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(7) ABSTRACT

This invention relates to IMX129840 cytokines, including
new mammalian cytokine polypeptides; to methods of mak-
ing such polypeptides; to methods of using them to treat
conditions and diseases involving proliferation and/or dif-
ferentiation of cells from pluripotent stem cell precursors;
and to methods of identifying compounds that alter
IMX129840 cytokine polypeptide activities.
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CYTOKINE POLYPEPTIDES

[0001] This application claims the benefit under 35 U.S.C.
119(e) of U.S. provisional application Ser. No. 60/290,239,
filed May 10, 2001, which is incorporated in its entirety by
reference herein.

FIELD OF THE INVENTION

[0002] This invention relates to IMX129840 cytokine
polypeptides, IMX129840-1, -2, -3 and -4, including new
members of the cytokine polypeptide family, and to methods
of making and using IMX129840 cytokine polypeptides.

BACKGROUND OF THE INVENTION

[0003] The cytokine polypeptides are a related group of
secreted polypeptides, having a three-dimensional structure
characterized by a ‘bundled’ arrangement of four alpha
helices. Members of this family of “four-alpha-helical-
bundle” (4AHB) polypeptides also include hematopoietic
growth factors, interferons, and hormones. The 4AHB
cytokine polypeptides are all involved in regulating either
the proliferation or the development of cells such as hemato-
poietic cells or immune cells from pluripotent stem cell
precursors, with different combinations of cytokines affect-
ing the formation of different cell types such as T cells, B
cells, erythrocytes, megakaryocytes, mast cells, eosinophils,
neutrophils, monocytes, macrophages, dendritic cells, and
osteoclasts. However, some subgroups of these cytokines
also affect biological activities of cells outside the hemato-
poietic or immune cell system, with their receptors widely
expressed in different tissues (Nicola and Hilton, 1999,
Advances in Protein Chemistry 52: 1-65).

[0004] Structural features of the cytokine family of
polypeptides that are commonly, but not universally, present
include signal sequences directing movement of the cytok-
ine precursor polypeptide through the cell membrane to
produce a secreted cytokine, or to a topologically exterior
surface of the cell membrane to produce a membrane-bound
form of the cytokine that is then proteolytically cleaved and
released from the cell. While most members of the 4AHB
cytokine family are active as monomeric molecules, some
form functional homodimers, or interact with soluble forms
of cytokine receptors to form a heterodimeric molecule
(Nicola and Hilton, 1999, Advances in Protein Chemistry
52: 1-65). Cysteine residues in 4AHB cytokines have been
found to be involved in intramolecular disulfide bonds that
stabilize cytokine structure, for example in the case of
leptin/OB (Rock et al., 1996, Horm Metab Res 28: 649-652),
or in intermolecular disulfide bonds related to multimer
formation, such as in M-CSF (Pandit et al., 1992, Science
258: 1358-1362). The four alpha helices of the 4AHB
cytokines, helices A through D, are arranged in an “up up
down down” configuration (Kallen et al., 1999, J Biol Chem
274: 11859-11867). The A and D helices of the interleukin-6
(IL-6) cytokine have been found to include hydrophobic
residues important in forming hydrophobic binding interac-
tions with the IL-6 receptor alpha chain, interspersed with
charged residues that are believed to form salt-bridge clus-
ters with charged residues on the receptor chain, shielding
the nearby hydrophobic residues from water molecules and
stabilizing the cytokine-receptor interactions (Grétzinger et
al., 1997, PROTEINS: Structure, Function, and Genetics 27:
96-109). The results of mutational studies identifying func-
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tional residues in the A and D helices of thrombopoietin
(TPO), a hematopoietic cell growth factor of the 4AHB
cytokine family (Jagerschmidt et al., 1998, Biochem J 333:
729-734), are consistent with this model of cytokine-recep-
tor interaction.

[0005] Structurally, the 4AHB cytokine family can be
divided into two groups: “short-chain” cytokines with
shorter core alpha helices and two-strand beta-sheet struc-
tures in the inter-helical loops, and “long-chain” cytokines
with longer core alpha helices and in many cases shorter
alpha helices in the loop regions. The 4AHB cytokine family
can also be subdivided on the basis of the type(s) of receptor
complex(es) they interact with. For example, 4AHB cytok-
ines may bind to a Type I or a Type II cytokine receptor
which propagate regulatory signals through various mem-
bers of the JAK and STAT families of intracellular signaling
molecules, or they may bind to receptors with intrinsic
tyrosine kinase activities (Nicola and Hilton, 1999,
Advances in Protein Chemistry 52: 1-65); further, a variety
of functional conformations are observed among the recep-
tors for 4AHB cytokines, such as single-chain receptors,
homodimers, heterodimers of an alpha ‘cytokine-binding’
chain and a beta ‘signaling’ chain that may also be present
(‘shared’) in receptor complexes for other cytokines, and
receptor complexes with three or more receptor chains
(Cosman, 1993, Cyrokine 5: 95-106).

[0006] Because of their roles in differentiation of hemato-
poietic and immune cells, 4AHB cytokine polypeptides are
involved in a wide range of biological processes and asso-
ciated disease states and conditions. For example, interac-
tion of the 4AHB cytokine erythropoietin (EPO) with its
receptor (a homodimer with an intracellular signaling
domain that activates a pathway including JAK2 and
STATS5) stimulates the proliferation and differentiation of
erythrocyte precursor cells in adults, making EPO useful for
treating anemia. The 4AHB cytokines thrombopoietin
(TPO) and Granulocyte Colony-Stimulating Factor (G-CSF)
also have hematopoiesis-stimulating activity. Other biologi-
cal effects of 4AHB cytokines include regulation of neural
cell and keratinocyte development, regulation of whole-
body metabolism (an effect demonstrated by growth hor-
mone (GH), prolactin (PRL), and leptin/OB, for example);
stimulation of a proinflammatory response to infection or
injury and of innate immunity (Granulocyte-Macrophage
Colony-Stimulating Factor (GM-CSF), IL-3, IL-5, IL-6,
oncostatin M (OSM), and leukemia inhibitory factor (LIF),
for example); anti-viral activity (interferons such as inter-
feron alpha, beta, and gamma); and stimulation of acquired
immunity and driving the differentiation of helper T cells
toward Thl cell fates (IL-12) or Th2 cell fates (IL-2, IL-4,
and IL-15, for example) (Nicola and Hilton, 1999, Advances
in Protein Chemistry 52: 1-65).

[0007] In order to develop more effective treatments for
conditions and diseases involving the proliferation or the
development of cells from pluripotent stem cell precursors,
information is needed about previously unidentified mem-
bers of the 4AHB cytokine polypeptide family.

SUMMARY OF THE INVENTION

[0008] The present invention is based upon the discovery
of new human cytokine family members, IMX129840-1,
IMX129840-2, IMX129840-3, and IMX129840-4.
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[0009] The invention provides an isolated polypeptide
consisting of, consisting essentially of, or more preferably,
comprising an amino acid sequence selected from the group
consisting of:

[0010] (a) the amino acid sequence of SEQ ID NO: 2;

[0011] (b) the amino acid sequence of SEQ ID NO: 4
or of SEQ ID NO: 6;

[0012] (¢) an amino acid sequence that begins
between amino acid A through B and ends between
amino acid Y through Z, wherein sets of values for
A, B, Y, and Z are selected from the group consisting
of: A=44, B=47,Y=59, and Z=61 of SEQ ID NO: 2;
A=51, B=54, Y=066, and Z=68 of SEQ ID NO: 4 or
of SEQ ID NO: 6; A=89, B=91, Y=102, and Z=112
of SEQ ID NO: 2; A=96, B=98, Y=109, and Z=121
of SEQ ID NO: 4 or of SEQ ID NO: 6; A=111,
B=116, Y=131, and Z=135 of SEQ ID NO: 2;
A=120, B=125, Y=140, and Z=144 of SEQ ID NO:
4 or of SEQ ID NO: 6; A=143, B=146, Y=157, and
Z=159 of SEQ ID NO: 2; and A=152, B=155,
Y=166, and Z=168 of SEQ ID NO: 4 or of SEQ ID
NO: 6;

[0013] (d) a fragment of an amino acid sequence of
any of (a)-(c) comprising at least 20 contiguous
amino acids;

[0014] (e) a fragment of an amino acid sequence of
any of (a)-(c) comprising at least 30 contiguous
amino acids;

[0015] (D) a fragment of an amino acid sequence of
any of (a)-(c) having IMX129840 cytokine polypep-
tide activity;

[0016] (g) a fragment of an amino acid sequence of
any of (a)-(¢) comprising Helix A and/or Helix D
amino acid sequences;

[0017] (h) amino acid sequences comprising at least
20 amino acids and sharing amino acid identity with
the amino acid sequences of any of (a)-(g), wherein
the percent amino acid identity is selected from the
group consisting of: at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%,
at least 97.5%, at least 99%, and at least 99.5%;

[0018] (i) an amino acid sequence of (h), wherein a
polypeptide comprising said amino acid sequence of
(h) binds to an antibody that also binds to a polypep-
tide comprising an amino acid sequence of any of

(a)-(g); and

[0019] (j) an amino acid sequence of (h) or (i) having
IMX129840 cytokine polypeptide activity.

[0020] Other aspects of the invention are isolated nucleic
acids encoding polypeptides of the invention, with a pre-
ferred embodiment being an isolated nucleic acid consisting
of, or more preferably, comprising a nucleotide sequence
selected from the group consisting of:

[0021] (a) nucleotides 58 through 657 SEQ ID NO: 1,

[0022] (b) nucleotides 141 through 740 of SEQ ID
NO: 3;
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[0023] (c) nucleotides 141 through 740 of SEQ ID
NO: 5; and

[0024] (d) variants of (a)-(c).
[0025] An additional preferred embodiment of the inven-
tion is an isolated nucleic acid consisting of, or more
preferably, comprising a nucleotide sequence selected from
the group consisting of SEQ ID NO: 1, SEQ ID NO: 3, and
SEQ ID NO: 5.

[0026] The invention also provides an isolated genomic
nucleic acid corresponding to the nucleic acids of the
invention.

[0027] Other aspects of the invention are isolated nucleic
acids encoding polypeptides of the invention, and isolated
nucleic acids, preferably having a length of at least 15
nucleotides, that hybridize under conditions of moderate
stringency to the nucleic acids encoding polypeptides of the
invention. In preferred embodiments of the invention, such
nucleic acids encode a polypeptide having IMX129840
cytokine polypeptide activity, or comprise a nucleotide
sequence that shares nucleotide sequence identity with the
nucleotide sequences of the nucleic acids of the invention,
wherein the percent nucleotide sequence identity is selected
from the group consisting of: at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%;, at least
97.5%, at least 99%, and at least 99.5%.

[0028] Further provided by the invention are expression
vectors and recombinant host cells comprising at least one
nucleic acid of the invention, and preferred recombinant host
cells wherein said nucleic acid is integrated into the host cell
genome.

[0029] Also provided is a process for producing a
polypeptide encoded by the nucleic acids of the invention,
comprising culturing a recombinant host cell under condi-
tions promoting expression of said polypeptide, wherein the
recombinant host cell comprises at least one nucleic acid of
the invention. A preferred process provided by the invention
further comprises purifying said polypeptide. In another
aspect of the invention, the polypeptide produced by said
process is provided.

[0030] Further aspects of the invention are isolated anti-
bodies that bind to the polypeptides of the invention, pref-
erably monoclonal antibodies, also preferably humanized
antibodies or humanized antibodies, and preferably wherein
the antibody inhibits the activity of said polypeptides.

[0031] The invention additionally provides a method of
designing an inhibitor of the polypeptides of the invention,
the method comprising the steps of determining the three-
dimensional structure of any such polypeptide, analyzing the
three-dimensional structure for the likely binding sites of
substrates, synthesizing a molecule that incorporates a pre-
dicted reactive site, and determining the polypeptide-inhib-
iting activity of the molecule.

[0032] In a further aspect of the invention, a method is
provided for identifying compounds that alter IMX129840
cytokine polypeptide activity comprising
[0033] (a) mixing a test compound with a polypep-
tide of the invention; and
[0034] (b) determining whether the test compound
alters the IMX129840 cytokine polypeptide activity
of said polypeptide.
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[0035] In another aspect of the invention, a method is
provided identifying compounds that inhibit the binding
activity of IMX129840 cytokine polypeptides comprising

[0036] (a) mixing a test compound with a polypep-
tide of the invention and a binding partner of said
polypeptide; and

[0037] (b) determining whether the test compound
inhibits the binding activity of said polypeptide.

[0038] In preferred embodiments, the binding partner is a
cell surface receptor that is a member of the immunoglobu-
lin superfamily; more preferably, the binding partner is a
member of the cytokine receptor family.

[0039] The invention also provides a method for increas-
ing proliferation and/or differentiation of cells from pluri-
potent stem cell precursors, comprising providing at least
one compound selected from the group consisting of the
polypeptides of the invention and agonists of said polypep-
tides; with a preferred embodiment of the method further
comprising increasing said activities in a patient by admin-
istering at least one polypeptide of the invention.

[0040] Further provided by the invention is a method for
decreasing proliferation and/or differentiation of cells from
pluripotent stem cell precursors, comprising providing at
least one antagonist of the polypeptides of the invention;
with a preferred embodiment of the method further com-
prising decreasing said activities in a patient by administer-
ing at least one antagonist of the polypeptides of the inven-
tion, and with a further preferred embodiment wherein the
antagonist is an antibody that inhibits the activity of any of
said polypeptides.

[0041] The invention additionally provides a method for
increasing the number of cytokine-receptor-bearing cells or
their developmentally committed progeny, through
increased cell proliferation and/or altered cell differentia-
tion, comprising contacting said cytokine-receptor-bearing
cells with polypeptides of the invention or agonists thereof.
In preferred embodiments, the cytokine-receptor-bearing
cells are pluripotent cells, and in further preferred embodi-
ments, the cytokine-receptor-bearing cells are cells of the
hematopoietic system.

[0042] In other aspects of the invention, methods are
provided for treating cytopenias for cytokine-receptor-bear-
ing cells or their developmentally committed progeny, com-
prising administering to a patient a therapeutically effective
amount of one or more polypeptides of the invention or
agonists thereof. In preferred embodiments, the patient is a
human patient; and in further preferred embodiments, the
cytopenia is a disease affecting hematopoietic cells. Meth-
ods are also provided for treating the hypoproliferation of
cytokine-receptor-bearing cells or their developmentally
committed progeny, comprising administering to a patient a
therapeutically effective amount of one or more antagonists
of polypeptides of the invention. In preferred embodiments,
the patient is a human patient; and in further preferred
embodiments, the hypoproliferation is a cancerous or meta-
static condition; and more preferably the hypoproliferation
is a lymphoproliferation such as leukemia.

[0043] Also encompassed within the scope of the inven-
tion are methods for increasing immune activity against
pathogens and/or tumors by increasing specific subclasses of
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immune cells with increased effector functions, comprising
administering to a patient a therapeutically effective amount
of one or more polypeptides of the invention or agonists
thereof. In preferred embodiments, the patient is a human
patient; and in a further preferred embodiment, the increased
effector function is increased cytolytic lymphocyte function
against virally infected or cancerous cells.

[0044] Further provided by the invention is a method for
treating disorders of Kkeratinocytes or other skin cells, for
example disorders such as psoriasis, comprising providing at
least one antagonist of the polypeptides of the invention;
with an embodiment of the method further comprising
treating a patient by administering at least one antagonist of
the polypeptides of the invention, and with a further embodi-
ment wherein the antagonist is an antibody that inhibits the
activity of any of said polypeptides.

[0045] Other aspects of the invention are methods for
treating disorders such as colitis, Crohn’s disease, or other
inflammatory bowel diseases, and methods for increasing
epithelial barrier function in intestinal epithelia, such meth-
ods comprising providing at least one antagonist of the
polypeptides of the invention; with an embodiment of the
method further comprising treating a patient by administer-
ing at least one antagonist of the polypeptides of the inven-
tion, and with a further embodiment wherein the antagonist
is an antibody that inhibits the activity of any of said
polypeptides.

[0046] Also provided by the invention are methods for
treating disorders such as asthma, allergy, or other inflam-
matory respiratory or lung diseases, and methods for
increasing epithelial balTier function in lung epithelia, such
methods comprising providing at least one compound
selected from the group consisting of the polypeptides of the
invention and agonists of said polypeptides; with a preferred
embodiment of the method comprising treating a patient by
administering at least one polypeptide of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0047] Similarities of IMX129840 Cytokine Structure to
Other 4AHB Cytokine Family Members

[0048] We have identified a group of structurally related
4AHB cytokines, clustered together within an approxi-
mately 120-kb region of human chromosome 19; these
human cytokines have been named IMX129840-1,
IMX129840-2, IMX129840-3, and IMX129840-4. The
amino acid sequences of the IMX129840-1, -2, and -3
cytokine polypeptides are provided in SEQ ID NOs 2, 4, and
6, respectively, and an alignment showing the amino acid
sequence similarities between these IMX129840 cytokines
is presented in Table 1 in Example 1 below. We have also
identified a partial amino acid sequence for IMX129840-4
cytokine polypeptide (SEQ ID NO: 8); a partial amino acid
sequence for the murine polypeptide corresponding to
human IMX129840-1 (SEQ ID NO: 10); and a complete
amino acid sequence for the murine polypeptide correspond-
ing to human IMX129840-2 (SEQ ID NO: 12).

[0049] The typical structural elements common to mem-
bers of the 4AHB cytokine polypeptide family include a
signal sequence and four ‘core’ alpha helices. A signal
sequence is also found at the N-termini of IMX129840
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cytokine polypeptides, and is followed, in N-to-C order, by
helix A, loop AB, helix B, loop BC, helix C, loop CD, and
helix D. The IMX129840-1 cytokine polypeptide has a
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cytokines. Therefore, IMX129840 cytokine polypeptides
have an overall structure consistent with that of other 4AHB
cytokine polypeptides.

Location of Helix

Begins Between Amino Acid A Through B

Ends Between Amino Acid Y Through Z

SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID
NO:2 NOs 4 and 6 NO:12 NO:2 NOs 4 and 6 NO:12
A B A B A B Y Z Y Z Y Z
Helix A 44 47 51 54 55 63 59 61 66 68 73 85
Helix B 89 91 96 98 89 101 102 112 109 121 114 119
Helix C 111 116 120 125 124 130 131 135 140 144 137 146
Helix D 143 146 152 155 154 157 157 159 166 168 168 168

signal sequence beginning approximately between amino
acid 7 through amino acid 9 and extending to approximately
between amino acid 19 through amino acid 21 of SEQ ID
NO: 2, with the mature polypeptide produced by cleavage of
the signal peptide (amino acids 1 through 19, 20, or 21 of
SEQ ID NO: 2) predicted to have an amino acid sequence
beginning at amino acid 20, 21, or 22 of SEQ ID NO: 2.
Similarly, the murine IMX129840-1 cytokine polypeptide is
predicted to have a signal sequence cleaved following amino
acid 19 of SEQ ID NO: 10 to produce a mature polypeptide
with an N-terminal residue corresponding to amino acid 20
of SEQ ID NO: 10. The IMX129840-2 and -3 cytokine
polypeptides each have a signal sequence extending from
approximately amino acid 13 to amino acid 25 of SEQ ID
NOs 4 and 6, with the mature polypeptide produced by
cleavage of the signal peptide (amino acids 1 through 25 of
SEQ ID NOs 4 and 6) predicted in each case to have an
amino acid sequence beginning at amino acid 26 of SEQ ID
NOs 4 and 6. The murine IMX129840-2 cytokine polypep-
tide is predicted to have a signal sequence cleaved following
amino acid 28 of SEQ ID NO: 12 to produce a mature
polypeptide with an N-terminal residue corresponding to
amino acid 29 of SEQ ID NO: 12.

[0050] The approximate locations of the four alpha helices
in the human IMX129840-1, -2, and -3 cytokine polypeptide
sequences (SEQ ID NOs 2, 4,and 6 respectively) and in the
murine IMX129840-2 cytokine polypeptide (SEQ ID NO:
12) are shown in the table below. The locations of these
helices within IMX129840 cytokine polypeptides were
determined by using the GeneFold program (described in
more detail in Example 1 below) to find the regions in
IMX129840-1 that fit most closely to the known alpha
helices of cytokine template polypeptide structures such as
GM-CSF and ovine interferon-tau, and the regions of
murine IMX129840-2 that fit most closely to GM-CSF and
a form of IL-3 (Protein Data Bank entry 1jli), and predicting
the corresponding locations within IMX129840-2 and -3
based on their high degree of amino acid sequence similarity
to IMX129840-1 (as shown in Table 1of Example 1 below).
Note that the overlap between the predicted extent of helix
B and helix C results from the loop BC region between these
helices assuming an extended conformation in some Gene-
Fold template structures and a helical structure in others,
consistent with the loop BC region being a flexible region
that can have varied conformations in different 4AHB

[0051] The skilled artisan will recognize that the bound-
aries of the regions of IMX129840 cytokine polypeptides
described above are approximate and that the precise bound-
aries of such domains, as for example the boundaries of the
signal sequence (which can be predicted by using computer
programs available for that purpose), can also differ from
member to member within the IMX129840 cytokine
polypeptide family.

[0052] Biological Activities and Functions of IMX129840
Cytokine Polypeptides

[0053] PCR amplification from tissue-specific cDNA
libraries was performed to detect IMX129840 cytokine
cDNAsequences. The results of these experiments show that
IMX129840-1 cytokine transcripts are found in several
types of adult and fetal cells, including but not limited to
adult skin, lung, kidney, pancreas, thymus, and leukocyte
cells; fetal liver, brain, and thymus, and CX-1 colon adeno-
carcinoma cells.

[0054] Typical biological activities or functions associated
with IMX129840 cytokine polypeptides are stimulation of
the proliferation and/or differentiation of cells from pluri-
potent stem cell precursors. IMX129840 cytokine polypep-
tides are also associated with the formation and/or mainte-
nance of barrier function in epithelia such as lung and
intestinal epithelia. IMX129840 cytokine polypeptides hav-
ing stimulation of cell proliferation activity bind receptor
polypeptides. The receptor-binding activity is associated
with domains comprising helix A and helix D of
IMX129840 cytokine polypeptides. Thus, for uses requiring
receptor-binding activity, preferred IMX129840 cytokine
polypeptides include those having helix A and helix D and
exhibiting stimulation of cell proliferation activity. Preferred
IMX129840 cytokine polypeptides further include oligo-
mers or fusion polypeptides comprising at least one alpha
helix portion of one or more IMX129840 cytokine polypep-
tides, and fragments of any of these polypeptides that have
stimulation of cell proliferation activity. The receptor-de-
pendent stimulation of cell proliferation activity of
IMX129840 cytokine polypeptides can be determined, for
example, in a cell proliferation assay using BAF cells
transfected with nucleic acid constructs directing the expres-
sion of receptor polypeptide chains (see, for example, FIG.
6 of Kallen et al., 1999, J Biol Chem 274: 11859-11867).
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Alternatively, the effect that treatment of cells with
IMX129840 cytokine polypeptides has on activation of
intracellular signaling pathways can be assayed by measur-
ing the phosphorylation of receptor polypeptide chains or
other targets of signaling pathway kinases such as targets of
JAK family members (see, for example, FIG. 2 of Kallen et
al.,, 1999, J Biol Chem 274: 11859-11867). IMX129840
cytokine polypeptides having stimulation of cell prolifera-
tion activity preferably have at least 10% (more preferably,
at least 25%, and most preferably, at least 50%) of the
maximal stimulation of cell proliferation activity of IL-6 as
measured in FIG. 6A of Kallen et al., 1999, J Biol Chem 274
11859-11867. IMX129840 cytokine polypeptides having
stimulation of intracellular signalling activity preferably
have at least 10% (more preferably, at least 25%, and most
preferably, at least 50%) of the maximal phosphorylation of
intracellular signaling pathway components activity of IL-6
as measured in FIG. 2A of Kallen et al., 1999, J Biol Chem
274: 11859-11867. The effect that IMX129840 cytokine
polypeptides and agonists or antagonists thereof have on
epithelial barrier function can be assayed by measurement of
transepithelial electrical resistance (TER) as described in
Ahdieh et al.. 2001, Am J Physiol Cell Physiol 281: C2029-
2038. IMX129840 cytokine polypeptides and agonists or
antagonists that modify epithelial barrier function increase
or decrease TER by at least 15% of the TER measured in
untreated epithelia. The term “IMX129840 -cytokine
polypeptide activity,” as used herein, includes any one or
more of the following: stimulation of cell proliferation
activity and phosphorylation of intracellular signaling path-
way components activity, modification of epithelial barrier
function, and the ex vivo and in vivo activities of
IMX129840 cytokine family polypeptides (for example,
IMX129840-1, -2, -3, and/or -4). The degree to which
individual members of the IMX129840 cytokine polypep-
tide family and fragments and other derivatives of these
polypeptides exhibit these activities can be determined by
standard assay methods, particularly assays such as those
disclosed in Kallen et al., 1999, J Biol Chem 274: 11859-
11867. Additional exemplary assays are disclosed herein;
those of skill in the art will appreciate that other, similar
types of assays can be used to measure IMX129840 cytokine
family biological activities.

[0055] Another aspect of the biological activity of
IMX129840 cytokine polypeptides is the ability of members
of this polypeptide family to bind particular binding partners
such as cell surface receptors that are members of the
immunoglobulin superfamily, and more particularly to
members of the cytokine receptor family. The term “binding
partner,” as used herein, includes ligands, receptors, sub-
strates, antibodies, other IMX129840 cytokine polypeptides,
the same IMX129840 cytokine polypeptide (in the case of
homotypic interactions or formation of multimers), and any
other molecule that interacts with a IMX129840 cytokine
polypeptide through contact or proximity between particular
portions of the binding partner and the IMX129840 cytokine
polypeptide. Because helix A and helix D of IMX129840
cytokine polypeptides are likely to be involved in the
cytokine-receptor interaction, mutations of hydrophobic or
charged residues within these helices are expected to alter
the binding of IMX129840 cytokine polypeptides to recep-
tor polypeptides; such mutations are likely to disrupt cytok-
ine-receptor binding but may increase the strength of this
interaction. By binding to one or more components of a
cytokine receptor complex, or by binding to some compo-
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nents but not others, an altered IMX129840 cytokine
polypeptide would likely prevent binding by the native
IMX129840 cytokine polypeptide(s), and so act in a domi-
nant negative fashion to inhibit the biological activities
mediated via binding of IMX129840 cytokine polypeptides
to cytokine receptors (see, for example, Tables I and II of
interactions (Grétzinger et al., 1997, PROTEINS: Structure,
Function, and Genetics 27: 96-109). Suitable assays to
detect or measure the binding between IMX129840 cytokine
polypeptides and their binding partners are well known to
those of skill in the art and are described herein.

[0056] IMX129840 cytokine polypeptides are involved in
diseases or conditions that share as a common feature
proliferation and/or differentiation of cells from pluripotent
stem cell precursors, or defects in such proliferative and/or
developmental processes,.in their etiology. Blocking or
inhibiting the interactions between members of the
IMX129840 cytokine polypeptide family and their sub-
strates, ligands, receptors, binding partners, and or other
interacting polypeptides is an aspect of the invention and
provides methods for treating or ameliorating diseases and
conditions involving excess proliferation and/or differentia-
tion of cells from pluripotent stem cell precursors, through
the use of inhibitors of IMX129840 cytokine polypeptide
activity. Examples of such inhibitors or antagonists are
described in more detail below. For conditions involving
inadequate proliferation and/or differentiation of cells from
pluripotent stem cell precursors, methods of treating or
ameliorating these conditions comprise increasing the
amount or activity of IMX129840 cytokine polypeptides by
providing isolated IMX129840 cytokine polypeptides or
active fragments or fusion polypeptides thereof, or by pro-
viding compounds (agonists) that activate endogenous or
exogenous IMX129840 cytokine polypeptides. Additional
uses for IMX129840 cytokine polypeptides include diag-
nostic reagents for conditions and diseases involving the
proliferation or the development of cells from pluripotent
stem cell precursors, research reagents for investigation of
proliferation and/or differentiation of cells from pluripotent
stem cell precursors, or as a carrier/targeting polypeptide to
deliver therapeutic agents to cells expressing IMX129840
cytokine receptors.

[0057] IMX129840 Cytokine Polypeptides

[0058] A IMX129840 cytokine polypeptide is a polypep-
tide that shares a sufficient degree of amino acid identity or
similarity to an IMX129840 cytokine polypeptide of SEQ
ID NOs 2, 4, or 6 to (A) be identified by those of skill in the
art as a polypeptide likely to share particular structural
domains and/or (B) have biological activities in common
with the IMX129840 cytokine polypeptide of SEQ ID NOs
2,4, or 6 and/or (C) bind to antibodies that also specifically
bind to other IMX129840 cytokine polypeptides.
IMX129840 cytokine polypeptides can be isolated from
naturally occurring sources, or have the same structure as
naturally occurring IMX129840 cytokine polypeptides, or
can be produced to have structures that differ from naturally
occurring IMX129840 cytokine polypeptides. Polypeptides
derived from any IMX129840 cytokine polypeptide by any
type of alteration (for example, but not limited to, insertions,
deletions, or substitutions of amino acids; changes in the
state of glycosylation of the polypeptide; refolding or
isomerization to change its three-dimensional structure or
self-association state; and changes to its association with
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other polypeptides or molecules) are also IMX129840
cytokine polypeptides. Therefore, the polypeptides provided
by the invention include polypeptides characterized by
amino acid sequences similar to those of the IMX129840
cytokine polypeptides described herein, but into which
modifications are naturally provided or deliberately engi-
neered. A polypeptide that shares biological activities in
common with IMX129840 cytokine polypeptides is a
polypeptide having IMX129840 cytokine polypeptide activ-
ity. Examples of biological activities exhibited by
IMX129840 cytokine polypeptides include, without limita-
tion, stimulation of proliferation and/or differentiation of
cells from pluripotent stem cell precursors.

[0059] The present invention provides both full-length and
mature forms of IMX129840 cytokine polypeptides. Full-
length polypeptides are those having the complete primary
amino acid sequence of the polypeptide as initially trans-
lated. The amino acid sequences of full-length polypeptides
can be obtained, for example, by translation of the complete
open reading frame (“ORF”) of a cDNA molecule. Several
full-length polypeptides can be encoded by a single genetic
locus if multiple mRNA forms are produced from that locus
by alternative splicing or by the use of multiple translation
initiation sites. The “mature form™ of a polypeptide refers to
a polypeptide that has undergone post-translational process-
ing steps such as cleavage of the signal sequence or pro-
teolytic cleavage to remove a prodomain. Multiple mature
forms of a particular full-length polypeptide may be pro-
duced, for example by cleavage of the signal sequence at
multiple sites, or by differential regulation of proteases that
cleave the polypeptide. The mature form(s) of such polypep-
tide can be obtained by expression, in a suitable mammalian
cell or other host cell, of a nucleic acid molecule that
encodes the full-length polypeptide. The sequence of the
mature form of the polypeptide may also be determinable
from the amino acid sequence of the full-length form,
through identification of signal sequences or protease cleav-
age sites. The IMX129840 cytokine polypeptides of the
invention also include those that result from post-transcrip-
tional or post-translational processing events such as alter-
nate mRNA processing which can yield a truncated but
biologically active polypeptide, for example, a naturally
occurring soluble form of the polypeptide. Also encom-
passed within the invention are variations attributable to
proteolysis such as differences in the N- or C-termini upon
expression in different types of host cells, due to proteolytic
removal of one or more terminal amino acids from the
polypeptide (generally from 1-5 terminal amino acids).

[0060] The invention further includes IMX129840 cytok-
ine polypeptides with or without associated native-pattern
glycosylation. Polypeptides expressed in yeast or mamma-
lian expression systems (e.g., COS-1 or CHO cells) can be
similar to or significantly different from a native polypeptide
in molecular weight and glycosylation pattern, depending
upon the choice of expression system. Expression of
polypeptides of the invention in bacterial expression sys-
tems, such as F. coli, provides non-glycosylated molecules.
Further, a given preparation can include multiple differen-
tially glycosylated species of the polypeptide. Glycosyl
groups can be removed through conventional methods, in
particular those utilizing glycopeptidase. In general, glyco-
sylated polypeptides of the invention can be incubated with
a molar excess of glycopeptidase (Boehringer Mannheim).
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[0061] Species homologues of IMX129840 cytokine
polypeptides and of nucleic acids encoding them are also
provided by the present invention. As used herein, a “species
homologue” is a polypeptide or nucleic acid with a different
species of origin from that of a given polypeptide or nucleic
acid, but with significant sequence similarity to the given
polypeptide or nucleic acid, as determined by those of skill
in the art. Species homologues can be isolated and identified
by making suitable probes or primers from polynucleotides
encoding the amino acid sequences provided herein and
screening a suitable nucleic acid source from the desired
species. The invention also encompasses allelic variants of
IMX129840 cytokine polypeptides and nucleic acids encod-
ing them; that is, naturally-occurring alternative forms of
such polypeptides and nucleic acids in which differences in
amino acid or nucleotide sequence are attributable to genetic
polymorphism (allelic variation among individuals within a
population).

[0062] Fragments of the IMX129840 cytokine polypep-
tides of the present invention are encompassed by the
present invention and can be in linear form or cyclized using
known methods, for example, as described in Saragovi et al.,
Bio/Technology 10, 773-778 (1992) and in McDowell et al.,
J. Amer. Chem. Soc. 114 9245-9253 (1992). Polypeptides
and polypeptide fragments of the present invention, and
nucleic acids encoding them, include polypeptides and
nucleic acids with amino acid or nucleotide sequence
lengths that are at least 25% (more preferably at least 50%,
or at least 60%, or at least 70%, and most preferably at least
80%) of the length of a IMX129840 cytokine polypeptide
and have at least 60% sequence identity (more preferably at
least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 97.5%, or at least 99%, and most
preferably at least 99.5%) with that IMX129840 cytokine
polypeptide or encoding nucleic acid, where sequence iden-
tity is determined by comparing the amino acid sequences of
the polypeptides when aligned so as to maximize overlap
and identity while minimizing sequence gaps. Also included
in the present invention are polypeptides and polypeptide
fragments, and nucleic acids encoding them, that contain or
encode a segment preferably comprising at least 8, or at least
10, or preferably at least 15, or more preferably at least 20,
or still more preferably at least 30, or most preferably at least
40 contiguous amino acids. Such polypeptides and polypep-
tide fragments may also contain a segment that shares at
least 70% sequence identity (more preferably at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 97.5%, or at least 99%, and most preferably at
least 99.5%) with any such segment of any IMX129840
cytokine polypeptide, where sequence identity is determined
by comparing the amino acid sequences of the polypeptides
when aligned so as to maximize overlap and identity while
minimizing sequence gaps. The percent identity of two
amino acid or two nucleic acid sequences can be determined
by visual inspection and mathematical calculation, or more
preferably, the comparison is done by comparing sequence
information using a computer program. An exemplary, pre-
ferred computer program is the Genetics Computer Group
(GCG; Madison, Wis.) Wisconsin package version 10.0
program, ‘GAP’ (Devereux et al., 1984, Nucl. Acids Res. 12:
387). The preferred default parameters for the ‘GAP’ pro-
gram includes: (1) The GCG implementation of a unary
comparison matrix (containing a value of 1 for identities and
0 for non-identities) for nucleotides, and the weighted amino
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acid comparison matrix of Gribskov and Burgess, Nucl.
Acids Res. 14:6745, 1986, as described by Schwartz and
Dayhoff, eds., Atlas of Polypeptide Sequence and Structure,
National Biomedical Research Foundation, pp. 353-358,
1979; or other comparable comparison matrices; (2) a pen-
alty of 30 for each gap and an additional penalty of 1 for
each symbol in each gap for amino acid sequences, or
penalty of 50 for each gap and an additional penalty of 3 for
each symbol in each gap for nucleotide sequences; (3) no
penalty for end gaps; and (4) no maximum penalty for long
gaps. Other programs used by those skilled in the art of
sequence comparison can also be used, such as, for example,
the BLASTN program version 2.0.9, available for use via
the National Library of Medicine website ncbi.nlm.nih.gov/
gorf/wblast2.cgi, or the UW-BLAST 2.0 algorithm. Stan-
dard default parameter settings for UW-BLAST 2.0 are
described at the following Internet site: sapiens.wustl.edu/
blast/blast/#Features. In addition, the BLAST algorithm
uses the BLOSUMO62 amino acid scoring matix, and
optional parameters that can be used are as follows: (A)
inclusion of a filter to mask segments of the query sequence
that have low compositional complexity (as determined by
the SEG program of Wootton and Federhen (Computers and
Chemistry, 1993); also sce Wootton and Federhen, 1996,
Analysis of compositionally biased regions in sequence
databases, Methods Enzymol. 266: 554-71) or segments
consisting of short-periodicity internal repeats (as deter-
mined by the XNU program of Claverie and States (Com-
puters and Chemistry, 1993)), and (B) a statistical signifi-
cance threshold for reporting matches against database
sequences, or E-score (the expected probability of matches
being found merely by chance, according to the stochastic
model of Karlin and Altschul (1990); if the statistical
significance ascribed to a match is greater than this E-score
threshold, the match will not be reported.); preferred E-score
threshold values are 0.5, or in order of increasing preference,
0.25, 0.1, 0.05, 0.01, 0.001, 0.0001, le-5, le-10, le-15, le-20,
le-25, le-30, le-40, le-50, le-75, or 1e-100.

[0063] The present invention also provides for soluble
forms of IMX129840 cytokine polypeptides comprising
certain fragments or domains of these polypeptides. Soluble
polypeptides are polypeptides that are capable of being
secreted from the cells in which they are expressed. A
secreted soluble polypeptide can be identified (and distin-
guished from its non-soluble membrane-bound counter-
parts) by separating intact cells which express the desired
polypeptide from the culture medium, e.g., by centrifuga-
tion, and assaying the medium (supernatant) for the presence
of the desired polypeptide. The presence of the desired
polypeptide in the medium indicates that the polypeptide
was secreted from the cells and thus is a soluble form of the
polypeptide. The use of soluble forms of IMX129840 cytok-
ine polypeptides is advantageous for many applications.
Purification of the polypeptides from recombinant host cells
is facilitated, since the soluble polypeptides are secreted
from the cells. Moreover, soluble polypeptides are generally
more suitable than membrane-bound forms for parenteral
administration and for many enzymatic procedures.

[0064] “An isolated polypeptide consisting essentially of
an amino acid sequence” means that the polypeptide may
have, in addition to said amino acid sequence, additional
material covalently linked to either or both ends of the
polypeptide, said additional material preferably between 1
and 10,000 additional amino acids covalently linked to
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either end, each end, or both ends of polypeptide, and more
preferably between 1 and 1,000 additional amino acids
covalently linked to either end, each end, or both ends of the
polypeptide, and most preferably between 1 and 100 addi-
tional amino acids covalently linked to either end, each end,
or both ends of the polypeptide. In preferred embodiments,
covalent linkage of additional amino acids to either end,
each end, or both ends of the polypeptide results in a novel
combined amino acid sequence that is neither naturally
occurring nor disclosed in the art.

[0065] In another aspect of the invention, preferred
polypeptides comprise various combinations of IMX129840
cytokine polypeptide structures, such as helices A, B, C, and
D and the inter-helix loops AB, BC, and CD. Accordingly,
polypeptides of the present invention and nucleic acids
encoding them include those comprising or encoding two or
more copies of helix A, two or more copies of helix D, or at
least one copy of each. A further embodiment of the inven-
tion is an isolated IMX129840 cytokine polypeptide con-
sisting of the following, in N-to-C order: a polypeptide
consisting essentially of helix A, covalently linked to a
polypeptide consisting essentially of helix B, covalently
linked to a polypeptide consisting essentially of helix C,
covalently linked to a polypeptide consisting essentially of
helix D, wherein a polypeptide consisting essentially of a
given helix of the IMX129840 cytokine polypeptide may
include a naturally occurring or a modified inter-helix loop
amino acid sequence, for example, an inter-helix loop
sequence in which conservative substitutions have been
made of one or more amino acids.

[0066] Further modifications in the peptide or DNA
sequences can be made by those skilled in the art using
known techniques. Modifications of interest in the polypep-
tide sequences can include the alteration, substitution,
replacement, insertion or deletion of a selected amino acid.
For example, one or more of the cysteine residues can be
deleted or replaced with another amino acid to alter the
conformation of the molecule, an alteration which may
involve preventing formation of incorrect intramolecular
disulfide bridges upon folding or renaturation. Techniques
for such alteration, substitution, replacement, insertion or
deletion are well known to those skilled in the art (see, e.g.,
U.S. Pat. No. 4,518,584). As another example, N-glycosy-
lation sites in the polypeptide can be modified to preclude
glycosylation, allowing expression of a reduced carbohy-
drate analog in mammalian and yeast expression systems.
N-glycosylation sites in eukaryotic polypeptides are char-
acterized by an amino acid triplet Asn-X-Y, wherein X is any
amino acid except Pro and Y is Ser or Thr. Appropriate
substitutions, additions, or deletions to the nucleotide
sequence encoding these triplets will result in prevention of
attachment of carbohydrate residues at the Asn side chain.
Alteration of a single nucleotide, chosen so that Asntis
replaced by a different amino acid, for example, is sufficient
to inactivate an N-glycosylation site. Alternatively, the Ser
or Thr can by replaced with another amino acid, such as Ala.
Known procedures for inactivating N-glycosylation sites in
polypeptides include those described in U.S. Pat. No. 5,071,
972 and EP 276,846. Additional variants within the scope of
the invention include polypeptides that can be modified to
create derivatives thereof by forming covalent or aggrega-
tive conjugates with other chemical moieties, such as gly-
cosyl groups, lipids, phosphate, acetyl groups and the like.
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Covalent derivatives can be prepared by linking the chemi-
cal moieties to functional groups on amino acid side chains
or at the N-terminus or C-terminus of a polypeptide. Con-
jugates comprising diagnostic (detectable) or therapeutic
agents attached thereto are contemplated herein. Preferably,
such alteration, substitution, replacement, insertion or dele-
tion retains the desired activity of the polypeptide or a
substantial equivalent thereof. One example is a variant that
binds with essentially the same binding affinity as does the
native form. Binding affinity can be measured by conven-
tional procedures, e.g., as described in U.S. Pat. No. 5,512,
457 and as set forth herein.

[0067] Other derivatives include covalent or aggregative
conjugates of the polypeptides with other polypeptides or
polypeptides, such as by synthesis in recombinant culture as
N-terminal or C-terminal fusions. Examples of fusion
polypeptides are discussed below in connection with oligo-
mers. Further, fusion polypeptides can comprise peptides
added to facilitate purification and identification. Such pep-
tides include, for example, poly-His or the antigenic iden-
tification peptides described in U.S. Pat. No. 5,011,912 and
in Hopp et al., Bio/Technology 6:1204, 1988. One such
peptide is the FLAG® peptide, which is highly antigenic and
provides an epitope reversibly bound by a specific mono-
clonal antibody, enabling rapid assay and facile purification
of expressed recombinant polypeptide. A murine hybridoma
designated 4E11 produces a monoclonal antibody that binds
the FLAG® peptide in the presence of certain divalent metal
cations, as described in U.S. Pat. No. 5,011,912. The 4E11
hybridoma cell line has been deposited with the American
Type Culture Collection under accession no. HB 9259.
Monoclonal antibodies that bind the FLAG® peptide are
available from Eastman Kodak Co., Scientific Imaging
Systems Division, New Haven, Conn.

[0068] Encompassed by the invention are oligomers or
fusion. polypeptides that contain a IMX129840 cytokine
polypeptide, one or more fragments of IMX129840 cytokine
polypeptides, or any of the derivative or variant forms of
IMX129840 cytokine polypeptides as disclosed herein. In
particular embodiments, the oligomers comprise soluble
IMX129840 cytokine polypeptides. Oligomers can be in the
form of covalently linked or non-covalently-linked multim-
ers, including dimers, trimers, or higher oligomers. In one
aspect of the invention, the oligomers maintain the binding
ability of the polypeptide components and provide therefor,
bivalent, trivalent, etc., binding sites. In an alternative
embodiment the invention is directed to oligomers compris-
ing multiple IMX129840 cytokine polypeptides joined via
covalent or non-covalent interactions between peptide moi-
eties fused to the polypeptides, such peptides having the
property of promoting oligomerization. Leucine zippers and
certain polypeptides derived from antibodies are among the
peptides that can promote oligomerization of the polypep-
tides attached thereto, as described in more detail below.

[0069] Inembodiments where variants of the IMX129840
cytokine polypeptides are constructed to include a mem-
brane-spanning domain, they will form a Type I membrane
polypeptide. Membrane-spanning IMX129840 cytokine
polypeptides can be fused with extracellular domains of
receptor polypeptides for which the ligand is known. Such
fusion polypeptides can then be manipulated to control the
intracellular signaling pathways triggered by the membrane-
spanning IMX129840 cytokine polypeptide. IMX129840
cytokine polypeptides that span the cell membrane can also
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be fused with agonists or antagonists of cell-surface recep-
tors, or cellular adhesion molecules to further modulate
IMX129846 cytokine intracellular effects. In another aspect
of the present invention, other interleukin or cytokine
polypeptides can be situated between the preferred
IMX129840 cytokine polypeptide fragment and other fusion
polypeptide domains.

[0070] Immunoglobulin-based Oligomers. The polypep-
tides of the invention or fragments thereof can be fused to
molecules such as immunoglobulins for many purposes,
including increasing the valency of polypeptide binding
sites. For example, fragments of a IMX129840 cytokine
polypeptide can be fused directly or through linker
sequences to the Fc portion of an immunoglobulin. For a
bivalent form of the polypeptide, such a fusion could be to
the Fc portion of an IgG molecule. Other immunoglobulin
isotypes can also be used to generate such fusions. For
example, a polypeptide-IgM fusion would generate a
decavalent form of the polypeptide of the invention. The
term “Fc polypeptide” as used herein includes native and
mutein forms of polypeptides made up of the Fc region of an
antibody comprising any or all of the CH domains of the Fc
region. Truncated forms of such polypeptides containing the
hinge region that promotes dimerization are also included.
Preferred Fc polypeptides comprise an Fc polypeptide
derived from a human IgGI antibody. As one alternative, an
oligomer is prepared using polypeptides derived from
immunoglobulins. Preparation of fusion polypeptides com-
prising certain heterologous polypeptides fused to various
portions of antibody-derived polypeptides (including the Fc
domain) has been described, e.g., by Ashkenazi et al. (PNAS
USA 88:10535, 1991); By et al. (Nature 344:677, 1990);
and Hollenbaugh and Aruffo (“Construction of Immunoglo-
bulin Fusion Polypeptides”, in Current Protocols in Immu-
nology, Suppl. 4, pages 10.19.1-10.19.11, 1992). Methods
for preparation and use of immunoglobulin-based oligomers
are well known in the art. One embodiment of the present
invention is directed to a dimer comprising two fusion
polypeptides created by fusing a polypeptide of the inven-
tion to an Fc polypeptide derived from an antibody. A gene
fusion encoding the polypeptide/Fc fusion polypeptide is
inserted into an appropriate expression vector. Polypeptide/
Fc fusion polypeptides are expressed in host cells trans-
formed with the recombinant expression vector, and allowed
to assemble much like antibody molecules, whereupon
interchain disulfide bonds form between the Fc moieties to
yield divalent molecules. One suitable Fc polypeptide,
described in PCT application WO 93/10151, is a single
chain polypeptide extending from the N-terminal hinge
region to the native C-terminus of the Fc region of a human
IgGI antibody. Another useful Fc polypeptide is the Fc
mutein described in U.S. Pat. No. 5,457,035 and in Baum et
al., (FMBO J. 13:3992-4001, 1994). The amino acid
sequence of this mutein is identical to that of the native Fc
sequence presented in WO 93/10151, except that amino acid
19 has been changed from Leu to Ala, amino acid 20 has
been changed from Leu to Glu, and amino acid 22 has been
changed from Gly to Ala. The mutein exhibits reduced
affinity for Fe receptors. The above-described fusion
polypeptides comprising Fe moieties (and oligomers formed
therefrom) offer the advantage of facile purification by
affinity chromatography over Polypeptide A or Polypeptide
G columns. In other embodiments, the polypeptides of the
invention can be substituted for the variable portion of an






