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(57) ABSTRACT 

Novel polypeptide combinations, polynucleotides encoding 
the polypeptides, and related compositions and methods are 
disclosed for Zcytor17-containing multimeric or heterodimer 
cytokine receptors that may be used as novel cytokine antago 
nists, and Within methods for detecting ligands that stimulate 
the proliferation and/or development of hematopoietic, lym 
phoid and myeloid cells in vitro and in vivo. The present 
invention also includes methods for producing the multimeric 
or heterodimeric cytokine receptor, uses therefor and anti 
bodies thereto. 
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CYTOKINE RECEPTOR ZCYTOR17 
MULTIMERS 

[0001] The present application is a continuation of US. 
patent application Ser. No. 11/553,835, ?led Oct. 27, 2006, 
Which is a divisional of US. patent application Ser. No. 
10/351,157, ?led Jan. 21, 2003, Which claims the bene?t of 
US. Patent Application Ser. No. 60/435,361, ?led Dec. 19, 
2002, US. Patent Application Ser. No. 60/389,108, ?led Jun. 
14, 2002, and US. Patent Application Ser. No. 60/350,325, 
?led Jan. 18, 2002, all of Which are herein incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] Proliferation and differentiation of cells of multicel 
lular organisms are controlled by hormones and polypeptide 
growth factors. These diffusable molecules alloW cells to 
communicate With each other and act in concert to form cells, 
tissues and organs, and to repair damaged tissue. Examples of 
hormones and groWth factors include the steroid hormones 
(e.g., estrogen, testosterone), parathyroid hormone, follicle 
stimulating hormone, the interleukins, platelet derived 
groWth factor (PDGF), epidermal groWth factor (EGF), 
granulocyte-macrophage colony stimulating factor (GM 
CSF), erythropoietin (EPO) and calcitonin. 
[0003] Hormones and groWth factors in?uence cellular 
metabolism by binding to receptors. Receptors may be inte 
gral membrane proteins that are linked to signaling pathWays 
Within the cell, such as second messenger systems. Other 
classes of receptors are soluble molecules, such as the tran 
scription factors. 
[0004] Cytokines generally stimulate proliferation or dif 
ferentiation of cells of the hematopoietic lineage or partici 
pate in the immune and in?ammatory response mechanisms 
of the body. Examples of cytokines Which affect hematopoie 
sis are erythropoietin (EPO), Which stimulates the develop 
ment of red blood cells; thrombopoietin (TPO), Which stimu 
lates development of cells of the megakaryocyte lineage; and 
granulocyte-colony stimulating factor (G-CSF), Which 
stimulates development of neutrophils. These cytokines are 
useful in restoring normal blood cell levels in patients suffer 
ing from anemia, thrombocytopenia, and neutropenia or 
receiving chemotherapy for cancer. 
[0005] The interleukins are a family of cytokines that medi 
ate immunological responses, including in?ammation. The 
interleukins mediate a variety of in?ammatory pathologies. 
Central to an immune response are T cells, Which produce 
many cytokines and adaptive immunity to antigens. Cytok 
ines produced by T cells have been classi?ed as type 1 and 
type 2 (Kelso, A. Immun. CellBiol. 76:300-317, 1998). Type 
1 cytokines include IL-2, IFN-y, LT-ot, and are involved in 
in?ammatory responses, viral immunity, intracellular para 
site immunity and allograft rejection. Type 2 cytokines 
include IL-4, IL-5, IL-6, IL-10 and IL-13, and are involved in 
humoral responses, helminth immunity and allergic response. 
Shared cytokines betWeen Type 1 and 2 include IL-3, GM 
CSF and TNF-ot. There is some evidence to suggest that Type 
1 and Type 2 producing T cell populations preferentially 
migrate into different types of in?amed tissue. 
[0006] Mature T cells may be activated, i.e., by an antigen 
or other stimulus, to produce, for example, cytokines, bio 
chemical signaling molecules, or receptors that further in?u 
ence the fate of the T cell population. 
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[0007] B cells can be activated via receptors on their cell 
surface including B cell receptor and other accessory mol 
ecules to perform accessory cell functions, such as production 
of cytokines. 
[0008] Monocytes/macrophages and T-cells can be acti 
vated by receptors on their cell surface and play a central role 
in the immune response by presenting antigen to lymphocytes 
and also act as accessory cells to lymphocytes by secreting 
numerous cytokines. 
[0009] Natural killer (NK) cells have a common progenitor 
cell With T cells and B cells, and play a role in immune 
surveillance. NK cells, Which comprise up to 15% of blood 
lymphocytes, do not express antigen receptors, and therefore 
do not use MHC recognition as requirement for binding to a 
target cell. NK cells are involved in the recognition and killing 
of certain tumor cells and virally infected cells. In vivo, NK 
cells are believed to require activation, hoWever, in vitro, NK 
cells have been shoWn to kill some types of tumor cells 
Without activation. 
[0010] The demonstrated in vivo activities of these cytok 
ines illustrate the enormous clinical potential of, and need for, 
other cytokines, cytokine agonists, and cytokine antagonists 
or binding partners. The present invention addresses these 
needs by providing a neW hematopoietic multimeric cytokine 
receptor, as Well as related compositions and methods. 
[0011] The present invention provides such polypeptides 
for these and other uses that should be apparent to those 
skilled in the art from the teachings herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is an illustration of a multiple alignment of 
human Zcytor17lig (SEQ ID NO:2) (Zcytor17lig), and mouse 
Zcytor17lig (SEQ ID NO: 1 1) (mZcytor17lig), mouse IL-3 
(mIL-3) (SEQ ID NO: 100), and human IL-3 (hIL-3) (SEQ ID 
NO:102). 
[0013] FIG. 2 is an illustration of a multiple alignment of 
human Zcytor17lig (SEQ ID NO:2) (Zcytor17lig), and mouse 
Zcytor17lig (SEQ ID NO:11) (mZcytor17lig). 
[0014] FIG. 3 is a Hopp/Woods hydrophilicity plot of 
human Zcytor17lig (SEQ ID NO:2). 
[0015] FIG. 4 is a multiple alignment of Zcytor17 poly 
nucleotide sequences SEQ ID NO:109, SEQ ID NO: 1 13, 
SEQ ID NO:5, SEQ ID NO:111, and SEQ ID NO:115. 
[0016] FIG. 5 is an alignment of human Zcytor17 (ZCY 
TOR) (SEQ ID NO:5) and mouse Zcytor17 (M17R-O) (SEQ 
ID NO:117). BetWeen the tWo sequences, identical residues 
(:), Conserved residues (.) and gaps (-) are indicated. 

SUMMARY OF THE INVENTION 

[0017] The present invention provides an isolated multim 
eric or heterodimeric cytokine receptor comprising at least 
one polypeptide having at least 90 percent sequence identity 
With SEQ ID NO: 1 11 or SEQ ID NO: 109; and Wherein the 
multimeric or heterodimeric cytokine receptor binds a ligand 
comprising SEQ ID NO:2. Optionally, the isolated multim 
eric or heterodimeric cytokine receptor may further comprise 
a cytokine-binding domain of a class I cytokine receptor. The 
cytokine-binding domain of the class I cytokine receptor may 
comprise amino acid residue 28 to amino acid residue 429 of 
SEQ ID NO:7, amino acid residue 28 to amino acid residue 
739 of SEQ ID NO:7, amino acid residue 1 to amino acid 
residue 429 of SEQ ID NO:7, amino acid residue 1 to amino 
acid residue 739 of SEQ ID NO:7, amino acid residue 1 to 
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amino acid residue 761 of SEQ ID N017, amino acid residue 
28 to amino acid residue 761 of SEQ ID N017, amino acid 
residue 28 to amino acid residue 979 of SEQ ID N017, or 
amino acid residue 1 to amino acid residue 979 of SEQ ID 
N017. The isolated multimeric or heterodimeric cytokine 
receptor may antagonize an activity of SEQ ID N012. The 
isolated multimeric or heterodimeric cytokine receptor may 
inhibit proliferation of hematopoietic cells, inhibit prolifera 
tion of immune cells, inhibit proliferation of in?ammatory 
cells, inhibit an immune response, inhibit an in?ammatory 
response, or inhibit proliferation of tumor cells of epithelial 
origin. The isolated multimeric or heterodimeric cytokine 
receptor may be soluble. The isolated multimeric or het 
erodimeric cytokine receptor may further comprises an a?in 
ity tag, such as, for instance, polyhistidine, protein A, glu 
tathione S transferase, Glu-Glu, substance P, FlagTM peptide, 
streptavidin binding peptide, and immunoglobulin F6 
polypeptide, or cytotoxic molecule, such as, for instance, a 
toxin or radionuclide. The isolated multimeric or het 
erodimeric cytokine receptor Wherein the polypeptide having 
at least 90 percent identity With SEQ ID N01111 may com 
prise amino acid residue 20 to amino acid residue 227 of SEQ 
ID N011 11, amino acid residue 20 to amino acid residue 519 
of SEQ ID N0111, amino acid residue 20 to amino acid 
residue 543 of SEQ ID N01111, amino acid residue 20 to 
amino acid residue 732 of SEQ ID N01111, amino acid 
residue 1 to amino acid residue 227, amino acid residue 1 to 
amino acid residue 519, amino acid residue 1 to amino acid 
residue 543, or amino acid residue 1 to amino acid residue 
732. The isolated multimeric or heterodimeric cytokine 
receptor Wherein the polypeptide having at least 90 percent 
identity With SEQ ID N01109 may comprise amino acid 
residue 1 to amino acid residue 649 of SEQ ID N01109, or 
amino acid residue 20 to amino acid residue 649 of SEQ ID 
N01109. 

[0018] The present invention also provides an isolated mul 
timeric or heterodimeric cytokine receptor comprising at 
least one polypeptide comprising amino acid residue 20 to 
amino acid residue 227 of SEQ ID N01111. The at least one 
polypeptide may comprise amino acidresidue 1 to amino acid 
residue 227 of SEQ ID N01111, amino acid residue 20 to 
amino acid residue 519 of SEQ ID N01111, amino acid 
residue 1 to amino acid residue 519 of SEQ ID N01111, 
amino acid residue 1 to amino acid residue 543 of SEQ ID 
N01111, amino acid residue 20 to amino acid residue 543 of 
SEQ ID N01111, amino acid residue 1 to amino acid residue 
732 of SEQ ID N01111, or amino acid residue 20 to amino 
acid residue 732 of SEQ ID N01111. The isolated multimeric 
or heterodimeric cytokine receptor may further comprise a 
cytokine-binding domain of a class I cytokine receptor, for 
instance, amino acid residue 28 to amino acid residue 429 of 
SEQ ID N017, amino acid residue 1 to amino acidresidue 429 
of SEQ ID N017, amino acid residue 28 to amino acid residue 
739 of SEQ ID N017, amino acid residue 1 to amino acid 
residue 739 of SEQ ID N017, amino acid residue 28 to amino 
acid residue 761 of SEQ ID N017, amino acid residue 1 to 
amino acid residue 761 of SEQ ID N017, amino acid residue 
28 to amino acid residue 979 of SEQ ID N017, or amino acid 
residue 1 to amino acid residue 979 of SEQ ID N017. The 
isolated multimeric or heterodimeric cytokine receptor may 
antagoniZe an activity of a ligand comprising SEQ ID N012. 
The isolated multimeric or heterodimeric cytokine receptor 
may inhibit proliferation of hematopoietic cells, inhibit pro 
liferation of immune cells, inhibit proliferation of in?amma 
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tory cells, inhibit an immune response, inhibit an in?amma 
tory response, or inhibit proliferation of tumor cells of 
epithelial origin. Optionally, the isolated multimeric or het 
erodimeric cytokine receptor may be is soluble. The isolated 
multimeric or heterodimeric cytokine receptor may further 
comprise an a?inity tag, such as, for instance, polyhistidine, 
protein A, glutathione S transferase, Glu-Glu, substance P, 
FlagTM peptide, streptavidin binding peptide, and immuno 
globulin Fc polypeptide, or cytotoxic molecule, such as, for 
instance, a toxin or radionuclide. 

[0019] The present invention also provides a soluble mul 
timeric or heterodimeric cytokine receptor comprising amino 
acid residue 20 to amino acid residue 227 of SEQ ID N01111 
and amino acid residue 28 to amino acid residue 429 of SEQ 
ID N017. 

[0020] The present invention also provides an isolated 
polynucleotide that encodes a cytokine receptor polypeptide 
comprising an amino acid sequence having at least 90 percent 
sequence identity With SEQ ID N01111 or SEQ ID N01109, 
Wherein the cytokine receptor polypeptide forms a multim 
eric or heterodimeric cytokine receptor, and Wherein the mul 
timeric or heterodimeric cytokine receptor binds a ligand 
comprising SEQ ID N012. The multimeric or heterodimeric 
cytokine receptor may further comprise a cytokine-binding 
domain of a class I cytokine receptor, such as, for instance, 
amino acid residue 28 to amino acid residue 429 of SEQ ID 
N017, amino acid residue 28 to amino acid residue 739 of 
SEQ ID N017, amino acid residue 1 to amino acidresidue 429 
of SEQ ID N017, amino acid residue 1 to amino acid residue 
739 of SEQ ID N017, amino acid residue 1 to amino acid 
residue 761 of SEQ ID N017, amino acid residue 28 to amino 
acid residue 761 of SEQ ID N017, amino acid residue 28 to 
amino acid residue 979 of SEQ ID N017, or amino acid 
residue 1 to amino acid residue 979 of SEQ ID N017. The 
multimeric or heterodimeric cytokine receptor may antago 
niZe an activity of SEQ ID N012. The multimeric or het 
erodimeric cytokine receptor may inhibit proliferation of 
hematopoietic cells, inhibit proliferation of immune cells, 
inhibit proliferation of in?ammatory cells, inhibit an immune 
response, inhibit an in?ammatory response, or inhibit prolif 
eration of tumor cells of epithelial origin. Optionally, the 
multimeric or heterodimeric cytokine receptor may be 
soluble. The multimeric or heterodimeric cytokine receptor 
may further comprise an af?nity tag, such as, for instance, 
polyhistidine, protein A, glutathione S transferase, Glu-Glu, 
sub stance P, FlagTM peptide, streptavidin binding peptide, and 
immunoglobulin F6 polypeptide, or cytotoxic molecule, such 
as, for instance, a toxin or radionuclide. The encoded cytokine 
receptor polypeptide having at least 90 percent identity With 
SEQ ID N01111 may comprise amino acid residue 20 to 
amino acid residue 227 of SEQ ID N01111, amino acid 
residue 20 to amino acid residue 519 of SEQ ID N01111, 
amino acid residue 20 to amino acid residue 543 of SEQ ID 
N01111, amino acid residue 20 to amino acid residue 732 of 
SEQ ID N01111, amino acid residue 1 to amino acid residue 
227 of SEQ ID N01111, amino acid residue 1 to amino acid 
residue 519 of SEQ ID N01111, amino acid residue 1 to 
amino acid residue 543 of SEQ ID N01111, or amino acid 
residue 1 to amino acid residue 732 of SEQ ID N01111. The 
encoded cytokine receptor polypeptide having at least 90 
percent identity With SEQ ID N01109 may comprise amino 
acid residue 1 to amino acid residue 649 of SEQ ID N01109, 
or amino acid residue 20 to amino acid residue 649 of SEQ ID 
N01109. 
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[0021] The present invention also provides an isolated 
polynucleotide that encodes a cytokine receptor polypeptide 
comprising amino acid residue 20 to amino acid residue 227 
of SEQ ID N01111, Wherein the cytokine receptor polypep 
tide forms a multimeric or heterodimeric cytokine receptor. 
The cytokine receptor polypeptide may comprise amino acid 
residue 1 to amino acid residue 227 of SEQ ID N01111, 
amino acid residue 20 to amino acid residue 519 of SEQ ID 
N01111, amino acid residue 1 to amino acid residue 519 of 
SEQ ID N01111, amino acid residue 1 to amino acid residue 
543 of SEQ ID N01111, amino acid residue 20 to amino acid 
residue 543 of SEQ ID N01111, amino acid residue 1 to 
amino acid residue 732 of SEQ ID N01111, or amino acid 
residue 20 to amino acid residue 732 ofSEQ ID N011 1 1. The 
multimeric or heterodimeric cytokine receptor may further 
comprise a cytokine-binding domain of a class I cytokine 
receptor, such as, for instance, amino acidresidue 28 to amino 
acid residue 429 of SEQ ID N017, amino acid residue 1 to 
amino acid residue 429 of SEQ ID N017, amino acid residue 
28 to amino acid residue 739 of SEQ ID N017, amino acid 
residue 1 to amino acid residue 739 of SEQ ID N017, amino 
acid residue 28 to amino acid residue 761 of SEQ ID N017, 
amino acid residue 1 to amino acid residue 761 of SEQ ID 
N017, amino acid residue 28 to amino acid residue 979 of 
SEQ ID N017, or amino acid residue 1 to amino acid residue 
979 of SEQ ID N017. The multimeric or heterodimeric cytok 
ine receptor may antagonize an activity of a ligand compris 
ing SEQ ID N012. The multimeric or heterodimeric cytokine 
receptor may inhibit proliferation of hematopoietic cells, 
inhibit proliferation of immune cells, inhibit proliferation of 
in?ammatory cells, inhibit an immune response, inhibit an 
in?ammatory response, or inhibit proliferation of tumor cells 
of epithelial origin. Optionally, the multimeric or het 
erodimeric cytokine receptor may be soluble. The multimeric 
or heterodimeric cytokine receptor may further comprise an 
a?inity tag or cytotoxic molecule as described herein. 

[0022] The present invention also provides an expression 
vector that comprises the folloWing operably linked elements: 
a transcription promoter; a DNA segment encoding a cytok 
ine receptor polypeptide having at least 90 percent sequence 
identity With SEQ ID N01 1 1 1 ; and a transcription terminator; 
Wherein the cytokine receptor polypeptide forms a multim 
eric or heterodimeric cytokine receptor, and Wherein the mul 
timeric or heterodimeric cytokine receptor binds a ligand 
comprising SEQ ID N012. 
[0023] Alternatively, the present invention also provides an 
expression vector that comprises the folloWing operably 
linked elements: a) a ?rst transcription promoter; a ?rst DNA 
segment encoding a cytokine receptor polypeptide having at 
least 90 percent sequence identity With SEQ ID N011 11; and 
a ?rst transcription terminator; and b) a second transcription 
promoter; a second DNA segment encoding a cytokine-bind 
ing domain of a class I cytokine receptor; and a second tran 
scription terminator; Wherein the cytokine receptor polypep 
tide and the class I cytokine receptor form a multimeric or 
heterodimeric cytokine receptor; and Wherein the multimeric 
or heterodimeric cytokine receptor binds to a ligand compris 
ing SEQ ID N012. 
[0024] Alternatively, the present invention also provides an 
expression vector that comprises the folloWing operably 
linked elements: a) a ?rst transcription promoter; a ?rst DNA 
segment encoding a polypeptide having at least 90 percent 
sequence identity With SEQ ID NO: 1 1 1 ; and a ?rst transcrip 
tion terminator; and b) a second transcription promoter; a 
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second DNA segment encoding at least a portion of a class I 
cytokine receptor; and a second transcription terminator; 
Wherein the polypeptide and the class I cytokine receptor 
form a multimeric cytokine receptor; and Wherein the multi 
meric cytokine receptor binds to at least a portion of SEQ ID 
N012. 

[0025] The expression vectors of the present invention may 
further include a secretory signal sequence linked to the ?rst 
and second DNA segments. The multimeric or heterodimeric 
cytokine receptor may be soluble, membrane-bound, or 
attached to a solid support. The multimeric or heterodimeric 
cytokine receptor may antagoniZe an activity of a ligand 
comprising SEQ ID N012. The multimeric or heterodimeric 
cytokine receptor may inhibit proliferation of hematopoietic 
cells, inhibit proliferation of immune cells, inhibit prolifera 
tion of in?ammatory cells, inhibit an immune response, 
inhibit an in?ammatory response, or inhibit proliferation of 
tumor cells of epithelial origin. Optionally, the multimeric or 
heterodimeric cytokine receptor may be soluble. The multi 
meric or heterodimeric cytokine receptor may further com 
prise an af?nity tag or cytotoxic molecule as described herein. 
[0026] The present invention also provides a cultured cell 
including an expression vector as discribed herein, Wherein 
the cell expresses the polypeptide or polypeptides encoded by 
the DNA segment or segments. The cell may secrete the 
multimeric or heterodimeric cytokine receptor. The multim 
eric cytokine receptor may bind and/ or antagoniZe an activity 
of SEQ ID N012 as further described herein. 

[0027] The present invention also provides a cultured cell 
Which includes a ?rst expression vector comprising: a) a 
transcription promoter; b) a DNA segment encoding a cytok 
ine receptor polypeptide having at least 90 percent sequence 
identity With SEQ ID N01111; and c) a transcription termi 
nator; and a second expression vector comprising: a) a tran 
scription promoter; b) a DNA segment encoding a cytokine 
binding domain of a class I cytokine receptor; and c) a 
transcription terminator; Wherein the cytokine receptor 
polypeptide and the class I cytokine receptor form a multim 
eric or heterodimeric cytokine receptor, and Wherein the mul 
timeric or heterodimeric cytokine receptor binds to a ligand 
that comprises SEQ ID N012. The ?rst and second expression 
vectors may include a secretory signal sequence operably 
linked to the ?rst and second DNA segments. The cultured 
cell may further comprise a third expression vector Which 
includes a) a transcription promoter; b) a DNA segment 
encoding a cytokine-binding domain of a second class I 
cytokine receptor; and c) a transcription terminator; Wherein 
the cytokine receptor polypeptide, the ?rst class I cytokine 
receptor, and the second class I cytokine receptor form a 
multimeric cytokine receptor. The cytokine-binding domain 
of a class I cytokine receptor may be of SEQ ID N017 and/or 
SEQ ID N019. Optionally, the multimeric or heterodimeric 
cytokine receptor may be soluble. The multimeric or het 
erodimeric cytokine receptor may further include an a?inity 
tag as described herein. The multimeric or heterodimeric 
cytokine receptor may bind to at least a portion of SEQ ID 
N012 and/or antagoniZe an activity of SEQ ID N012 as 
described herein. 

[0028] The present invention also provides a method of 
producing an antibody to a multimeric or heterodimeric 
cytokine receptor comprising amino acid residue 20 to amino 
acid residue 227 of SEQ ID N01111 and a cytokine-binding 
domain of a class I cytokine receptor. The method includes 
inoculating an animal With the multimeric or heterodimeric 
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cytokine receptor, wherein the multimeric or heterodimeric 
cytokine receptor elicits an immune response in the animal to 
produce an antibody that speci?cally binds the multimeric or 
heterodimeric cytokine receptor; and isolating the antibody 
from the animal. The antibody may optionally be a mono 
clonal antibody. The antibody may optionally be a neutraliZ 
ing antibody. The antibody may speci?cally bind to a multi 
meric or heterodimeric cytokine receptor as described herein. 

[0029] The present invention also provides a composition 
Which includes an effective amount of a soluble multimeric or 

heterodimeric cytokine receptor comprising amino acid resi 
due 20 to amino acid residue 227 of SEQ ID NO: 1 11 and a 
cytokine-binding domain of a class I cytokine receptor; and a 
pharmaceutically acceptable vehicle. The binding domain of 
the class I cytokine receptor may include amino acid residue 
28 to amino acid residue 429 of SEQ ID N017. The soluble 
multimeric or heterodimeric cytokine receptor may bind to a 
ligand comprising SEQ ID NO:2. The soluble multimeric or 
heterodimeric cytokine receptor may further include an a?in 
ity tag or cytotoxic molecule as described herein. The com 
position may antagoniZe an activity of a ligand comprising 
SEQ ID NO:2. The composition may inhibit proliferation of 
hematopoietic cells, inhibit proliferation of immune cells, 
inhibit proliferation of in?ammatory cells, inhibit an immune 
response, inhibit an in?ammatory response, or inhibit prolif 
eration of tumor cells of epithelial origin 

[0030] The present invention also provides a method of 
producing a multimeric or heterodimeric cytokine receptor 
comprising culturing a cell as described herein, and isolating 
the multimeric or heterodimeric cytokine receptor produced 
by the cell. 
[0031] The present invention also provides an immune cell 
inhibiting composition Which includes an effective amount of 
a soluble multimeric or heterodimeric cytokine receptor com 
prising amino acid residue 20 to amino acid residue 227 of 
SEQ ID NO: 111 and a cytokine-binding domain of a class I 
cytokine receptor; and a pharmaceutically acceptable 
vehicle; Wherein the soluble multimeric or heterodimeric 
cytokine receptor inhibits the proliferation of immune cells. 
[0032] The present invention also provides an immune 
response inhibiting composition Which includes an effective 
amount of a soluble multimeric or heterodimeric cytokine 
receptor comprising amino acid residue 20 to amino acid 
residue 227 of SEQ ID NO: 111 and a cytokine-binding 
domain of a class I cytokine receptor; and a pharmaceutically 
acceptable vehicle; Wherein the soluble multimeric or het 
erodimeric cytokine receptor inhibits an immune response. 

[0033] The present invention also provides an in?amma 
tory cell inhibiting composition Which includes an effective 
amount of a soluble multimeric or heterodimeric cytokine 
receptor comprising amino acid residue 20 to amino acid 
residue 227 of SEQ ID NO:1 11 and a cytokine-binding 
domain of a class I cytokine receptor; and a pharmaceutically 
acceptable vehicle; Wherein the soluble multimeric or het 
erodimeric cytokine receptor inhibits the proliferation of 
in?ammatory cells. 
[0034] The present invention also provides an in?amma 
tory response inhibiting composition Which includes an 
effective amount of a soluble multimeric or heterodimeric 
cytokine receptor comprising amino acid residue 20 to amino 
acid residue 227 of SEQ ID NO:1 11 and a cytokine-binding 
domain of a class I cytokine receptor; and a pharmaceutically 

Nov. 5, 2009 

acceptable vehicle; Wherein the soluble multimeric or het 
erodimeric cytokine receptor inhibits an in?ammatory 
response. 
[0035] The present invention also provides a method of 
inhibiting an immune response in a mammal exposed to an 
antigen or pathogen. The method includes (a) determining 
directly or indirectly the level of antigen or pathogen present 
in the mammal; (b) administering a composition comprising 
a soluble multimeric or heterodimeric cytokine receptor in a 
pharmaceutically acceptable vehicle; (c) determining directly 
or indirectly the level of antigen or pathogen in the mammal; 
and (d) comparing the level of the antigen or pathogen in step 
(a) to the antigen or pathogen level in step (c), Wherein a 
change in the level is indicative of inhibiting an immune 
response. The method may further comprise (e) re-adminis 
tering a composition comprising a multimeric cytokine 
receptor in a pharmaceutically acceptable vehicle; (f) deter 
mining directly or indirectly the level of antigen or pathogen 
in the mammal; and (g) comparing the number of the antigen 
or pathogen level in step (a) to the antigen level in step (f), 
Wherein a change in the level is indicative of inhibiting an 
immune response. 
[0036] The present invention also provides a method for 
reducing hematopoietic cells and/or hematopoietic progeni 
tors cells in a mammal. The method includes culturing bone 
marroW or peripheral blood cells With a composition com 
prising an effective amount of a soluble multimeric or het 
erodimeric cytokine receptor to produce a decrease in the 
number of lymphoid cells in the bone marroW or peripheral 
blood cells as compared to bone marroW or peripheral blood 
cells cultured in the absence of the multimeric cytokine recep 
tor. The hematopoietic cells and hematopoietic cell progeni 
tors may be lymphoid, Which can be monocytic cells, mac 
rophages, or T cells. 
[0037] The present invention also provides a method of 
detecting the presence of a multimeric or heterodimeric 
cytokine receptor in a biological sample. The method 
includes contacting the biological sample With an antibody, or 
an antibody fragment, as described herein, Wherein the con 
tacting is performed under conditions that alloW the binding 
of the antibody or antibody fragment to the biological sample; 
and detecting any of the bound antibody or bound antibody 
fragment. 
[0038] The present invention also provides a method of a 
method of killing cancer cells. The method includes obtaining 
ex vivo a tissue or biological sample containing cancer cells 
from a patient, or identifying cancer cells in vivo; producing 
a multimeric or heterodimeric cytokine receptor by a method 
as described herein; formulating the multimeric or het 
erodimeric cytokine receptor in a pharmaceutically accept 
able vehicle; and administering to the patient or exposing the 
cancer cells to the multimeric or heterodimeric cytokine 
receptor formulation; Wherein the multimeric or het 
erodimeric cytokine receptor kills the cells. The multimeric 
or heterodimeric cytokine receptor may be further conjugated 
to a toxin. 

[0039] The present invention also provides an antibody that 
speci?cally binds to a multimeric or heterodimeric cytokine 
receptor as described herein. The antibody may be a poly 
clonal antibody, a murine monoclonal antibody, a humanized 
antibody derived from a murine monoclonal antibody, an 
antibody fragment, a neutraliZing antibody, or a human 
monoclonal antibody. The antibody or antibody fragment 
may speci?cally bind to a multimeric or heterodimeric cytok 
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ine receptor of the present invention Which may comprise a 
cytokine receptor polypeptide comprising amino acid residue 
20 to amino acid residue 227 of SEQ ID NO:1 11 and a 
cytokine-binding domain of a class I cytokine receptor. The 
antibody may further include a radionuclide, enzyme, sub 
strate, cofactor, ?uorescent marker, chemiluminescent 
marker, peptide tag, magnetic particle, drug, or toxin. 
[0040] The present invention also provides a method for 
inhibiting Zcytorl7lig-induced proliferation or differentia 
tion of hematopoietic cells and hematopoietic progenitor 
cells. The method includes culturing bone marroW or periph 
eral blood cells With a composition comprising an amount of 
a soluble multimeric or heterodimeric cytokine receptor com 
prising a cytokine receptor polypeptide comprising amino 
acid residue 20 to amino acid residue 227 of SEQ ID NO:1 11 
and a cytokine-binding domain of a class I cytokine receptor 
suf?cient to reduce proliferation or differentiation of the 
hematopoietic cells in the bone marroW or peripheral blood 
cells as compared to bone marroW or peripheral blood cells 
cultured in the absence of the soluble multimeric or het 
erodimeric cytokine receptor. The hematopoietic cells and 
hematopoietic progenitor cells may be lymphoid cells, such 
as macrophages or T cells. 

[0041] The present invention also provides a method of 
reducing Zcytorl 7lig-induced induced in?ammation. The 
method includes administering to a mammal With in?amma 
tion an amount of a composition comprising amino acid resi 
due 20 to amino acid residue 227 of SEQ ID NO: 1 11 and a 
cytokine-binding domain of a class I cytokine receptor su?i 
cient to reduce in?ammation. 

[0042] The present invention also provides a method of 
suppressing an in?ammatory response in a mammal With 
in?ammation. The method includes (1) determining a level of 
an in?ammatory molecule; (2) administering a composition 
comprising amino acid residue 20 to amino acid residue 227 
of SEQ ID NO:1 l l and a cytokine-binding domain of a class 
I cytokine receptor in a pharmaceutically acceptable vehicle; 
(3) determining a post administration level of the in?amma 
tory molecule; (4) comparing the level of the in?ammatory 
molecule in step (1) to the level of the in?ammatory molecule 
in step (3), Wherein a lack of increase or a decrease the 
in?ammatory molecule level is indicative of suppressing an 
in?ammatory response. 
[0043] The present invention also provides a method for 
inhibiting Zcytorl 7lig-induced proliferation or differentia 
tion of hematopoietic cells and hematopoietic progenitor 
cells. The method includes culturing bone marroW or periph 
eral blood cells With a composition comprising amino acid 
residue 20 to amino acid residue 227 of SEQ ID NO:1 11 and 
a cytokine-binding domain of a class I cytokine receptor in a 
pharmaceutically acceptable vehicle suf?cient to reduce pro 
liferation or differentiation of the hematopoietic cells in the 
bone marroW or peripheral blood cells as compared to bone 
marroW or peripheral blood cells cultured in the absence of 
soluble multimeric or heterodimeric cytokine receptor. The 
hematopoietic cells and hematopoietic progenitor cells may 
be lymphoid cells, such as macrophages or T cells. 
[0044] The present invention also provides a method of 
reducing Zcytorl 7lig-induced induced in?ammation. The 
method includes administering to a mammal With in?amma 
tion an amount of a composition comprising amino acid resi 
due 20 to amino acid residue 227 of SEQ ID NO: 1 11 and a 
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cytokine-binding domain of a class I cytokine receptor in a 
pharmaceutically acceptable vehicle suf?cient to reduce 
in?ammation. 

[0045] The present invention also provides a method of 
suppressing an in?ammatory response in a mammal With 
in?ammation. The method includes (1) determining a level of 
an in?ammatory molecule; (2) administering a composition 
comprising a multimeric or heterodimeric cytokine receptor 
Which comprises amino acid residue 20 to amino acid residue 
227 of SEQ ID NOzlll in a pharmaceutically acceptable 
vehicle; (3) determining a post administration level of the 
in?ammatory molecule; (4) comparing the level of the 
in?ammatory molecule in step (1) to the level of the in?am 
matory molecule in step (3), Wherein a lack of increase or a 
decrease in the in?ammatory molecule level is indicative of 
suppressing an in?ammatory response. 

[0046] The present invention also provides a method of 
treating a mammal af?icted With an in?ammatory disease in 
Which Zcytorl 7lig plays a role. The method includes admin 
istering an antagonist of Zcytorl 7lig to the mammal such that 
the in?ammation is reduced, Wherein the antagonist is a 
soluble multimeric or heterodimeric cytokine receptor com 
prising amino acid residue 20 to amino acid residue 227 of 
SEQ ID N011 11 and a cytokine-binding domain of a class I 
cytokine receptor in a pharmaceutically acceptable vehicle. 
The in?ammatory disease may be a chronic in?ammatory 
disease, such as, for instance, in?ammatory boWel disease, 
ulcerative colitis, Crohn’s disease, atopic dermatitis, ecZema, 
or psoriasis. The in?ammatory disease may be an acute 
in?ammatory disease, such as, for instance, endotoxemia, 
septicemia, toxic shock syndrome, or infectious disease. 
Optionally, the soluble multimeric or heterodimeric cytokine 
receptor may further comprise a radionuclide, enzyme, sub 
strate, cofactor, ?uorescent marker, chemiluminescent 
marker, peptide tag, magnetic particle, drug, or toxin. 
[0047] The present invention also provides a method for 
detecting in?ammation in a patient. The method includes 
obtaining a tissue or biological sample from a patient; incu 
bating the tissue or biological sample With a soluble multim 
eric or heterodimeric cytokine receptor comprising amino 
acid residue 20 to amino acid residue 227 of SEQ ID NO:1 11 
and a cytokine-binding domain of a class I cytokine receptor 
under conditions Wherein the soluble multimeric or het 
erodimeric cytokine receptor binds to its complementary 
polypeptide in the tissue or biological sample; visualiZing the 
soluble multimeric or heterodimeric cytokine receptor bound 
in the tissue or biological sample; and comparing levels of 
soluble multimeric or heterodimeric cytokine receptor bound 
in the tissue or biological sample from the patient to a normal 
control tissue or biological sample, Wherein an increase in the 
level of soluble multimeric or heterodimeric cytokine recep 
tor bound to the patient tissue or biological sample relative to 
the normal control tissue or biological sample is indicative of 
in?ammation in the patient. 

[0048] The present invention also provides a method for 
detecting a multiple cytokine receptor ligand from a test 
sample. The method includes contacting the test sample With 
a multimeric or heterodimeric cytokine receptor comprising a 
cytokine receptor polypeptide comprising amino acid residue 
20 to amino acid residue 227 of SEQ ID NOzlll and a 
cytokine-binding domain of a class I cytokine receptor; and 
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detecting the binding of the multimeric or heterodimeric 
cytokine receptor to the ligand in the test sample. 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 
[0049] Prior to setting forth the invention in detail, it may be 
helpful to the understanding thereof to de?ne the folloWing 
terms: 

[0050] Unless otherWise speci?ed, “a,” “an,” “the,” and “at 
least one” are used interchangeably and mean one or more 
than one. 

[0051] The term “af?nity 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 pep 
tide (Hopp et al., Biotechnology 6:1204-10, 1988), streptavi 
din binding peptide, or other antigenic epitope or binding 
domain. See, in general, Ford et al., Protein Expression and 
Purification 2: 95-107, 1991 . DNAs encoding af?nity tags are 
available from commercial suppliers (e.g., Pharmacia Bio 
tech, PiscataWay, NI.) 
[0052] 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. 
[0053] The terms “amino-terminal” and “carboxyl-termi 
nal” are used herein to denote positions Within polypeptides. 
Where the context alloWs, these terms are used With reference 
to a particular sequence or portion of a polypeptide to denote 
proximity or relative position. For example, a certain 
sequence positioned carboxyl-terminal to a reference 
sequence Within a polypeptide is located proximal to the 
carboxyl terminus of the reference sequence, but is not nec 
essarily at the carboxyl terminus of the complete polypeptide. 
[0054] The term “complement/anti-complement pair” 
denotes non-identical moieties that form a non-covalently 
associated, stable pair under appropriate conditions. For 
instance, biotin and avidin (or streptavidin) are prototypical 
members of a complement/anti-complement pair. Other 
exemplary complement/anti-complement pairs include 
receptor/ligand pairs, antibody/ antigen (or hapten or epitope) 
pairs, sense/antisense polynucleotide pairs, and the like. 
Where subsequent dissociation of the complement/anti 
complement pair is desirable, the complement/anti-comple 
ment pair preferably has a binding af?nity of <109 M_l. 
[0055] The term “complements of a polynucleotide mol 
ecule” denotes a polynucleotide molecule having a comple 
mentary 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'. 
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[0056] 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'. 
[0057] The term “degenerate nucleotide sequence” denotes 
a sequence of nucleotides that includes one or more degen 
erate codons (as compared to a reference polynucleotide mol 
ecule 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). 
[0058] 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 addi 
tional segments include promoter and terminator sequences, 
and may also include one or more origins of replication, one 
or more selectable markers, an enhancer, a polyadenylation 
signal, etc. Expression vectors are generally derived from 
plasmid or viral DNA, or may contain elements of both. 
[0059] 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 production sys 
tems. 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 ordi 
narily associated, but may include naturally occurring 5' and 
3' untranslated regions such as promoters and terminators. 
The identi?cation of associated regions Will be evident to one 
of ordinary skill in the art (see for example, Dynan and Tijan, 
Nature 316:774-78, 1985). 
[0060] 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 ani 
mal origin. It is preferred to provide the polypeptides in a 
highly puri?ed form, i.e. greater than 95% pure, more pref 
erably greater than 99% pure. When used in this context, the 
term “isolated” does not exclude the presence of the same 
polypeptide in alternative physical forms, such as dimers or 
alternatively glycosylated or derivatiZed forms. 
[0061] The term “neoplastic”, When referring to cells, indi 
cates cells undergoing neW and abnormal proliferation, par 
ticularly in a tissue Where in the proliferation is uncontrolled 
and progressive, resulting in a neoplasm. The neoplastic cells 
can be either malignant, i.e., invasive and metastatic, or 
benign. 
[0062] 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. 
[0063] The term “ortholog” denotes a polypeptide or pro 
tein obtained from one species that is the functional counter 
part of a polypeptide or protein from a different species. 
Sequence differences among orthologs are the result of spe 
ciation. 
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[0064] “Paralogs” are distinct but structurally related pro 
teins made by an organism. Paralogs are believed to arise 
through gene duplication. For example, ot-globin, [3-globin, 
and myoglobin are paralogs of each other. 
[0065] A “polynucleotide” is a single- or double-stranded 
polymer ofdeoxyribonucleotide or ribonucleotide bases read 
from the 5' to the 3' end. Polynucleotides include RNA and 
DNA, and may be isolated from natural sources, synthesized 
in vitro, or prepared from a combination of natural and syn 
thetic molecules. Sizes of polynucleotides are expressed as 
base pairs (abbreviated “bp”), nucleotides (“nt”), or 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 mol 
ecules it is used to denote overall length and Will be under 
stood to be equivalent to the term “base pairs”. It Will be 
recognized by those skilled in the art that the tWo strands of a 
double-stranded polynucleotide may differ slightly in length 
and that the ends thereof may be staggered as a result of 
enzymatic cleavage; thus all nucleotides Within a double 
stranded polynucleotide molecule may not be paired. 
[0066] A “polypeptide” is a polymer of amino acid residues 
joined by peptide bonds, Whether produced naturally or syn 
thetically. Polypeptides of less than about 10 amino acid 
residues are commonly referred to as “peptides”. 
[0067] The term “promoter” is used herein for its art-rec 
ognized 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. 
[0068] A “protein” is a macromolecule comprising one or 
more polypeptide chains. A protein may also comprise non 
peptidic components, such as carbohydrate groups. Carbohy 
drates and other non-peptidic substituents may be added to a 
protein by the cell in Which the protein is produced, and Will 
vary With the type of cell. Proteins are de?ned herein in terms 
of their amino acid backbone structures; substituents such as 
carbohydrate groups are generally not speci?ed, but may be 
present nonetheless. 
[0069] The term “receptor” denotes a cell-associated pro 
tein that binds to a bioactive molecule (i.e., a ligand) and 
mediates the effect of the ligand on the cell. Membrane 
bound receptors are characterized by a multi-peptide struc 
ture comprising an extracellular ligand-binding domain and 
an intracellular effector domain that is typically involved in 
signal transduction. Binding of ligand to receptor results in a 
conformational change in the receptor that causes an interac 
tion betWeen the effector domain and other molecule(s) in the 
cell. This interaction in turn leads to an alteration in the 
metabolism of the cell. Metabolic events that are linked to 
receptor-ligand interactions include gene transcription, phos 
phorylation, dephosphorylation, increases in cyclic AMP 
production, mobilization of cellular calcium, mobilization of 
membrane lipids, cell adhesion, hydrolysis of inositol lipids 
and hydrolysis of phospholipids. In general, receptors can be 
membrane bound, cytosolic or nuclear; monomeric (e.g., thy 
roid stimulating hormone receptor, beta-adrenergic receptor) 
or multimeric (e.g., PDGF receptor, groWth hormone recep 
tor, IL-3 receptor, GM-CSF receptor, G-CSF receptor, eryth 
ropoietin receptor and IL-6 receptor). 
[0070] The term “secretory signal sequence” denotes a 
DNA sequence that encodes a polypeptide (a “secretory pep 
tide”) that, as a component of a larger polypeptide, directs the 
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larger polypeptide through a secretory pathWay of a cell in 
Which it is synthesized. The larger polypeptide is commonly 
cleaved to remove the secretory peptide during transit 
through the secretory pathWay. 
[0071] A “soluble receptor” is a receptorpolypeptide that is 
not bound to a cell membrane. Soluble receptors are most 
commonly ligand-binding receptor polypeptides that lack 
transmembrane and cytoplasmic domains. Soluble receptors 
can comprise additional amino acid residues, such as a?inity 
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-sur 
face receptors have naturally occurring, soluble counterparts 
that are produced by proteolysis. Soluble receptor polypep 
tides are said to be substantially free of transmembrane and 
intracellular polypeptide segments When they lack suf?cient 
portions of these segments to provide membrane anchoring or 
signal transduction, respectively. 
[0072] 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. 

[0073] 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 “approximately” X, 
the stated value of X Will be understood to be accurate to 
110%. 

[0074] The present invention is based in part upon the dis 
covery of a novel multimeric cytokine receptor protein having 
the structure of a class I cytokine receptor, referred to herein 
as “multimeric cytokine receptor,” or “zcytorl7 multimeric 
cytokine receptor.” The multimeric cytokine receptor 
includes at least a portion of a zcytorl7 receptor subunit, 
disclosed in the commonly oWned US. patent application 
Ser. No. 09/892,949. Another receptor subunit polypeptide 
that may be included in the multimeric cytokine receptor of 
the present invention includes at least a portion of at least one 
polypeptide of a class I cytokine receptor, such as OSMRbeta 
and/or WSX-1. For example, the deduced amino acid 
sequence indicated that zcytorl7 belongs to the receptor sub 
family that includes gp130, LIF, lL-12, oncostatinM receptor 
beta (OSMRbeta) (SEQ ID NO:7), WSX-1 receptors (SEQ 
ID NO:9) (Sprecher, C A et al., Biochem. Biophys. Res. 
Comm, 246:81-90 (1998); and US. Pat. No. 5,925,735), 
DCRS2 (WIPO Publication No. WO 00/73451), the IL-2 
receptor [3-subunit and the ot-common receptor (i.e., lL-3, 
lL-5, and GM-CSF receptor subunits). A further example of 
class I cytokine receptor subunit polypeptides that may be 
included in the multimeric cytokine receptor are the receptors 
for IL-2, IL-4, IL-7, Lif, lL-12, lL-15, EPO, TPO, GM-CSF 
and G-CSF (Cosman, Cytokine, 5(2):95-106 (1993)). 
[0075] 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 extracellular 
domain may be a ligand-binding domain, and the intracellular 
domain may be an effector domain involved in signal trans 






































































































































































































































































































































































