to 0.1><SSC to 2><SSC, 0.1% SDS, at 55° C. to 65° 
C. Different degrees of stringency can be used during 
hybridiZation and Washing to achieve maximum speci?c 
binding to the target sequence. Typically, the Washes fol 
loWing hybridiZation are performed at increasing degrees of 
stringency to remove non-hybridiZed polynucleotide probes 
from hybridiZed complexes. Stringent hybridiZation and 
Wash conditions depend on the length of the probe, re?ected 
in the Tm, hybridiZation and Wash solutions used, and are 
routinely determined empirically by one of skill in the art. 

[0058] 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 Zcytor17 RNA. Such tissues and cells are 
identi?ed by Northern blotting (Thomas, Proc. Natl. Acad. 
Sci. USA 77:5201, 1980), and include PBLs, spleen, thymus, 
bone marroW, prostate, and lymph tissues, human erythro 
leukemia cell lines, acute monocytic leukemia cell lines, 
other lymphoid and hematopoietic cell lines, and the like. 
Total RNA can be prepared using guanidinium isothiocyan 
ate extraction folloWed by isolation by centrifugation 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 pre 
pared from poly(A)+ RNA using knoWn methods. In the 
alternative, genomic DNA can be isolated. Polynucleotides 
encoding Zcytor17 polypeptides are then identi?ed and 
isolated by, for example, hybridiZation or polymerase chain 
reaction (PCR) (Mullis, US. Pat. No. 4,683,202). 

[0059] A full-length clone encoding Zcytor17 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 Zcytor17, receptor fragments, or 
other speci?c binding partners. 

[0060] The polynucleotides of the present invention can 
also be synthesiZed using DNA synthesis machines. Cur 
rently the method of choice is the phosphoramidite method. 
If chemically synthesiZed double stranded DNA is required 
for an application such as the synthesis of a gene or a gene 
fragment, then each complementary strand is made sepa 
rately. The production of short polynucleotides (60 to 80 bp) 
is technically straightforWard and can be accomplished by 
synthesiZing the complementary strands and then annealing 
them. HoWever, for producing longer polynucleotides (>300 
bp), special strategies are usually employed, because the 
coupling ef?ciency of each cycle during chemical DNA 
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synthesis is seldom 100%. To overcome this problem, syn 
thetic genes (double-stranded) are assembled in modular 
form from single-stranded fragments that are from 20 to 100 
nucleotides in length. 

[0061] An alternative Way to prepare a full-length gene is 
to synthesiZe a speci?ed set of overlapping oligonucleotides 
(40 to 100 nucleotides). After the 3‘ and 5‘ short overlapping 
complementary regions (6 to 10 nucleotides) are annealed, 
large gaps still remain, but the short base-paired regions are 
both long enough and stable enough to hold the structure 
together. The gaps are ?lled and the DNA duplex is com 
pleted via enZymatic DNA synthesis by E. coli DNA poly 
merase I. After the enZymatic synthesis is completed, the 
nicks are sealed With T4 DNA ligase. Double-stranded 
constructs are sequentially linked to one another to form the 
entire gene sequence Which is veri?ed by DNA sequence 
analysis. See Glick and Pasternak, Molecular Biotechnol 
ogy, Principles &Applications of Recombinant DNA, (ASM 
Press, Washington, DC. 1994); Itakura et al., Anna. Rev. 
Biochem. 53: 323-56, 1984 and Climie et al., Proc. Natl. 
Acad. Sci. USA 87:633-7, 1990. Moreover, other sequences 
are generally added that contain signals for proper initiation 
and termination of transcription and translation. 

[0062] 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 
Zcytor17 polypeptides from other mammalian species, 
including murine, porcine, ovine, bovine, canine, feline, 
equine, and other primate polypeptides. Orthologs of human 
Zcytor17 can be cloned using information and compositions 
provided by the present invention in combination With 
conventional cloning techniques. For example, a cDNA can 
be cloned using mRNA obtained from a tissue or cell type 
that expresses Zcytor17 as disclosed herein. Suitable sources 
of mRNA can be identi?ed by probing Northern blots With 
probes designed from the sequences disclosed herein. A 
library is then prepared from mRNA of a positive tissue or 
cell line. AZcytor17-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 PCR (Mullis, supra.), using primers 
designed from the representative human Zcytor17 sequence 
disclosed herein. Within an additional 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 Zcytor17 polypeptide. Similar techniques can 
also be applied to the isolation of genomic clones. 

[0063] Apolynucleotide sequence for the mouse ortholog 
of human Zcytor17 has been identi?ed and is shoWn in SEQ 
ID N056 and the corresponding amino acid sequence 
shoWn in SEQ ID NO:57. Analysis of the mouse Zcytor17 
polypeptide encoded by the DNA sequence of SEQ ID 
NO:56 revealed an open reading frame encoding 662 amino 
acids (SEQ ID NO:57) comprising a predicted secretory 
signal peptide of 45 amino acid residues (residue 1 (Met) to 
residue 45 (Ala) of SEQ ID NO:57), and a mature polypep 
tide of 617 amino acids (residue46 (Val) to residue 662 (Cys) 
of SEQ ID NO:57). Moreover, an additional Met residue, 
Met (28) can be used as a starting methionine; comprising a 
second predicted secretory signal peptide of 18 amino acid 
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residues (residue 28 (Met) to residue 45 (Ala) of SEQ ID 
NO:57), and the same mature polypeptide of 617 amino 
acids (residue46 (Val) to residue 662 (Cys) of SEQ ID 
NO:57. In addition to the WSXWS motif (SEQ ID NO:3) 
corresponding to residues 224-228 of SEQ ID NO:57, the 
receptor comprises an extracellular domain from residues 46 
(Val) to 533 (Glu) of SEQ ID NO:57) that includes a 
cytokine-binding domain of approximately 200 amino acid 
residues (residues 46 (Val) to 240 (Pro) of SEQ ID NO:57) 
and a ?bronectin III domain (residues 241 (His) to 533 (Glu) 
of SEQ ID NO:57); a CXW motif (residues 66 (Cys) to 68 
(Trp) of SEQ ID NO:57); a domain linker (residues 142 
(Thr) to 145 (Pro) of SEQ ID NO:57); a penultimate strand 
region (residues 207 (Phe) to 215 (Arg) of SEQ ID NO:57); 
a transmembrane domain (residues 534 (He) to 550 (He) of 
SEQ ID NO:57); complete intracellular signaling domain 
(residues 551 (Lys) to 662 (Cys) of SEQ ID NO:57) Which 
contains a “Box I” signaling site (residues 568 (Cys) to 574 
(Pro) of SEQ ID NO:57), and a “Box II” signaling site 
(residues 628 (Glu) to 631 (leu) of SEQ ID NO:57). Con 
served residues common to class I cytokine receptors, are at 
residues 56 (Cys), 187 (Trp), and 215 A comparison 
of the human and mouse amino acid sequences reveals that 
both the human and orthologous polypeptides contain cor 
responding structural features described above (and, see, 
FIG. 2). The mature sequence for the mouse Zcytor17 begins 
at Val46 (as shoWn in SEQ ID NO:57), Which corresponds to 
Ala33 (as shoWn in SEQ ID NO:54) in the human sequence. 
There is about 61% identity betWeen the mouse and human 
sequences over the entire amino acid sequence correspond 
ing to SEQ ID N054 and SEQ ID NO:57. The above 
percent identity Was determined using a FASTA program 
With ktup=1, gap opening penalty=12, gap extension pen 
alty=2, and substitution matrix=BLOSUM62, With other 
parameters set as default. The corresponding polynucle 
otides encoding the mouse Zcytor17 polypeptide regions, 
domains, motifs, residues and sequences described above 
are as shoWn in SEQ ID NO:56. 

[0064] Moreover, a truncated soluble form of the mouse 
Zcytor17 receptor polypeptide appears to be naturally 
expressed. A polynucleotide sequence for a truncated 
soluble form of the mouse Zcytor17 receptor has been 
identi?ed and is shoWn in SEQ ID NO:92 and the corre 
sponding amino acid sequence shoWn in SEQ ID NO:93. 
Analysis of the truncated soluble mouse Zcytor17 polypep 
tide encoded by the DNA sequence of SEQ ID NO:92 
revealed an open reading frame encoding 547 amino acids 
(SEQ ID NO:93) comprising a predicted secretory signal 
peptide of 45 amino acid residues (residue 1 (Met) to residue 
45 (Ala) of SEQ ID NO:93), and a mature polypeptide of 
502 amino acids (residue46 (Val) to residue 547 (Val) of 
SEQ ID NO:93). Moreover, an additional Met residue, Met 
(28) can be used as a starting methionine; comprising a 
second predicted secretory signal peptide of 18 amino acid 
residues (residue 28 (Met) to residue 45 (Ala) of SEQ ID 
NO:93), and the same mature polypeptide of 502 amino 
acids (residue46 (Val) to residue 547 (Val) of SEQ ID 
NO:93. In addition to the WSXWS motif (SEQ ID NO:3) 
corresponding to residues 224-228 of SEQ ID NO:93, the 
receptor comprises an extracellular domain from residues 46 
(Val) to 533 (Trp) of SEQ ID NO:93) that includes a 
cytokine-binding domain of approximately 200 amino acid 
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residues (residues 46 (Val) to 240 (Pro) of SEQ ID NO:93) 
and a ?bronectin III domain (residues 241 (His) to 533 (Trp) 
of SEQ ID NO:93); a CXW motif (residues 66 (Cys) to 68 
(Trp) of SEQ ID NO:93); a domain linker (residues 142 
(Thr) to 145 (Pro) of SEQ ID NO:93); a penultimate strand 
region (residues 207 (Phe) to 215 (Arg) of SEQ ID NO:93); 
and a C-terminal tail region (residues 534 (Leu) to 547 (Val). 
Conserved residues common to class I cytokine receptors, 
are at residues 56 (Cys), 187 (Trp), and 215 A 
comparison of the human and mouse amino acid sequences, 
including the truncated soluble mouse Zcytor17, reveals that 
both the human and orthologous polypeptides contain cor 
responding structural features described above (and, see, 
FIG. 2). The corresponding polynucleotides encoding the 
truncated soluble mouse Zcytor17 polypeptide regions, 
domains, motifs, residues and sequences described above 
are as shoWn in SEQ ID NO:92. 

[0065] Cytokine receptor subunits are characteriZed by a 
multi-domain structure comprising an extracellular domain, 
a transmembrane domain that anchors the polypeptide in the 
cell membrane, and an intracellular domain. The extracel 
lular domain may be a ligand-binding domain, and the 
intracellular domain may be an effector domain involved in 
signal transduction, although ligand-binding and effector 
functions may reside on separate subunits of a multimeric 
receptor. The ligand-binding domain may itself be a multi 
domain structure. Multimeric receptors include homodimers 
(e.g., PDGF receptor (X0. and [3B isoforms, erythropoietin 
receptor, MPL, and G-CSF receptor), heterodimers Whose 
subunits each have ligand-binding and effector domains 
(e.g., PDGF receptor (x6 isoform), and multimers having 
component subunits With disparate functions (e.g., IL-2, 
IL-3, IL-4, IL-5, IL-6, IL-7, and GM-CSF receptors). Some 
receptor subunits are common to a plurality of receptors. For 
example, the AIC2B subunit, Which cannot bind ligand on 
its oWn but includes an intracellular signal transduction 
domain, is a component of IL-3 and GM-CSF receptors. 
Many cytokine receptors can be placed into one of four 
related families on the basis of the structure and function. 
Hematopoietic receptors, for example, are characteriZed by 
the presence of a domain containing conserved cysteine 
residues and the WSXWS motif (SEQ ID NO:3). Cytokine 
receptor structure has been revieWed by Urdal,Ann. Reports 
Med. Chem. 26:221-228, 1991 and Cosman, Cytokine 5:95 
106, 1993. Under selective pressure for organisms to acquire 
neW biological functions, neW receptor family members 
likely arise from duplication of existing receptor genes 
leading to the existence of multi-gene families. Family 
members thus contain vestiges of the ancestral gene, and 
these characteristic features can be exploited in the isolation 
and identi?cation of additional family members. Thus, the 
cytokine receptor superfamily is subdivided into several 
families, for example, the immunoglobulin family (includ 
ing CSF-1, MGF, IL-1, and PDGF receptors); the hemato 
poietin family (including IL-2 receptor [3-subunit, GM-CSF 
receptor ot-subunit, GM-CSF receptor [3-subunit; and 
G-CSF, EPO, IL-3, IL-4, IL-5, IL-6, IL-7, and IL-9 recep 
tors); TNF receptor family (including TNF (p80) TNF (p60) 
receptors, CD27, CD30, CD40, Fas, and NGF receptor). 

[0066] Analysis of the Zcytor17 sequence suggests that it 
is a member of the same receptor subfamily as the gp130, 
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LIF, IL-12, WSX-1, IL-2 receptor [3-subunit, IL-3, IL-4, and 
IL-6 receptors. Certain receptors in this subfamily (e.g., 
G-CSF) associate to form homodimers that transduce a 
signal. Other members of the subfamily (e.g., gp130, IL-6, 
IL-11, and LIF receptors) combine With a second subunit 
(termed a [3-subunit) to bind ligand and transduce a signal. 
Speci?c [3-subunits associate With a plurality of speci?c 
cytokine receptor subunits. For example, the [3-subunit 
gp130 (Hibi et al., Cell 63:1149-1157, 1990) associates With 
receptor subunits speci?c for IL-6, IL-11, and LIF (Gearing 
et al., EMBO J. 10:2839-2848, 1991; Gearing et al., US. 
Pat. No. 5,284,755). Oncostatin M binds to a heterodimer of 
LIF receptor and gp130. CNTF binds to trimeric receptors 
comprising CNTF receptor, LIF receptor, and gp130 sub 
units. 

[0067] Those skilled in the art Will recogniZe that the 
sequences disclosed in SEQ ID NO:1, SEQ ID NO:45 and 
SEQ ID NO:53 represent alleles of human Zcytor17 and that 
allelic variation and alternative splicing are expected to 
occur. Allelic variants of this sequence can be cloned by 
probing cDNA or genomic libraries from different individu 
als according to standard procedures. Allelic variants of the 
DNA sequence shoWn in SEQ ID NO:1, SEQ ID NO:45 or 
SEQ ID NO:53, 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, SEQ ID 
NO:46, SEQ ID NO:54 SEQ ID NO:57 or SEQ ID NO:93. 
cDNAs generated from alternatively spliced mRNAs, Which 
retain the properties of the Zcytor17 polypeptide are 
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[0068] The present invention also provides isolated Zcy 
tor17 polypeptides that are substantially similar to the 
polypeptides of SEQ ID NO:2, SEQ ID NO:46 or SEQ ID 
NO:54 and their orthologs, e.g., SEQ ID NO:57 and SEQ ID 
NO:93. The term “substantially similar” is used herein to 
denote polypeptides having at least 70%, more preferably at 
least 80%, sequence identity to the sequences shoWn in SEQ 
ID NO:2, SEQ ID NO:46 or SEQ ID NO:54 or their 
orthologs, e.g., SEQ ID NO:57 and SEQ ID NO:93. Such 
polypeptides Will more preferably be at least 90% identical, 
and most preferably 95% or more identical to SEQ ID NO:2, 
SEQ ID NO:46 and SEQ ID NO:54 or its orthologs.) Percent 
sequence identity is determined by conventional methods. 
See, for example, Altschul et al., Bull. Math. Bio. 48: 
603-616, 1986 and Henikoff and Henikoff,Pr0c. Natl. Acad. 
Sci. USA 89:10915-10919, 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 “blosum 62” scoring matrix of Henikoff and Heni 
koff (ibid.) as shoWn in Table 3 (amino acids are indicated 
by the standard one-letter codes). The percent identity is 
then calculated as: 

Total number of identical matches 
X 100 

length of the longer sequence plus the 

number of gaps introduced into the longer 

sequence in order to align the tWo sequences 

TABLE 3 

DCQEGHI LKMFPSTWYV 

-1 -3 -3 -4 -3 4 
-1 -2 -3 -4 -3 2 4 

—1 0 —2 —3 —2 1 2 —1 5 
—2 —3 —3 —3 —1 0 0 —3 0 6 

included Within the scope of the present invention, as are 
polypeptides encoded by such cDNAs and mRNAs. Allelic 
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. For example, the short-form and long-form soluble 
Zcytor17 receptors described above, and in SEQ ID NO:17 
and SEQ ID NO:18 or SEQ ID NO:21 and SEQ ID NO:22 
can be considered allelic or splice variants of Zcytor17. 

[0069] Sequence identity of polynucleotide molecules is 
determined by similar methods using a ratio as disclosed 
above. 

[0070] 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 
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putative variant Zcytor17. The FASTA algorithm is 
described by Pearson and Lipman, Proc. Nat’l. Acad. Sci. 
USA 8512444 (1988), and by Pearson, Meth. Enzymol. 
183163 (1990). 

[0071] Brie?y, FASTA ?rst characterizes sequence simi 
larity by identifying regions shared by the query sequence 
(e.g., SEQ ID NO12, SEQ ID NO146, SEQ ID NO154, SEQ 
ID NO157 and SEQ ID NO193) 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 dele 
tions. The ten regions With the highest density of identities 
are then rescored 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]. 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, With other 
parameters set as default. These parameters can be intro 
duced into a FASTA program by modifying the scoring 
matrix ?le (“SMATRIX”), as explained in Appendix 2 of 
Pearson, Meth. Enzymol. 183163 (1990). 

[0072] 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 FASTA program param 
eters set as default. 

[0073] The BLOSUM62 table (Table 3) is an amino acid 
substitution matrix derived from about 2,000 local multiple 
alignments of protein sequence segments, representing 
highly conserved regions of more than 500 groups of related 
proteins (Henikoff and Henikoff, Proc. Nat’l. Acad. Sci. USA 
89110915 (1992)). Accordingly, the BLOSUM62 substitu 
tion frequencies can be used to de?ne conservative amino 
acid substitutions that may be introduced into the amino acid 
sequences of the present invention. Although it is possible to 
design amino acid substitutions based solely upon chemical 
properties (as discussed beloW), the language “conservative 
amino acid substitution” preferably refers to a substitution 
represented by a BLOSUM62 value of greater than —1. For 
example, an amino acid substitution is conservative if the 
substitution is characteriZed by a BLOSUM62 value of 0, 1, 
2, or 3. According to this system, preferred conservative 
amino acid substitutions are characteriZed by a BLOSUM62 
value of at least 1 (e.g., 1, 2 or 3), While more preferred 
conservative amino acid substitutions are characteriZed by a 
BLOSUM62 value of at least 2 (e.g., 2 or 3). 

[0074] Variant Zcytor17 polypeptides or substantially 
homologous Zcytor17 polypeptides are characteriZed as hav 
ing one or more amino acid substitutions, deletions or 
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additions. These changes are preferably of a minor nature, 
that is conservative amino acid substitutions (see Table 4) 
and other substitutions that do not signi?cantly affect the 
folding or activity of the polypeptide; small deletions, typi 
cally of one to about 30 amino acids; and small 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 af?nity tag. The present invention thus 
includes polypeptides that comprise a sequence that is at 
least 80%, preferably at least 90%, and more preferably 95% 
or more identical to the corresponding region of SEQ ID 
NO12, SEQ ID NO146, SEQ ID NO154, SEQ ID NO157 or 
SEQ ID NO193excluding the tags, extension, linker 
sequences and the like. Polypeptides comprising affinity tags 
can further comprise a proteolytic cleavage site betWeen the 
Zcytor17 polypeptide and the af?nity tag. Suitable sites 
include thrombin cleavage sites and factor Xa cleavage sites. 

TABLE 4 

Conservative amino acid substitutions 

Basic: arginine 
lysine 
histidine 
glutamic acid 
aspartic acid 

Polar: glutamine 
asparagine 
leucine 
isoleucine 
valine 
phenylalanine 
tryptophan 
tyrosine 

Small: glycine 
alanine 
serine 
threonine 
methionine 

Acidic : 

Hydrophobic: 

Aromatic: 

[0075] The present invention further provides a variety of 
other polypeptide fusions and related multimeric proteins 
comprising one or more polypeptide fusions. For example, 
a Zcytor17 polypeptide can be prepared as a fusion to a 
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. Immu 
noglobulin-Zcytor17 polypeptide fusions can be expressed 
in genetically engineered cells to produce a variety of 
multimeric Zcytor17 analogs. Auxiliary domains can be 
fused to Zcytor17 polypeptides to target them to speci?c 
cells, tissues, or macromolecules (e.g., collagen). AZcytor17 
polypeptide can be fused to tWo or more moieties, such as 
an affinity 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., Con 
nective Tissue Research 3411-9, 1996. 

[0076] The proteins of the present invention can also 
comprise non-naturally occurring amino acid residues. Non 
naturally occurring amino acids include, Without limitation, 
trans-3-methylproline, 2,4-methanoproline, cis-4-hydrox 
yproline, trans-4-hydroxyproline, N-methylglycine, allo 
threonine, methylthreonine, hydroxyethylcysteine, hydroxy 
ethylhomocysteine, nitroglutamine, homoglutamine, 
pipecolic acid, thiaZolidine carboxylic acid, dehydroproline, 
3- and 4-methylproline, 3,3-dimethylproline, tert-leucine, 
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norvaline, 2-aZaphenylalanine, 3-aZaphenylalanine, 4-aZa 
phenylalanine, and 4-?uorophenylalanine. Several methods 
are known in the art for incorporating non naturally occur 
ring amino acid residues into proteins. For example, an in 
vitro system can be employed Wherein nonsense mutations 
are suppressed using chemically aminoacylated suppressor 
tRNAs. Methods for synthesizing amino acids and aminoa 
cylating tRNA are knoWn in the art. Transcription and 
translation of plasmids containing nonsense mutations is 
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 2591806-9, 1993; and Chung et al., 
Proc. Natl. Acad. Sci. USA 90110145-9, 1993). In a second 
method, translation is carried out in Xenopus oocytes by 
microinjection of mutated mRNA and chemically aminoa 
cylated suppressor tRNAs (Turcatti et al., J. Biol. Chem. 
271119991-8, 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 presence of the 
desired non-naturally occurring amino acid(s) (e.g., 2-aZa 
phenylalanine, 3-aZaphenylalanine, 4-aZaphenylalanine, or 
4-?uorophenylalanine). The non-naturally occurring amino 
acid is incorporated into the protein in place of its natural 
counterpart. See, Koide et al., Biochem. 3317470-7476, 
1994. Naturally occurring amino acid residues can be con 
verted to non-naturally occurring species by in vitro chemi 
cal modi?cation. Chemical modi?cation can be combined 
With site-directed mutagenesis to further expand the range of 
substitutions (Wynn and Richards, Protein Sci. 21395-403, 
1993). 
[0077] Alimited 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 Zcytor17 amino acid residues. 

[0078] Essential amino acids in the polypeptides of the 
present invention can be identi?ed according to procedures 
knoWn in the art, such as site-directed mutagenesis or 
alanine-scanning mutagenesis (Cunningham and Wells, Sci 
ence 244: 1081-5, 1989; Bass et al., Proc. Natl. Acad. Sci. 
USA 8814498-502, 1991). In the latter technique, single 
alanine mutations are introduced at every residue in the 
molecule, and the resultant mutant molecules are tested for 
biological activity (eg ligand binding and signal transduc 
tion) 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. 27114699-4708, 1996. Sites of ligand 
receptor, protein-protein or other biological interaction can 
also be determined by physical analysis of structure, as 
determined by such techniques as nuclear magnetic reso 
nance, crystallography, electron diffraction or photoaf?nity 
labeling, in conjunction With mutation of putative contact 
site amino acids. See, for example, de Vos et al., Science 
2551306-312, 1992; Smith et al.,J. Mol. Biol. 2241899-904, 
1992; Wlodaver et al., FEBS Lett. 309159-64, 1992. The 
identities of essential amino acids can also be inferred from 
analysis of homologies With related receptors. 

[0079] Determination of amino acid residues that are 
Within 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 
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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 and 
computer analysis using available softWare (e.g., the Insight 
II® vieWer and homology modeling tools; MSI, San Diego, 
Calif.), secondary structure propensities, binary patterns, 
complementary packing and buried polar interactions (Bar 
ton, Current Opin. Struct. Biol. 51372-376, 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. 
[0080] Amino acid sequence changes are made in my 
tor17 polypeptides so as to minimiZe disruption of higher 
order structure essential to biological activity. For example, 
When the Zcytor17 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. 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., Lapthorn et al., Nat. Struct. Biol. 21266 
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. 
2011216-226, 1992; Gray, Protein Sci. 211732-1748, 1993; 
and Patterson et al.,Anal. Chem. 6613727-3732, 1994). It is 
generally believed that if a modi?ed molecule does not have 
the same disul?de bonding 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 71205-214, 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 structural similarities 
betWeen proteins and polypeptides (Schaanan et al., Science 
2571961-964, 1992). 
[0081] A Hopp/Woods hydrophilicity pro?le of the my 
tor17 protein sequence as shoWn in SEQ ID NO12, SEQ ID 
NO146, SEQ ID NO154, SEQ ID NO157 and SEQ ID NO193 
can be generated (Hopp et al., Proc. Natl. Acad. Sci. 
7813824-3828, 1981; Hopp,J. Imman. Meth. 8811-18, 1986 
and Triquier et al., Protein Engineering 111153-169, 1998). 
See, FIG. 1. 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 Zcytor17, hydro 
philic regions include amino acid residues 43 through 48 of 
SEQ ID N012 and SEQ ID NO146 (residues 56 through 61 
of SEQ ID NO154), amino acid residues 157 through 162 of 
SEQ ID N012 and SEQ ID NO146 (residues 170 through 175 
of SEQ ID NO154), amino acid residues 158 through 163 of 
SEQ ID N012 and SEQ ID NO146 (residues 171 through 176 
of SEQ ID NO154), amino acid residues 221 through 226 of 
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SEQ ID N012 and SEQ ID NO:46 (residues 234 through 239 
of SEQ ID NO154), and amino acid residues 426 through 
431 of SEQ ID N012 and SEQ ID NO:46 (residues 439 
through 444 of SEQ ID NO154). 

[0082] 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 a 
Zcytor17 polypeptide, so as not to disrupt the overall struc 
tural and biological pro?le. Of particular interest for replace 
ment are hydrophobic residues selected from the group 
consisting of Val, Leu and He or the group consisting of Met, 
Gly, Ser, Ala, Tyr and Trp. For example, residues tolerant of 
substitution could include such residues as shoWn in SEQ ID 
NO12, SEQ ID NO:46, SEQ ID NO154, SEQ ID NO157 and 
SEQ ID NO193. HoWever, Cysteine residues Would be 
relatively intolerant of substitution. 

[0083] The identities of essential amino acids can also be 
inferred from analysis of sequence similarity betWeen class 
I cytokine receptor family members With Zcytor17. 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 Zcytor17 polynucleotide on the basis of structure is 
to determine Whether a nucleic acid molecule encoding a 
potential variant Zcytor17 polynucleotide can hybridiZe to a 
nucleic acid molecule having the nucleotide sequence of 
SEQ ID NO11, SEQ ID NO:45 or SEQ ID NO153, as 
discussed above. 

[0084] 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. NatlAcaa'. Sci. USA 
8814498 (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 mutant molecules are tested for biological 
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. 27114699 (1996). 

[0085] The present invention also includes functional 
fragments of Zcytor17 polypeptides and nucleic acid mol 
ecules encoding such functional fragments. A “functional” 
Zcytor17 or fragment thereof 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-Zcytor17 antibody or Zcytor17 
ligand (either soluble or immobiliZed). Moreover, functional 
fragments also include the signal peptide, intracellular sig 
naling domain, and the like. As previously described herein, 
Zcytor17 is characteriZed by a class I cytokine receptor 
structure. Thus, the present invention further provides fusion 
proteins encompassing: (a) polypeptide molecules compris 
ing an extracellular domain, cytokine-binding domain, or 
intracellular domain described herein; and (b) functional 
fragments comprising one or more of these domains. The 
other polypeptide portion of the fusion protein may be 
contributed by another class I cytokine receptor, for 
example, gp130, LIF, IL-12, WSX-1, IL-2 receptor [3-sub 

Sep. 29, 2005 

unit and the [3-common receptor (i.e., IL3, IL-5, and GM 
CSF receptor [3-subunits), or by a non-native and/or an 
unrelated secretory signal peptide that facilitates secretion of 
the fusion protein. 

[0086] Routine deletion analyses of nucleic acid mol 
ecules can be performed to obtain functional fragments of a 
nucleic acid molecule that encodes a Zcytor17 polypeptide. 
As an illustration, DNA molecules having the nucleotide 
sequence of SEQ ID NO11, SEQ ID NO145 or SEQ ID 
NO153 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 Zcytor17 activity, or for the ability to bind 
anti-Zcytor17 antibodies or Zcytor17 ligand. One alternative 
to exonuclease digestion is to use oligonucleotide-directed 
mutagenesis to introduce deletions or stop codons to specify 
production of a desired Zcytor17 fragment. Alternatively, 
particular fragments of a Zcytor17 polynucleotide can be 
synthesiZed using the polymerase chain reaction. 

[0087] Standard methods for identifying functional 
domains are Well-knoWn to those of skill in the art. For 
example, studies on the truncation at either or both termini 
of interferons have been summariZed by Horisberger and Di 
Marco, Pharmac. T her. 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 2-5A synthetase induced by human 
interferon,” in Biological Interferon Systems, Proceedings of 
ISIR-TNO Meeting on Interferon Systems, Cantell (ed.), 
pages 65-72 (Nijhoff 1987); Herschman, “The EGF Recep 
tor,” in Control ofAnimal Cell Proliferation 1, Boynton et 
al., (eds.) pages 169-199 (Academic Press 1985); Coumail 
leau et al.,]. Biol. Chem. 270129270 (1995); Fukunaga et al., 
J. Biol. Chem. 270125291 (1995); Yamaguchi et al., Bio 
chem. Pharmacol. 5011295 (1995); and Meisel et al., Plant 
Molec. Biol. 3011 (1996). 

[0088] 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 (Sci 
ence 241153-57, 1988) or BoWie and Sauer (Proc. Natl. 
Acad. Sci. USA 8612152-2156, 1989). Brie?y, these authors 
disclose methods for simultaneously randomiZing tWo or 
more positions in a polypeptide, selecting for functional 
polypeptide, and then sequencing the mutageniZed polypep 
tides 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. 30110832-10837, 
1991; Ladner et al., US. Pat. No. 5,223,409; Huse, WIPO 
Publication WO 92/062045) and region-directed mutagen 
esis (Derbyshire et al., Gene 461145, 1986; Ner et al., DNA 
71127, 1988). 
[0089] Variants of the disclosed Zcytor17 DNA and 
polypeptide sequences can be generated through DNA shuf 
?ing as disclosed by Stemmer, Nature 3701389-91, 1994, 
Stemmer,Proc. NatLAcaa'. Sci. USA 91110747-51, 1994 and 
WIPO Publication WO 97/20078. Brie?y, variant DNAs are 
generated by in vitro homologous recombination by random 
fragmentation of a parent DNA folloWed by reassembly 
using PCR, resulting in randomly introduced point muta 
tions. This technique can be modi?ed by using a family of 
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parent DNAs, such as allelic variants or DNAs from differ 
ent species, to introduce additional variability into the pro 
cess. Selection or screening for the desired activity, followed 
by additional iterations of mutagenesis and assay provides 
for rapid “evolution” of sequences by selecting for desirable 
mutations While simultaneously selecting against detrimen 
tal changes. 

[0090] Mutagenesis methods as disclosed herein can be 
combined With high-throughput, automated screening meth 
ods to detect activity of cloned, mutageniZed Zcytor17 
receptor polypeptides in host cells. Preferred assays in this 
regard include cell proliferation assays and biosensor-based 
ligand-binding assays, Which are described beloW. 
MutageniZed DNAmolecules that encode active receptors or 
portions thereof (e.g., ligand-binding fragments, signaling 
domains, and the like) 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. 

[0091] In addition, the proteins of the present invention (or 
polypeptide fragments thereof) can be joined to other bio 
active molecules, particularly cytokine receptors, to provide 
multi-functional molecules. For example, one or more 
domains from Zcytor17 soluble receptor can be joined to 
other cytokine soluble receptors to enhance their biological 
properties or efficiency of production. 

[0092] The present invention thus provides a series of 
novel, hybrid molecules in Which a segment comprising one 
or more of the domains of Zcytor17 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 pharmacodynamics. 
Such hybrid molecules may further comprise additional 
amino acid residues (eg a polypeptide linker) betWeen the 
component proteins or polypeptides. 

[0093] Using the methods discussed herein, one of ordi 
nary skill in the art can identify and/or prepare a variety of 
polypeptide fragments or variants of SEQ ID NO:2, SEQ ID 
NO:46, SEQ ID NO:54, SEQ ID NO:57 and SEQ ID NO:93 
that retain the signal transduction or ligand binding activity. 
For example, one can make a Zcytor17 “soluble receptor” by 
preparing a variety of polypeptides that are substantially 
homologous to the cytokine-binding domain (residues 20 
(Ala) to 227 (Pro) of SEQ ID NO:2 and SEQ ID NO:46; 
residues 33 (Ala) to 240 (Pro) of SEQ ID NO:54), the 
extracellular domain (residues 20 (Ala) to 519 (Glu) of SEQ 
ID NO:2 and SEQ ID NO:46; residues 33 (Ala) to 532 (Glu) 
of SEQ ID NO:2), or allelic variants or species orthologs 
thereof (e.g., see SEQ ID NO:57 and SEQ ID NO:93 and 
functional fragments thereof as described herein)) and retain 
ligand-binding activity of the Wild-type Zcytor17 protein. 
Moreover, variant Zcytor17 soluble receptors such as those 
shoWn in SEQ ID NO:18 and SEQ ID NO:22 can be 
isolated. Such polypeptides may include additional amino 
acids from, for example, part or all of the transmembrane 
and intracellular domains. Such polypeptides may also 
include additional polypeptide segments as generally dis 
closed herein such as labels, af?nity tags, and the like. 
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[0094] For any Zcytor17 polypeptide, including variants, 
soluble receptors, and fusion polypeptides or 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. 

[0095] The Zcytor17 polypeptides of the present invention, 
including full-length polypeptides, biologically active frag 
ments, and fusion polypeptides, can be produced in geneti 
cally engineered host cells according to conventional tech 
niques. 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. Eukaryotic cells, particularly cul 
tured cells of multicellular organisms, are preferred. Tech 
niques for manipulating cloned DNA molecules and intro 
ducing exogenous DNA into a variety of host cells are 
disclosed by Sambrook et al., Molecular Cloning: A Labo 
ratory Manual, 2nd ed., Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY, 1989, and Ausubel et al., 
eds., Current Protocols in Molecular Biology, John Wiley 
and Sons, Inc., NY, 1987. 

[0096] In general, a DNA sequence encoding a Zcytor17 
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 
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 
level of ordinary skill in the art. Many such elements are 
described in the literature and are available through com 
mercial suppliers. 

[0097] To direct a Zcytor17 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 Zcytor17, or may be derived 
from another secreted protein (e.g., t-PA) or synthesiZed de 
novo. The secretory signal sequence is operably linked to the 
Zcytor17 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 secretory 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). 

[0098] Alternatively, the secretory signal sequence con 
tained in the polypeptides of the present invention is used to 
direct other polypeptides into the secretory pathWay. The 
present invention provides for such fusion polypeptides. A 
signal fusion polypeptide can be made Wherein a secretory 
signal sequence derived from amino acid 1 (Met) to amino 
acid 19 (Ala) of SEQ ID NO:2 and SEQ ID NO:46, or 
Wherein a secretory signal sequence derived from amino 
acid 1 (Met) to amino acid 32 (Ala) of SEQ ID NO:54, or 
amino acid 1 (Met) to amino acid 45 (Ala) of SEQ ID NO:57 
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or SEQ ID NO193), or amino acid 28 (Met) to residue 45 
(Ala) of SEQ ID NO157 or SEQ ID NO193), is operably 
linked to another polypeptide using methods known in the 
art and disclosed herein. The secretory signal sequence 
contained in the fusion polypeptides of the present invention 
is preferably fused amino-terminally to an additional peptide 
to direct the additional peptide into the secretory pathWay. 
Such constructs have numerous applications knoWn in the 
art. For example, these novel secretory signal sequence 
fusion constructs can direct the secretion of an active 
component of a normally non-secreted protein. Such fusions 
may be used in vivo or in vitro to direct peptides through the 
secretory pathWay. 
[0099] 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 141725, 1978; 
Corsaro and Pearson, Somatic Cell Genetics 71603, 1981: 
Graham and Van der Eb, Virology 521456, 1973), electropo 
ration (Neumann et al., EMBO J. 11841-845, 1982), DEAE 
dextran mediated transfection (Ausubel et al., ibid.), and 
liposome-mediated transfection (HaWley-Nelson et al., 
Focus 15173, 1993; Ciccarone et al., Focus 15180, 1993, and 
viral vectors (Miller and Rosman, BioTechniques 71980-90, 
1989; Wang and Finer, Nature Med. 21714-716, 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. Virol. 36159-72, 1977) and Chinese 
hamster ovary (e.g. CHO-K1; ATCC No. CCL 61) cell lines. 
Additional suitable cell lines are knoWn in the art and 
available from public depositories such as the American 
Type Culture Collection, Rockville, Md. 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. 
[0100] 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. Apreferred 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 
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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. 

[0101] 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. (Ban alore) 11147-58, 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. Asecond method of 
making recombinant Zcytor17 baculovirus utiliZes a trans 
poson-based system described by LuckoW (LuckoW, Va., et 
al., J Virol 6714566-79, 1993). This system, Which utiliZes 
transfer vectors, is sold in the Bac-to-BacTM kit (Life Tech 
nologies, Rockville, Md.). This system utiliZes a transfer 
vector, pFastBaclTM (Life Technologies) containing a Tn7 
transposon to move the DNA encoding the Zcytor17 
polypeptide into a baculovirus genome maintained in E. coli 
as a large plasmid called a “bacmid.” See, Hill-Perkins, M. 
S. and Possee, R. D.,J Gen Virol 711971-6, 1990; Bonning, 
B. C. et al.,J Gen Virol 7511551-6, 1994; and, ChaZenbalk, 
G. D., and Rapoport, B.,JBiol Chem 27011543-9, 1995. 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 Zcytor17 polypeptide, for example, a Glu 
Glu epitope tag (Grussenmeyer, T. et al., Proc. Natl. Acad. 
Sci. 8217952-4, 1985). Using a technique knoWn in the art, 
a transfer vector containing Zcytor17 is transformed into E. 
Coli, and screened for bacmids Which contain an interrupted 
lacZ gene indicative of recombinant baculovirus. The bac 
mid DNA containing the recombinant baculovirus genome is 
isolated, using common techniques, and used to transfect 
Spodoptera frugiperda cells, e.g. Sf9 cells. Recombinant 
virus that expresses Zcytor17 is subsequently produced. 
Recombinant viral stocks are made by methods commonly 
used in the art. 

[0102] The recombinant virus is used to infect host cells, 
typically a cell line derived from the fall armyWorm, 
Spodoptera frugiperda. See, in general, Glick and Pasternak, 
Molecular Biotechnology: Principles and Applications of 
Recombinant DNA, ASM Press, Washington, D. C., 1994. 
Another suitable cell line is the High FiveOTM cell line 
(Invitrogen) derived from Trichoplusia ni (US. Pat. No. 
5,300,435). Commercially available serum-free media are 
used to groW and maintain the cells. Suitable media are 
Sf900 IITM (Life Technologies) or ESF 921TM (Expression 
Systems) for the Sf9 cells; and Ex-cellO405TM (JRH Bio 
sciences, Lenexa, Kans.) or Express FiveOTM (Life Tech 
nologies) for the T ni cells. Procedures used are generally 
described in available laboratory manuals (King, L. A. and 
Possee, R. D., ibid.; O’Reilly, D. R. et al., ibid.; Richardson, 














































































































































































