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The invention provides isolated nucleic acids molecules, 
designated 18221 nucleic acid molecules, Which encode 

_ novel dual s eci?cit hos hatase famil members. The 
225 Frankhn Street invention alsg provid/esp antipsense nucleicyacid molecules, 
Boston’ MA 02110-2804 (Us) recombinant expression vectors containing 18221 nucleic 

acid molecules, host cells into Which the eX ression vectors 
(21) Appl' NO': 09/815’419 have been introduced, and nonhuman transgenic animals in 

- _ Which a 18221 gene has been introduced or disrupted. The 
(22) Flled' Mar‘ 22’ 2001 invention still further provides isolated 18221 proteins, 

Related US Application Data fusion proteins, antigenic peptides and anti-18221 antibod 
ies. Diagnostic methods utilizing compositions of the inven 

(63) Non_provisional of provisional application NO_ tion are also provided. The invention also provides methods 
60/191,858, ?led on Mar' 24, 2000 of modulating the differentiation and proliferation of 

hematopoietic cells (e.g., erythroid cells) utilizing the com 
Publication Classi?cation positions of the invention. Accordingly, methods of treating, 

preventing and/or diagnosing hematopoietic disorders are 
(51) Int. Cl.7 ....................... .. C07H 21/02; C07H 21/04; disclosed. 
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18221, A NOVEL DUAL SPECIFICITY 
PHOSPHATASE AND USES THEREOF 

RELATED APPLICATION 

[0001] This application claims priority to US. provisional 
application No. 60/191,858 ?led on Mar. 24, 2000, the 
contents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The intracellular phosphorylation of proteins is 
critical for a plethora of regulatory and signalling mecha 
nisms in eukaryotic cells. Phosphorylation events can gov 
ern a Wide range of cellular processes, including cell pro 
liferation, differentiation, transcription, and morphology. 
Serine/threonine protein kinases, also called serine protein 
kinases, are frequently utiliZed in signalling cascades as the 
activity of these enZymes can be ?nely regulated by stimuli. 
Acommon stimulus is phosphorylation of the serine protein 
kinase itself. Hence, signalling pathWays, such as the MAP 
protein kinase cascade, can contain multiple proteins kinases 
Which are sequentially activated. Ultimately, kinase cas 
cades can result in the phosphorylation of cytoskeletal 
proteins, transcription factors, and biosynthetic enZymes. 
Another class of kinases includes the receptor tyrosine 
kinases. Activated receptor tyrosine kinases not only auto 
phosphorylate, but phosphorylate other intracellular signal 
ling molecules, including those speci?cally bound to auto 
phosphorylated receptors. 

[0003] An essential component of the aforementioned 
signalling pathWays is the ability of the cell to desensitiZe, 
recycle, and counteract phosphorylation signals. The cell 
primarily utiliZes enZymes, termed phosphatases, Which 
remove the phosphate on tyrosine, serine, and threonine side 
chains. Dual speci?city phosphatases hydrolyZe phosphoty 
rosine, phosphothreonine, and phosphoserine residues (for a 
revieW, see, e.g., Fauman and Saper (1996) Trends in Bio 
chem. 211412). This class of proteins is exempli?ed by the 
VH1 or vaccinia virus late Hi gene protein, Whose catalytic 
activity is required for vaccinia virus replication. A human 
homolog of VH1, VHR, has also been identi?ed. VH1-like 
dual speci?city phosphatase can also include the phos 
phatases PAC-1 and CL100/MKP-1, hVH-2/MKP-2, hVH 
3, MKP-3, MKP-X, MKP-4, hVH-S, and M3/6 proteins. The 
PAC-1 and CL100 proteins hydrolyZe phosphothreonine and 
phosphotyrosine residues on phosphorylated MAP (mitogen 
activated protein) kinases. In order to modulate signalling 
events, the activity and eXpression of dual speci?city phos 
phatases can be ?nely regulated. For eXample, the PAC-1 
and CL100 phosphatase can be induced by groWth factors 
(Keyse, S (1995) Biochim. Biophys. Actal2651152-160). 
[0004] Thus, the function of dual speci?city phosphatase 
proteins can be critical for the regulation of cellular pro 
cesses such as proliferation and differentiation. Given the 
important biological roles and properties of tyrosine phos 
phatases, there eXists a need for the identi?cation of novel 
genes encoding such proteins as Well as for the discovery of 
modulators of such molecules for use in regulating a variety 
of normal and/or pathological cellular processes. 

SUMMARY OF THE INVENTION 

[0005] The present invention is based, in part, on the 
discovery of a novel dual speci?city phosphatase, referred to 

May 30, 2002 

herein as “18221” nucleic acid and protein molecules. The 
nucleotide sequence of the cDNA encoding 18221 is shoWn 
in SEQ ID NO: 1, and the amino acid sequence of 18221 
polypeptide is shoWn in SEQ ID NO:2. In addition, the 
nucleotide sequence of the 18221 coding region is depicted 
in SEQ ID N013. 

[0006] Accordingly, in one aspect, the invention features a 
nucleic acid molecule that encodes a 18221 protein or 
polypeptide, e.g., a biologically active portion of the 18221 
protein. In a preferred embodiment, the isolated nucleic acid 
molecule encodes a polypeptide having the amino acid 
sequence of SEQ ID NO:2. In other embodiments, the 
invention provides isolated 18221 nucleic acid molecules 
having the nucleotide sequence shoWn in SEQ ID NO: 1, 
SEQ ID NO:3, or the sequence of the DNA insert of the 
plasmids deposited With the ATCC as Accession 
Number . In still other embodiments, the invention 
provides nucleic acid molecules that are substantially iden 
tical (e.g., naturally occurring allelic variants) to the nucle 
otide sequence shoWn in SEQ ID NO:1, SEQ ID NO:3, or 
the sequence of the DNA insert of the plasmids deposited 
With the ATCC as Accession Number . In other 

embodiments, the invention provides a nucleic acid mol 
ecule that hybridiZes under a stringent hybridiZation condi 
tion as described herein to a nucleic acid molecule compris 
ing the nucleotide sequence of SEQ ID NOs: 1, 3, or the 
sequence of the DNA insert of the plasmid deposited With 
the AT CC as Accession Number , Wherein the nucleic acid 
encodes a full length 18221 protein or an active fragment 
thereof. 

[0007] In a related aspect, the invention further provides 
nucleic acid constructs that include the 18221 nucleic acid 
molecules described herein. In certain embodiments, the 
nucleic acid molecules of the invention are operatively 
linked to native or heterologous regulatory sequences. Also 
included are vectors and host cells containing the 18221 
nucleic acid molecules of the invention, e.g., vectors and 
host cells suitable for producing 18221 nucleic acid mol 
ecules and polypeptides. 

[0008] In another related aspect, the invention provides 
nucleic acid fragments suitable as primers or hybridiZation 
probes for the detection of 18221-encoding nucleic acids. 

[0009] In still another related aspect, isolated nucleic acid 
molecules that are antisense to a 18221 encoding nucleic 
acid molecule are provided. 

[0010] In another aspect, the invention features 18221 
polypeptides and biologically active or antigenic fragments 
thereof that are useful, e.g., as reagents or targets in assays 
applicable to treatment and diagnosis of 18221 mediated or 
related disorders, e.g., hematopoietic disorders (e.g., eryth 
roid associated disorders). In another embodiment, the 
invention provides 18221 polypeptides having a 18221 
activity. Preferred polypeptides are 18221 proteins including 
at least one dual speci?city phosphatase catalytic domain, 
and, preferably, having a 18221 activity, e.g., a 18221 
activity as described herein. 

[0011] In other embodiments, the invention provides 
18221 polypeptides, e.g., a 18221 polypeptide having the 
amino acid sequence shoWn in SEQ ID NO:2; the amino 
acid sequence encoded by the cDNA insert of the plasmid 
deposited With the AT CC as Accession Number ; an 
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amino acid sequence that is substantially identical to the 
amino acid sequence shown in SEQ ID NO:2; or an amino 
acid sequence encoded by a nucleic acid molecule having a 
nucleotide sequence that hybridiZes under a stringent 
hybridization condition as described herein to a nucleic acid 
molecule comprising the nucleotide sequence of SEQ ID 
NOs: 1, 3, or the sequence of the DNA insert of the plasmid 
deposited With the ATCC as Accession Number , 
Wherein the nucleic acid encodes a full length 18221 protein 
or an active fragment thereof. 

[0012] In a related aspect, the invention provides 18221 
polypeptides or fragments operatively linked to non-18221 
polypeptides to form fusion proteins. 

[0013] In another aspect, the invention features antibodies 
and antigen-binding fragments thereof, that react With, or 
more preferably, speci?cally bind 18221 polypeptides. 

[0014] In another aspect, the invention provides methods 
of screening for compounds that modulate the expression or 
activity of the 18221 polypeptides or nucleic acids. 

[0015] In still another aspect, the invention provides a 
process for modulating 18221 polypeptide or nucleic acid 
expression or activity, eg using the screened compounds. In 
certain embodiments, the methods involve treatment of 
conditions related to decreased activity or expression of the 
18221 polypeptides or nucleic acids, such as conditions 
involving aberrant cellular proliferation of a 18221-express 
ing cell, e.g., a hematopoeitic cell (e.g., a myeloid (neutro 
phil) cell, a monocyte, an erythroid cell, a bone marroW cell, 
a CD34-expressing cell, a megakaryocyte). The condition 
may involve increased hematopoeitic cell activity or prolif 
eration as in the case of leukemia, e.g., an erythroleukemia; 
or decreased hematopoietic cell differentiation as in the case 
of, e.g., an anemia. 

[0016] In still another aspect, the invention features a 
method of modulating (e.g., enhancing or inhibiting) the 
proliferation, survival, and/or differentiation of a cell, e.g., a 
18221-expressing cell, e.g., a hematopoietic cell (e.g., a 
myeloid (neutrophil) cell, a monocyte, an erythroid cell, a 
bone marroW cell, a CD34-expressing cell, a megakaryo 
cyte). The method includes contacting the cell With an agent 
that modulates the activity or expression of a 18221 
polypeptide or nucleic acid, in an amount effective to 
modulate the proliferation and/or differentiation of the cell. 

[0017] In a preferred embodiment, the 18221 polypeptide 
has an amino acid sequence identical to, or substantially 
identical to, SEQ ID NO:2. In other embodiments, the 18221 
polypeptide is a fragment of at least 15, 20, 50, 100, 150, 
180, 200, or more contiguous amino acids of SEQ ID NO:2. 

[0018] In a preferred embodiment, the 18221 nucleic acid 
has a nucleotide sequence identical to, or substantially 
identical to, SEQ ID NOs:1 or 3. In other embodiments, the 
18221 nucleic acid is a fragment of at least 50, 100, 150, 
200, 250, 300, 350, 400, 450, 500, 550, 600, or more 
contiguous nucleotides of SEQ ID NOs:1 or 3. 

[0019] In a preferred embodiment, the agent modulates 
(e.g., increases or decreases) protein phosphatase activity. 

[0020] In a preferred embodiment, the agent modulates 
(e. g., increases or decreases) expression of the 18221 nucleic 
acid by, e.g., modulating transcription, mRNA stability, etc. 
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[0021] In preferred embodiments, the agent is a peptide, a 
phosphopeptide, a small molecule, e.g., a member of a 
combinatorial library, or an antibody, or any combination 
thereof. The antibody can be conjugated to a therapeutic 
moiety selected from the group consisting of a cytotoxin, a 
cytotoxic agent and a radioactive metal ion. 

[0022] In additional preferred embodiments, the agent is 
an antisense, a riboZyme, or a triple helix molecule, or an 
18221 nucleic acid, or any combination thereof. 

[0023] In a preferred embodiment, the agent is adminis 
tered in combination With a cytotoxic agent. 

[0024] In a preferred embodiment, the cell, e.g., the 
18221-expressing cell, is a hematopoietic cell, e.g., a 
myeloid, lymphoid or erythroid cell, or a precursor cell 
thereof. Examples of such cells include myelocytic cells 
(polymorphoneuclear cells), erythrocytic cells, lympho 
cytes, monocytes, reticular cells, plasma cells and mega 
karyocytes, as Well as stem cells for the different lineages, 
and precursors for the committed progenitor cells, for 
example, precursors of red blood cells (erythroblasts), mac 
rophages (monoblasts), platelets (megakaryocytes), poly 
morphoneuclear leucocytes (myeloblasts), and lymphocytes 
(lymphoblasts). 
[0025] In a preferred embodiment, the cell, e.g., the 
18221-expressing cell, is a bone marroW cell, e.g., a bone 
marroW CD34-expressing cell. Examples of CD34-express 
ing cells include immature haematopoietic precursor cells, 
haematopoietic colony-forming cells in bone marroW, 
including unipotent (CFU-GM, BFU-E) and pluripotent 
progenitors (CFU-GEMM, CFU-Mix and CFU-blast); as 
Well as stromal cell precursors, terminal deoxynucleotidyl 
transferase (TdT) expressing B- and T-lymphoid precursors, 
early myeloid cells and early erythroid cells. 

[0026] In a preferred embodiment, the cell, e.g., the 
18221-expressing cell, is a bone marroW erythroid cell, e.g., 
an erythroid progenitor (e.g., a GPA(loW)CD71+ cell) or a 
differentiated cell, e.g., an erythrocyte or a megakaryocyte. 

[0027] In a preferred embodiment, the cell, e.g., the 
18221-expressing cell, is further contacted With a protein, 
e.g., a cytokine. Preferably, the protein is selected from the 
group consisting of G-CSF, GM-CSF, stem cell factor, and 
preferably erythropoietin. The protein contacting step can 
occur before, at the same time, or after the agent is con 
tacted. The protein contacting step can be effected in vitro or 
ex vivo. For example, the cell, e.g., the 18221-expressing 
cell is obtained from a subject, e.g., a patient, and contacted 
With the protein ex vivo. The treated cell can be re-intro 
duced into the subject. Alternatively, the protein contacting 
step can occur in vivo. 

[0028] In a preferred embodiment, the agent and the 
18221-polypeptide or nucleic acid are contacted in vitro or 
ex vivo. 

[0029] In a preferred embodiment, the contacting step is 
effected in vivo in a subject, e.g., as part of a therapeutic or 
prophylactic protocol. Preferably, the subject is a human, 
e.g., a patient With a hematopoietic disorder, e. g., a leukemia 
or an erythroid-associated disorder. For example, the subject 
can be a patient With an anemia, e.g., hemolytic anemia, 
aberrant erythropoiesis, secondary anemia in non-hematolic 
disorders, anemia of chronic disease such as chronic renal 
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failure; endocrine de?ciency disease; and/or erythrocytosis 
(e.g., polycythemia). Alternatively, the subject can be a 
cancer patient, e.g., a patient With leukemic cancer, e.g., an 
erythroid leukemia, or a carcinoma, e.g., a renal carcinoma. 
In other embodiments, the subject is a non-human animal, 
e.g., an experimental animal. 

[0030] The contacting step(s) can be repeated. 

[0031] In a preferred embodiment, the agent decreases the 
proliferation and/or enhances the differentiation of the cell, 
e.g., the 18221-expressing cell, e.g., the hematopoietic cell 
(e.g., the myeloid (neutrophil) cell, the monocyte, the eryth 
roid cell, the bone marroW cell, the CD34-expressing cell, 
the megakaryocyte). Such agents can be used to treat or 
prevent cancers, e.g., leukemic cancers. 

[0032] In a preferred embodiment, the agent increases the 
number of hematopoietic cells (e.g., myeloid (neutrophil) 
cells, monocytes, erythroid cells, bone marroW cells, CD34 
expressing cells, megakaryocytes), by e.g., increasing the 
proliferation, survival, and/or stimulating the differentiation, 
of progenitor cells. Such agents can be used to treat or 
prevent hematopoietic disorders, e.g., anemias (e.g., 
hemolytic anemias, aberrant erythropoiesis, secondary ane 
mias in nonhematolic disorders, anemias of chronic diseases 
such as chronic renal failure; endocrine de?ciency diseases; 
and/or erythrocytosis, e.g., polycythemias). 

[0033] In another aspect, the invention features a method 
of modulating hematopoiesis, e.g., erythropoiesis, compris 
ing contacting a 18221-expressing cell, e.g., a hematopoietic 
cell, (e.g., a myeloid (neutrophil) cell, a monocyte, an 
erythroid cell, a bone marroW cell, a CD34-expressing cell, 
a megakaryocyte), With a agent that increases or decreases 
the activity or expression of a 18221 polypeptide or nucleic 
acid, thereby modulating the differentiation of the hemato 
poietic cell. 

[0034] In a preferred embodiment, the 18221 polypeptide 
has an amino acid sequence identical to, or substantially 
identical to, SEQ ID NO:2. In other embodiments, the 18221 
polypeptide is a fragment of at least 15, 20, 50, 100, 150, 
180, 200, or more contiguous amino acids of SEQ ID NO:2. 

[0035] In a preferred embodiment, the 18221 nucleic acid 
has a nucleotide sequence identical to, or substantially 
identical to, SEQ ID NOs:1 or 3. In other embodiments, the 
18221 nucleic acid is a fragment of at least 50, 100, 150, 
200, 250, 300, 350, 400, 450, 500, 550, 600, or more 
contiguous nucleotides of SEQ ID NOs:1 or 3. 

[0036] In a preferred embodiment, the agent modulates 
(e.g., increases or decreases) protein phosphatase activity. 

[0037] In preferred embodiments, the agent is a peptide, a 
phosphopeptide, a small molecule, e.g., a member of a 
combinatorial library, or an antibody, or any combination 
thereof. The antibody can be conjugated to a therapeutic 
moiety selected from the group consisting of a cytotoxin, a 
cytotoxic agent and a radioactive metal ion. 

[0038] In additional preferred embodiments, the agent is 
an antisense, a riboZyme, or a triple helix molecule, or an 
18221 nucleic acid, or any combination thereof. 

[0039] In a preferred embodiment, the agent is adminis 
tered in combination With a cytotoxic agent. 
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[0040] In a preferred embodiment, the hematopoeitic cell 
is a myeloid (neutrophil) cell, a monocyte, an erythroid cell, 
a bone marroW cell, a CD34-expressing cell, a megakaryo 
cyte an erythroid cell, e.g., an erythroid progenitor or 
differentiated cell. 

[0041] In a preferred embodiment, the hematopoeitic cell 
is a bone marroW CD34-expressing cell. 

[0042] In a preferred embodiment, the agent and the 
18221-polypeptide or nucleic acid are contacted in vitro or 
ex vivo. 

[0043] In a preferred embodiment, the contacting step is 
effected in vivo in a subject, e.g., as part of a therapeutic or 
prophylactic protocol. Preferably, the subject is a human, 
e.g., a patient With a hematopoietic disorder or an erythroid 
associated disorder. Alternatively, the subject can be a 
cancer patient, e.g., a patient With leukemic cancer, e.g., an 
erythroid leukemia. In other embodiments, the subject is a 
non-human animal, e.g., an experimental animal. 

[0044] In a preferred embodiment, the method further 
includes contacting of the erythroid cell With a protein, e.g., 
a cytokine. Preferably, the protein is selected from the group 
consisting of G-CSF, GM-CSF, stem cell factor, and pref 
erably erythropoietin. The protein contacting step can occur 
before, at the same time, or after the agent is contacted. The 
protein contacting step can be effected in vitro or ex vivo. 
For example, the cell, e.g., the erythroid cell can be obtained 
from a subject, e.g., a patient, and contacted With the protein 
ex vivo. The treated cell can be re-introduced into the 
subject. Alternatively, the protein contacting step can occur 
in vivo. 

[0045] The contacting step(s) can be repeated. 

[0046] In a preferred embodiment, the agent increases the 
number of hematopoietic cells (e.g., myeloid (neutrophil) 
cells, monocytes, erythroid cells, bone marroW cells, CD34 
expressing cells, megakaryocytes), by e.g., increasing the 
proliferation, survival, and/or stimulating the differentiation, 
of progenitor cells. Such agents can be used to treat or 
prevent hematopoietic disorders, e.g., anemias (e.g., 
hemolytic anemias, aberrant erythropoiesis, secondary ane 
mias in nonhematolic disorders, anemias of chronic diseases 
such as chronic renal failure; endocrine de?ciency diseases; 
and/or erythrocytosis, e.g., polycythemias). 

[0047] In yet another aspect, the invention features a 
method of treating or preventing a hematopoietic disorder, 
e.g., an erythroid-associated disorder, in a subject. The 
method includes administering to the subject an effective 
amount of a agent that modulates the activity or expression 
of a 18221 polypeptide or nucleic acid such that the hemato 
poietic disorder is ameliorated or prevented. 

[0048] In a preferred embodiment, the 18221 polypeptide 
has an amino acid sequence identical to, or substantially 
identical to, SEQ ID NO:2. In other embodiments, the 18221 
polypeptide is a fragment of at least 15, 20, 50, 100, 150, 
180, 200, or more contiguous amino acids of SEQ ID NO:2. 

[0049] In a preferred embodiment, the 18221 nucleic acid 
has a nucleotide sequence identical to, or substantially 
identical to, SEQ ID NOs:1 or 3. In other embodiments, the 
18221 nucleic acid is a fragment of at least 50, 100, 150, 
200, 250, 300, 350, 400, 450, 500, 550, 600, or more 
contiguous nucleotides of SEQ ID NOs:1 or 3. 
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[0050] In a preferred embodiment, the agent modulates 
(e.g., increases or decreases) protein phosphatase activity. 

[0051] In a preferred embodiment, the agent modulates 
(e. g., increases or decreases) expression of the 18221 nucleic 
acid by, e.g., modulating transcription, mRNA stability, etc. 

[0052] In preferred embodiments, the agent is a peptide, a 
phosphopeptide, a small molecule, e.g., a member of a 
combinatorial library, or an antibody, or any combination 
thereof. The antibody can be conjugated to a therapeutic 
moiety selected from the group consisting of a cytotoxin, a 
cytotoxic agent and a radioactive metal ion. 

[0053] In additional preferred embodiments, the agent is 
an antisense, a riboZyme, or a triple helix molecule, or an 
18221 nucleic acid, or any combination thereof. 

[0054] In a preferred embodiment, the agent is adminis 
tered in combination With a cytotoxic agent. 

[0055] In a preferred embodiment, the subject is a human, 
e.g., a patient With a hematopoietic disorder, e.g., an eryth 
roid-associated disorder. For example, the subject can be a 
patient With a leukemia. Alternatively, the subject can be a 
patient With an anemia, e.g., hemolytic anemia, aberrant 
erythropoiesis, secondary anemia in nonhematolic disorders, 
anemia of chronic disease such as chronic renal failure; 
endocrine de?ciency disease; and/or erythrocytosis (e.g., 
polycythemia). Alternatively, the subject can be a cancer 
patient, e.g., a patient With a carcinoma, e.g., a renal carci 
noma. In other embodiments, the subject is a non-human 
animal, e.g., an experimental animal. 

[0056] In a preferred embodiment, the agent decreases the 
proliferation and/or enhances the differentiation of a cell, 
e.g., a 18221-expressing cell, e.g., a hematopoeitic cell (e.g., 
a myeloid (neutrophil) cell, a monocyte, an erythroid cell, a 
bone marroW cell, a CD34-expressing cell, a megakaryo 
cyte), in the subject. Such agents can be used to treat or 
prevent cancers, e.g., leukemic cancers. 

[0057] In a preferred embodiment, the agent increases the 
number of hematopoietic cells (e.g., myeloid (neutrophil) 
cells, monocytes, erythroid cells, bone marroW cells, CD34 
expressing cells, megakaryocytes), by e.g., increasing the 
proliferation, survival, and/or stimulating the differentiation, 
of progenitor cells. Such agents can be used to treat or 
prevent hematopoietic disorders, e.g., anemias (e.g., 
hemolytic anemias, aberrant erythropoiesis, secondary ane 
mias in nonhematolic disorders, anemias of chronic diseases 
such as chronic renal failure; endocrine de?ciency diseases; 
and/or erythrocytosis, e.g., polycythemias). 

[0058] In a preferred embodiment, the disorder is a 
hematopoietic disorder or an erythroid-associated disorder. 

[0059] In a preferred embodiment, the disorder is a cancer, 
e.g., a leukemic cancer, e.g., an erythroid leukemia, or a 
carcinoma, e.g., a renal carcinoma. 

[0060] In a preferred embodiment, the method further 
includes administering an effective amount of a protein, e.g., 
a cytokine. Preferably, the protein is selected from the group 
consisting of G-CSF, GM-CSF, stem cell factor, and eryth 
ropoietin to the subject. The protein can be administered 
before, at the same time or after, administration of the agent. 

[0061] The administration of the agent and/or protein can 
be repeated. 
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[0062] In still another aspect, the invention features a 
method for evaluating the efficacy of a treatment of a 
disorder, in a subject. The method includes treating a subject 
With a protocol under evaluation; assessing the expression of 
a 18221 nucleic acid or 18221 polypeptide, such that a 
change in the level of 18221 nucleic acid or 18221 polypep 
tide after treatment, relative to the level before treatment, is 
indicative of the efficacy of the treatment of the disorder. 

[0063] In a preferred embodiment, the disorder is a 
hematopoietic disorder or an erythroid-associated disorder. 

[0064] In a preferred embodiment, the disorder is a cancer, 
e.g., leukemic cancer, e.g., an erythroid leukemia, or a 
carcinoma, e.g., a renal carcinoma 

[0065] 
[0066] In a preferred embodiment, the subject is an experi 
mental animal, e.g., an animal model for a hematopoietic 
(e.g., an erythroid-) associated disorder. 

[0067] In a preferred embodiment, the method can further 
include treating the subject With a protein, e.g., a cytokine. 
Preferably, the protein is selected from the group consisting 
of G-CSF, GM-CSF, stem cell factor, and erythropoietin 
prior to assessing expression levels. 

In a preferred embodiment, the subject is a human. 

[0068] The invention also features a method of diagnosing 
a disorder, e.g., hematopoietic disorder (e.g., an erythroid 
associated disorder), in a subject. The method includes 
evaluating the expression or activity of a 18221 nucleic acid 
or a 18221 polypeptide, such that, a difference in the level 
of 18221 nucleic acid or 18221 polypeptide relative to a 
normal subject or a cohort of normal subjects is indicative of 
the disorder. 

[0069] 
[0070] In a preferred embodiment, the evaluating step 
occurs in vitro or ex vivo. For example, a sample, e.g., a 
blood sample, is obtained from the subject. 

[0071] In a preferred embodiment, the evaluating step 
occurs in vivo. For example, by administering to the subject 
a detectably labeled agent that interacts With the 18221 
nucleic acid or polypeptide, such that a signal is generated 
relative to the level of activity or expression of the 18221 
nucleic acid or polypeptide. 

[0072] In a preferred embodiment, the disorder is a 
hematopoietic disorder, e.g., a hematopoietic disorder as 
described herein. 

[0073] In a preferred embodiment, the disorder is an 
erythroid-associated disorder, e.g., an erythroid-associated 
disorder as described herein. 

In a preferred embodiment, the subject is a human. 

[0074] The invention also provides assays for determining 
the activity of or the presence or absence of 18221 polypep 
tides or nucleic acid molecules in a biological sample, 
including for disease diagnosis. 

[0075] In further aspect, the invention provides assays for 
determining the presence or absence of a genetic alteration 
in a 18221 polypeptide or nucleic acid molecule, including 
for disease diagnosis. 

[0076] In yet another aspect, the invention features a 
method for identifying an agent, e.g., a compound, Which 
modulates the activity of a 18221 polypeptide, e.g., a 18221 
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polypeptide as described herein, or the expression of a 
18221 nucleic acid, e.g., a 18221 nucleic acid as described 
herein, including contacting the 18221 polypeptide or 
nucleic acid With a test agent (e.g., a test compound); and 
determining the effect of the test compound on the activity 
of the polypeptide or nucleic acid to thereby identify a 
compound Which modulates the activity of the polypeptide 
or nucleic acid. 

[0077] In a preferred embodiment, the activity of the 
18221 polypeptide is protein phosphatase activity. 

[0078] In a preferred embodiment, the activity of the 
18221 polypeptide is hematopoiesis, e.g., erythropoiesis. 

[0079] In a preferred embodiment, the activity of the 
18221 polypeptide is proliferation, differentiation, and/or 
survival of a cell, e.g., a 18221-expressing cell, e.g., a 
hematopoietic cell (e. g., a myeloid (neutrophil) cell, a mono 
cyte, an erythroid cell, a bone marroW cell, a CD34-express 
ing cell, a megakaryocyte). 

[0080] In preferred embodiments, the agent is a peptide, a 
phosphopeptide, a small molecule, e.g., a member of a 
combinatorial library, or an antibody, or any combination 
thereof. 

[0081] In additional preferred embodiments, the agent is 
an antisense, a riboZyme, or a triple helix molecule, or an 
18221 nucleic acid, or any combination thereof. 

[0082] In another aspect, the invention features a tWo 
dimensional array having a plurality of addresses, each 
address of the plurality being positionally distinguishable 
from each other address of the plurality, and each address of 
the plurality having a unique capture probe, e.g., a nucleic 
acid or peptide sequence. At least one address of the 
plurality has a capture probe that recogniZes an 18221 
molecule. In one embodiment, the capture probe is a nucleic 
acid, e.g., a probe complementary to an 18221 nucleic acid 
sequence. In another embodiment, the capture probe is a 
polypeptide, e.g., an antibody speci?c for 18221 polypep 
tides. Also featured is a method of analyZing a sample by 
contacting the sample to the aforementioned array and 
detecting binding of the sample to the array. 

[0083] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description, and 
from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0084] FIG. 1 depicts a cDNA sequence (SEQ ID NO:1) 
and predicted amino acid sequence (SEQ ID NO:2) of 
human 18221. The methionine-initiated open reading frame 
of human 18221 (Without the 5‘ and 3‘ untranslated regions) 
starts at nucleotide 381 and ends at nucleotide 1034 of SEQ 
ID NO11 (shoWn also as coding sequence (SEQ ID NO13)). 

[0085] FIG. 2 depicts a hydropathy plot of human 18221. 
The numbers corresponding to the amino acid sequence of 
human 18221 are indicated. Polypeptides of the invention 
include 18221 fragments that include: all or part of a 
hydrophobic sequence (a sequence above the dashed line, 
e.g., all or part of the sequence from about residue 141 to 
about residue 151 of SEQ ID NO:2); and/or all or part of a 
hydrophilic fragment (e. g., a fragment beloW the dashed line 
such as from about residue 61 to about residue 81 of SEQ ID 
NO:2). Other fragments include cysteine residues. 
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[0086] FIGS. 3A-3B depict alignments of the dual speci 
?city phosphatase domain (dsp) of human 18221 amino acid 
sequence With a consensus amino acid sequence derived 
from a hidden Markov model. 

[0087] In FIG. 3A, the upper sequence is the DSPc 
consensus amino acid sequence (SEQ ID NO:4) from 
PFAM, While the loWer amino acid sequence corresponds to 
amino acids 65 to 203 of SEQ ID NO:2. FIG. 12B depicts 
alignment of a dsp 5 domain consensus sequence (SEQ ID 
NO15) from SMART With amino acids 65 to 203 of 18221 
(SEQ ID NO:2). 
[0088] FIG. 4 depicts a series of plots summariZing an 
analysis of the primary and secondary protein structure of 
human 18821. The particular algorithm used for each plot is 
indicated at the right hand side of each plot. The particular 
algorithm used for each plot is indicated at the right hand 
side of each plot. The numbers corresponding to the amino 
acid sequence of human 18821 are indicated. Polypeptide 
fragments of the invention include polypeptides Which have 
all or part of any of the regions described in this ?gure. Also 
included are variants having a mutation in a selected region 
shoWn in this ?gure. 

[0089] The folloWing plots are depicted: Garnier-Robson 
plots providing the predicted location of alpha-, beta-, turn 
and coil regions (Garnier et al. (1978) J. Mol. Biol. 120197); 
Chou-Fasman plots providing the predicted location of 
alpha-, beta-, turn and coil regions (Chou and Fasman 
(1978) Adv. In Enzymol. Mal. 47145-148); Kyte-Doolittle 
hydrophilicity/hydrophobicity plots (Kyte and Doolittle 
(1982) J. Mol. Biol. 1571105-132); Eisenberg plots provid 
ing the predicted location of alpha- and beta-amphipathic 
regions (Eisenberg et al. (1982) Nature 2991371-374); a 
Karplus-SchultZ plot providing the predicted location of 
?exible regions (Karplus and SchulZ (1985) Naturwissens 
Chafen 721212-213); a plot of the antigenic index (Jameson 
Wolf) (Jameson and Wolf (1988) CABIOS 41121-136); and 
a surface probability plot (Emini algorithm) (Emini et al. 
(1985) J. Viral. 551836-839). 
[0090] FIG. 5 is a bar graph depicting relative 18821 
mRNA expression as determined by TaqMan assays on 
mRNA derived from the human lung, colon, spleen, fetal 
liver (e.g., fetal liver CD34-expressing cells), skeletal 
muscle, bone marroW cells (e.g., bone marroW CD34-ex 
pressing cells), mobiliZed peripheral CD34+ cells (mPB 
CD34), and bone marroW GPA loW cells (BM GPA loW). 
High levels of expression Were detected in the fetal liver and 
particularly in fetal liver CD34-positive cells, skeletal 
muscle, lung, bone marroW CD34-expressing cells, mobi 
liZed peripheral blood (mPB), and bone marroW glycophorin 
A (GPA loW) cells. 
[0091] FIG. 6 is a bar graph depicting relative 18821 
mRNA expression as determined by TaqMan assays on 
mRNA derived from hematological human samples, e.g., 
erythroid cells (ery), megakaryocytes (meg), neutrophils, 
platelets, granulocytes, mast cells, fetal liver CD34+ cells, 
and erythroid burst forming units. In some samples, mRNA 
expression Was detected at the indicated times in culture 
(e.g., 24 hrs., 48 hrs., days in culture). High levels of 18821 
mRNA expression Were detected in mast cells, fetal liver 
CD34-positive cells, and in vitro generated erythroblasts and 
megakaryocytes. 
[0092] FIG. 7 is a bar graph depicting relative 18821 
mRNA expression as determined by TaqMan assays using a 
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second probe on mRNA derived from tissues including cord 
blood, fetal liver, kidney, in vitro generated erythroblasts, 
and bone marrow erythroid progenitors, e.g., glycophorin A 
positive bone marroW (BM GPA loW CD71+ (transferrin 
receptor-expressing) cells), and CD34+ bone marroW. High 
levels of 18821 mRNA expression Were detected in bone 
marroW erythroid progenitors (BM GPA loW CD71+), in 
vitro generated erythroblasts, and fetal liver CD34-express 
ing cells, Whereas loWer expression Was detected in the 
kidney and skeletal muscle. 

[0093] FIG. 8 is a bar graph depicting relative 18821 
mRNA expression as determined by TaqMan assays on 
mRNA from hematopoietic tissues including K562 cells, an 
erythroid-megakaryocyte line, in vitro generated erythro 
blasts, megakaryocytes, neutrophils, erythroid burst forming 
units (treated With erythropoietin (epo) and untreated), as 
Well as mast cells, and granulocytes. In some samples, 
mRNA expression Was detected at the indicated times in 
culture (e.g., 24 hrs., 48 hrs., days in culture). Expression 
Was upregulated folloWing exposure of CD34-expressing 
progenitor cells to cytokines and hormones. For example, 
18821 mRNA Was upregulated in erythroid burst forming 
units after exposure to erythropoietin (cf. BFU d7 LP95 With 
BFU d7+3 epo). 

[0094] FIG. 9 is a bar graph depicting relative 18821 
mRNA expression as determined by TaqMan assays on 
mRNA derived from the indicated hematopoietic tissues and 
cell lines. High levels of expression Were detected in eryth 
roid cells, K562 and Molt 4 cell lines, as Well as hepatic 
tissues. 

[0095] FIG. 10 is a bar graph depicting relative 18821 
mRNA expression as determined by TaqMan assays on 
mRNA derived from the indicated tissues and cell lines. 

DETAILED DESCRIPTION 

[0096] The human 18221 sequence (FIG. 1; SEQ ID 
NO:1), Which is approximately 1292 nucleotides long 
including untranslated regions, contains a predicted 
methionine-initiated coding sequence of about 654 nucle 
otides (nucleotides 381 to 1034 of SEQ ID NO: 1; SEQ ID 
NO:3). The coding sequence encodes a 218 amino acid 
protein (SEQ ID NO:2). 
[0097] Human 18221 contains the folloWing regions or 
other structural features: 

[0098] a dual speci?city phosphatase, catalytic 
domain (PF00782) located from about amino acid 
residue 65 to 203 of SEQ ID NO:2; 

[0099] a “C-XS-R” motif, located at about amino acid 
residues 150 to 156 of SEQ ID NO:2, including an 
active site cysteine at about amino acid 150 of SEQ 
ID NO:2, and an active site arginine at about amino 
acid 156 of SEQ ID NO:2; 

[0100] a “VXVH” domain preceding the active site 
cysteine located at about amino acid residues 146 to 
149 of SEQ ID N012 (Muda et al. (1996) J. Biol 
Chem 271127205); 

[0101] a conserved general acid, aspartic acid at 
about residue 119 of SEQ ID NO:2; 

[0102] one predicted glycosaminoglycan attachment 
site (PS00002) at amino acids 50 to 53 of SEQ ID 
NO:2; 
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[0103] ?ve predicted Protein Kinase C phosphoryla 
tion sites (PS00005) at about amino acids 27 to 29, 
34 to 36, 86 to 88, 111 to 113, and 206 to 208 of SEQ 
ID NO:2; 

[0104] three casein kinase II phosphorylation sites 
(PS00006) at amino acids 34 to 37, 116 to 119, and 
199 to 202 of SEQ ID NO:2; 

our pre 1cte -myr1stoy at1on sites 0105 f d' d N ' 1 ' ' 

(PS00008) from about amino acid 51 to 56, 76 to 81, 
101 to 106, and 153 to 158 of SEQ ID NO:2; and 

[0106] one predicted amidation site (PS00009) at 
amino acids 27 to 30 of SEQ ID NO:2. 

[0107] A plasmid containing the nucleotide sequence 
encoding human 18221 (clone “Fbh18221FL”) Was depos 
ited With the American Type Culture Collection (ATCC), 
10801 University Boulevard, Manassas, Va. 20110-2209, 
on and assigned Accession Number . This 
deposit Will be maintained under the terms of the Budapest 
Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purposes of Patent Procedure. This 
deposit Was made merely as a convenience for those of skill 
in the art and is not an admission that a deposit is required 
under 35 U.S.C. § 112. 

[0108] For general information regarding PFAM identi? 
ers, PS pre?x and PF pre?x domain identi?cation numbers, 
refer to Sonnhammer et al. (1997) Protein 28:405-420 and 
http://WWW.psc.edulgeneral/ softWare/packages/pfam/pfam 
.html. 

[0109] 18221 proteins contains a signi?cant number of 
structural characteristics in common With members of the 
tyrosine phosphatase family, and in particular, dual speci 
?city phosphatase family. The term “family” When referring 
to the protein and nucleic acid molecules of the invention 
means tWo or more proteins or nucleic acid molecules 
having a common structural domain or motif and having 
suf?cient amino acid or nucleotide sequence homology as 
de?ned herein. Such family members can be naturally or 
non-naturally occurring and can be from either the same or 
different species. For example, a family can contain a ?rst 
protein of human origin as Well as other distinct proteins of 
human origin, or alternatively, can contain homologues of 
non-human origin, e.g., rat or mouse proteins. Members of 
a family can also have common functional characteristics. 

[0110] Dual speci?city phosphatase proteins are charac 
teriZed by a common fold. Examples of members of the dual 
speci?city phosphatase family include MAP kinase phos 
phatase-1 (MKP-1), Which dephosphorylates MAP kinase 
on both threonine and tyrosine residues and a human, 
vaccinia H1-related phosphatase (VHR), Which also 
removes the phosphate from phosphothreonine and phos 
photyrosine residues. Dual speci?city phosphatases are 
exempli?ed by the VH1 or vaccinia virus late H1 gene 
protein, Which hydrolyZes both phosphotyrosine, phospho 
threonine, and phosphoserine. VH1 catalytic activity is 
required for viral replication. A human homolog of VH1, 
VHR, has been identi?ed. The three dimensional structure of 
this family is based on models from x-ray crystallographic 
data of protein tyrosine phosphatases, and human VHR. The 
VHR structure includes a core domain consisting of a 
?ve-stranded mixed [3-sheet and six ot-helices. This structure 
closely superimposes on the structure of phosphotyrosine 
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protein phosphatases. However, dual speci?city phos 
phatases lack the KNRY motif, and the N-terminal structures 
of tyrosine protein phosphatases Which endoW these 
enZymes With a deep active site speci?c for aryl phosphates. 
Thus, dual speci?city phosphatases have a shallower active 
site relative to tyrosine protein phosphatases and can accom 
modate phosphoserine and phosphothreonine substrates. 
Even so dual speci?city phosphatases can have a greater 
than 50-fold faster rate of phosphatase activity for phospho 
tyrosine substrates than phosphothreonine or phosphoserine 
substrates. 

[0111] Similar to the broader class of phosphatases, dual 
speci?city phosphatases have a highly conserved active site 
including three catalytic residues, a cysteine, an arginine, 
and an aspartic acid. The active site cysteine and arginine are 
found in the “C-XS-R” motif of the tyrosine phosphatase 
signature (Prosite PS00383). This motif forms a binding 
pocket for three of the phosphate oXyanions. The cysteine 
acts as a nucleophile to accept the PO3 group. The reaction 
transiently generates a phospho-cysteine intermediate before 
the phosphate is transferred to Water. The active site arginine 
stabiliZes the transition-state by hydrogen bonding to phos 
phate oXygens. In addition the histidine preceding the active 
site cysteine and the serine or threonine folloWing the active 
site arginine are responsible for loWering the pK, of the 
cysteine to stabiliZe a negative charge on the cysteine. The 
active site aspartic acid accelerates the reaction by donating 
a protein to generate an uncharged hydroXyl (for a revieW, 
see Fauman and Saper (1996) Trends in Biochem. 211412). 
A C-XS-R motif is found at about amino acids 150 to 156 of 
SEQ ID NO:2. 

[0112] The 18221 proteins of the present invention shoW 
signi?cant homology to members of the dual speci?city 
phosphatase family, and in particular, vaccinia H1-related 
phosphatases (VHRs). Dual speci?city phosphatases are 
knoWn to play critical roles in groWth factor signaling. For 
eXample, VHR-like phosphatases are knoWn to dephospho 
rylate groWth factor receptors and thereby eliminate their 
signaling. MAP-kinase phosphatases terminate MAP-kinase 
activity, thus leading to inhibition of groWth factor-mediated 
mitogenic signaling. Thus, dual speci?city phosphatases 
play a key role in inhibiting proliferation and stimulating the 
differentiation of cells. As the 18221 proteins shoW homol 
ogy to dual speci?city phosphatases, these proteins are 
likely to be involved in modulating (e.g., inhibiting) the 
proliferation and (e.g., stimulating) the differentiation of the 
cells in Which they are eXpressed, e.g., hematopoietic cells 
such as eythroid cells. Accordingly, the 18221 molecules of 
the invention may be useful for developing novel diagnostic 
and therapeutic agents for 18221-mediated or related disor 
ders, as described beloW. 

[0113] A 18221 polypeptide of the invention can include a 
“dual speci?city phosphatase catalytic domain” or regions 
homologous With a “dual speci?city phosphatase catalytic 
domain”. As used herein, the term “dual speci?city phos 
phatase catalytic domain” refers to an amino acid sequence 
having about 50 to 200, preferably about 75 to 175, more 
preferably about 100 to 150, and even more preferably about 
120 to 140 amino acid residues and having a bit score for the 
alignment of the sequence to the dual speci?city phos 
phatase domain (HMM) of at least 50, preferably 100, and 
more preferably 120 or more. The dual speci?city phos 
phatase catalytic domain (HMM) has been assigned the 
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PFAM Accession Number PF00782 (http;//genome.Wus 
tl.edu/Pfam/.html). An alignment of the dual speci?city 
phosphatase domain (amino acids 65 to 203 of SEQ ID 
NO:2) of human 18221 With a consensus amino acid 
sequence (SEQ ID NO:4) derived from a hidden Markov 
model is depicted in FIG. 3A, and a similar alignment With 
a consensus amino acid sequence (SEQ ID NO:5) derived 
from the SMART domain HMM model is depicted in FIG. 
3B. 

[0114] A dual speci?city phosphatase domain preferably 
includes the conserved active site residues cysteine and 
arginine in a C-XS-R motif found at about amino acids 150 
to 156 of SEQ ID NO:2. Preferably, this motif is preceded 
by “VXVH” domain located at about amino acids 146 to 149 
of SEQ ID NO:2. This domain is similar to the eXtended 
active site signature (VXVHCXXGXSRSXTXXXAY[LI] 
M; SEQ ID NO:6; Muda et al. (1996) J Biol Chem 
271:27205). Preferably, a dual speci?city phosphatase 
domain includes a conserved general acid, e. g., aspartic acid. 
For eXample, a 18221 protein has an aspartic acid located at 
about residue 119 of SEQ ID NO:2. Typically, dual speci 
?city phosphatases are able to dephosphorylate tyrosine 
residues and serine/threonine residues. 

[0115] In a preferred embodiment, a 18221 polypeptide or 
protein has a “dual speci?city phosphatase catalytic domain” 
or a region that includes at least about 50 to 200, preferably 
about 75 to 175, more preferably about 100 to 150, and even 
more preferably about 120 to 138 amino acid residues and 
has at least about 70% 80% 90% 95%, 99%, or 100% 
homology With a “dual speci?city phosphatase catalytic 
domain,” e.g., the dual speci?city phosphatase catalytic 
domain of human 18221 (e.g., residues 65 to 203 of SEQ ID 

NO:2). 
[0116] To identify the presence of a “dual speci?city 
phosphatase catalytic domain” in a 18221 protein sequence 
and to make the determination that a polypeptide or protein 
of interest has a particular pro?le, the amino acid sequence 
of the protein can be searched against a database of HMMs 
(e.g., the Pfam database, release 2.1) using default param 
eters (http://WWW.sanger.ac.uk/SoftWare/Pfam/ 
HMM_search). For eXample, the hmmsf program, Which is 
available as part of the HMMER package of search pro 
grams, is a family speci?c default program for MILPAT 0063 
and a score of 15 is the default threshold score for deter 
mining a hit. Alternatively, the threshold score for determin 
ing a hit can be loWered (e.g., to 8 bits). Adescription of the 
Pfam database can be found in Sonhammer et al. (1997) 
Proteins 28(3):405-420 and a detailed description of HMMs 
can be found, for eXample, in Gribskov et al. (1990) Meth. 
Enzymol. 183:146-159; Gribskov et al. (1987) Proc. Natl. 
Acad. Sci. USA 84:4355-4358; Krogh et al.(1994) J. Mol 
Biol. 235:1501-1531; and StultZ et al. (1993) Protein Sci. 
2:305-314, the contents of Which are incorporated herein by 
reference. A search Was performed against the HMM data 
base resulting in the identi?cation of a “dual speci?city 
phosphatase catalytic domain” in the amino acid sequence of 
human 18221 at about residues 65-203 of SEQ ID NO:2 (see 
FIG. 3A). 

[0117] A 18221 molecule can further include: preferably at 
least one, tWo, three, four, ?ve protein kinase C phospho 
rylation sites; at least one, tWo, and preferably three casein 
kinase II sites; at least one glycosaminoglycan site; at least 
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one, tWo, three, and preferably four N-myristoylation sites; 
at least one glycosaminoglycan attachment site; and at least 
one amidation site. 

[0118] As used herein, a “18221 activity”, “biological 
activity of 18221” or “functional activity of 18221”, refers 
to an activity exerted by a 18221 protein, polypeptide or 
nucleic acid molecule on e.g., a 18221-responsive cell or on 

a 18221 substrate, e.g., a protein substrate, as determined in 
vivo or in vitro. In one embodiment, an 18221 activity is a 
direct activity, such as an association With a 18221 target 
molecule. A “target molecule” or “binding partner” is a 
molecule With Which an 18221 protein binds or interacts in 
nature. A 18221 activity can also be an indirect activity, e.g., 
a cellular signaling activity mediated by interaction of the 
18221 protein With an 18221 receptor. 

[0119] Based on the above-described sequence similari 
ties, the 18221 molecules of the present invention are 
predicted to have similar biological activities as dual speci 
?city phosphatase family members, probably of the VHR 
type. Since VHR-phosphatases inhibit groWth factor signal 
ing by dephosphorylating, e.g., groWth factor receptors, the 
18221 molecules of the invention are predicted to have one 
or more of the folloWing activities: (1) catalyZe the removal 
of a phosphate group attached to a tyrosine residue in a 
protein target, e.g., a groWth factor receptor; (2) catalyZe the 
removal of a phosphate group attached to a serine or 
threonine residue in a protein e.g., a groWth factor receptor; 
(3) modulate groWth factor activity; (4) modulate an intra 
cellular signaling pathWay, e.g., a MAP kinase or ERK 
kinase pathWay; (5) modulate (e.g., stimulate) cell differen 
tiation, e.g., differentiation of a hematopoietic cell, e.g., a 
hematopoietic progenitor cell; e.g., a myeloid (neutrophil) 
cell, a monocyte, an erythroid cell, a bone marroW cell, a 
CD34-expressing cell, a megakaryocyte or a progenitor 
thereof; (6) stimulate hematopoiesis, e. g., erythropoiesis; (7) 
modulate cell proliferation, e.g., proliferation erythroid pro 
genitor cells; (8) inactivate cell surface groWth factor recep 
tors, e.g., tyrosine kinase receptors; or (9) modulate apop 
tosis, of a cell, e.g., a cancer cell, e.g., a leukemic cell, (e.g., 
an erythroleukemia cell). 

[0120] As the 18221 mRNA is found in hematopoietic 
cells, and in particular, in erythroid cell lineages (FIGS. 
5-10), the molecules of the invention can be used to develop 
novel agents or compounds to treat and/or diagnose disor 
ders involving aberrant activities of those cells e.g., hemato 
poietic and, in particular, erythroid disorders, as described 
beloW. For example, 18221 polypeptide are expressed in 
CD34 positive cells, e.g., mobiliZed peripheral blood CD34+ 
cells, normal adult bone marroW CD34+ cells, cord blood 
CD34+ cells, normal adult bone marroW CD34+ cells, and 
fetal liver CD34+ cells; and erythroid progenitor cells, e.g., 
bone marroW glycophorinApositive cells and erythropoietin 
treated erythroid burst forming units (BFUs) (FIGS. 5-10). 
18221 mRNA is also expressed in hepatic cells, kidney, 
skeletal muscle, and lung, and thus diagnostic and therapeu 
tic methods of using the molecules of the invention to 
treat/diagnose hepatic, kidney, skeletal muscle, and lung 
disorders are also contemplated by the present invention. 

[0121] As used herein, a “CD34-positive cell” refers to a 
cell that expresses detectable levels of the CD34 antigen, 
preferably human CD34 antigen. The sequence for human 
CD34 is provided in SWissProt Accession Number P28906. 
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The CD34 antigen is typically present on immature hemato 
poietic precursor cells and hematopoietic colony-forming 
cells in the bone marroW, including unipotent (CFU-GM, 
BFU-E) and pluripotent progenitors (CFU-GEMM, CFU 
Mix and CFU-blast). The CD34 is also expressed on stromal 
cell precursors. Terminal deoxynucleotidyl transferase 
(TdT)-positive B- and T-lymphoid precursors in normal 
bone also are CD34+. The CD34 antigen is typically present 
on early myeloid cells that express the CD33 antigen, but 
lack the CD14 and CD15 antigens and on early erythroid 
cells that express the CD71 antigen and dimly express the 
CD45 antigen. The CD34 antigen is also found on capillary 
endothelial cells and approximately 1% of human thy 
mocytes. Normal peripheral blood lymphocytes, monocytes, 
granulocytes and platelets do not express the CD34 antigen. 
CD34 antigen density is highest on early haematopoietic 
progenitor cells and decreases as the cells mature. The 
antigen is undetectably on fully differentiated haematopoi 
etic cells. Approximately 60% of acute B-lymphoid leuke 
mia’s and acute myeloid leukemia express the CD34 anti 
gen. The antigen is not expressed on chronic lymphoid 
leukemia (B or T lineage) or lymphomas. 

[0122] As the 18221 polypeptides of the invention may 
modulate 18221-mediated activities, they may be useful as 
of for developing novel diagnostic and therapeutic agents for 
18221-mediated or related disorders, e.g., a hematopoietic 
disorder or an erythroid-associated disorders. 

[0123] As used herein, the term “hematopoietic disorder” 
includes neoplastic and non-neoplastic hematopoietic or 
immune disorders. Examples of neoplastic immune disor 
ders include, but are not limited to, erythroid leukemias, or 
leukemias of erythroid precursor cells, e.g., poorly differ 
entiated acute leukemias such as erythroblastic leukemia and 
acute megakaryoblastic leukemia; acute promyeloid leuke 
mia (APML), acute myelogenous leukemia (AML) and 
chronic myelogenous leukemia (CML) (revieWed in 
Vaickus, L. (1991) Crit Rev. in OncoL/Hemotol. 111267-97). 
In particular, AML can include the uncontrolled prolifera 
tion of CD34+ cells such as AML subtypes M1 and M2, 
myeloblastic leukemias With and Without maturation, and 
AML subtype M6, erythroleukemia (Di Guglielmo’s dis 
ease). Additional neoplastic disorders include a myelodys 
plastic syndrome or preleukemic disorder, e.g., oligoblastic 
leukemia, smoldering leukemia. Additional cancers of the 
erythroid lineage include erythroblastosis, and other relevant 
diseases of the bone marroW. 

[0124] The term “leukemia” or “leukemic cancer” is 
intended to have its clinical meaning, namely, a neoplastic 
disease in Which White corpuscle maturation is arrested at a 
primitive stage of cell development. The disease is charac 
teriZed by an increased number of leukemic blast cells in the 
bone marroW, and by varying degrees of failure to produce 
normal hematopoietic cells. The condition may be either 
acute or chronic. Leukemias are further typically catego 
riZed as being either lymphocytic i.e., being characteriZed by 
cells Which have properties in common With normal lym 
phocytes, or myelocytic (or myelogenous), i.e., character 
iZed by cells having some characteristics of normal granu 
locytic cells. Acute lymphocytic leukemia (“ALL”) arises in 
lymphoid tissue, and ordinarily ?rst manifests its presence in 
bone marroW. Acute myelocytic leukemia (“AML”) arises 
from bone marroW hematopoietic stem cells or their prog 
eny. The term acute myelocytic leukemia subsumes several 
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subtypes of leukemia: myeloblastic leukemia, promyelo 
cytic leukemia, and myelomonocytic leukemia. In addition, 
leukemias With erythroid or megakaryocytic properties are 
considered myelogenous leukemias as Well. 

[0125] Examples of non-neoplastic hematopoieitic disor 
ders or diseases include, but are not limited to, autoimmune 
diseases (including, for example, diabetes mellitus, arthritis 
(including rheumatoid arthritis, juvenile rheumatoid arthri 
tis, osteoarthritis, psoriatic arthritis), multiple sclerosis, 
encephalomyelitis, myasthenia gravis, systemic lupus 
erythematosis, autoimmune thyroiditis, dermatitis (includ 
ing atopic dermatitis and ecZematous dermatitis), psoriasis, 
Sjogren’s Syndrome, Crohn’s disease, aphthous ulcer, iritis, 
conjunctivitis, keratoconjunctivitis, ulcerative colitis, 
asthma, allergic asthma, cutaneous lupus erythematosus, 
scleroderma, vaginitis, proctitis, drug eruptions,leprosy 
reversal reactions, erythema nodosum leprosum, autoim 
mune uveitis, allergic encephalomyelitis, acute necrotiZing 
hemorrhagic encephalopathy, idiopathic bilateral progres 
sive sensorineural hearing loss, aplastic anemia, pure red 
cell anemia, idiopathic thrombocytopenia, polychondritis, 
Wegener’s granulomatosis, chronic active hepatitis, 
Stevens-Johnson syndrome, idiopathic sprue, lichen planus, 
Graves’ disease, sarcoidosis, primary biliary cirrhosis, uvei 
tis posterior, and interstitial lung ?brosis), graft-versus-host 
disease, cases of transplantation, and allergy such as, atopic 
allergy. 

[0126] As used herein, the term “erythroid associated 
disorders” include disorders involving aberrant (increased or 
de?cient) erythroblast proliferation, e.g., an erythroleuke 
mia, and aberrant (increased or de?cient) erythroblast dif 
ferentiation, e.g., an aneria. Erythrocyte-associated disor 
ders include anemias such as, for example, hemolytic 
anemias due to hereditary cell membrane abnormalities, 
such as hereditary spherocytosis, hereditary elliptocytosis, 
and hereditary pyropoikilocytosis; hemolytic anemias due to 
acquired cell membrane defects, such as paroxysmal noc 
turnal hemoglobinuria and spur cell anemia; hemolytic 
anemias caused by antibody reactions, for example to the 
RBC antigens, or antigens of the ABO system, LeWis 
system, Ii system, Rh system, Kidd system, Duffy system, 
and Kell system; methemoglobinemia; a failure of erythro 
poiesis, for example, as a result of aplastic anemia, pure red 
cell aplasia, myelodysplastic syndromes, sideroblastic ane 
mias, and congenital dyserythropoietic anemia; secondary 
anemia in nonhematolic disorders, for example, as a result of 
chemotherapy, alcoholism, or liver disease; anemia of 
chronic disease, such as chronic renal failure; and endocrine 
de?ciency diseases. 

[0127] Agents that modulate 18221 polypeptide or nucleic 
acid activity or expression can be used to treat anemias, in 
particular, anemias associated With cancer chemotherapy, 
chronic renal failure, malignancies, adult and juvenile rheu 
matoid arthritis, disorders of haemoglobin synthesis, prema 
turity, and Zidovudine treatment of HIV infection. A subject 
receiving the treatment can be additionally treated With a 
second agent, e.g., erythropoietin, to futher ameliorate the 
condition. 

[0128] As used herein, the term “erythropoietin” or “EPO” 
refers to a glycoprotein produced in the kidney, Which is the 
principal hormone responsible for stimulating red blood cell 
production (erythrogenesis). EPO stimulates the division 
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and differentiation of committed erythroid progenitors in the 
bone marroW. Normal plasma erythropoietin levels range 
from 0.01 to 0.03 Units/mL, and can increase up to 100 to 
1,000-fold during hypoxia or anemia. Graber and KrantZ, 
Ann. Rev. Med. 29:51 (1978); Eschbach and Adamson, 
Kidney Intl. 28:1 (1985). Recombinant human erythropoi 
etin (rHuEpo or epoetin alfa) is commercially available as 
EPOGEN.RTM. (epoetin alfa, recombinant human erythro 
poietin) (Amgen Inc., Thousand Oaks, Calif.) and as PRO 
CRITRTM. (epoetin alfa, recombinant human erythropoi 
etin) (Ortho Biotech Inc., Raritan, N] 

[0129] Another example of an erythroid-associated disor 
der is erythrocytosis. Erythrocytosis, a disorder of red blood 
cell overproduction caused by excessive and/or ectopic 
erythropoietin production, can be caused by cancers, e.g., a 
renal cell cancer, a hepatocarcinoma, and a central nervous 
system cancer. Diseases associated With erythrocytosis 
include polycythemias, e.g., polycythemia vera, secondary 
polycythemia, and relative polycythemia. 

[0130] Aberrant expression or activity of the 18221 mol 
ecules may be involved in neoplastic disorders other than the 
ones described above. Accordingly, the molecules of the 
invention may also modulate the activity of neoplastic, 
non-hematopoetic tissues in Which they are expressed, e.g., 
kidney, lung, liver, skeletal muscle. The 18221 molecules 
can act as novel diagnostic targets and therapeutic agents for 
controlling one or more of cellular proliferative and/or 
differentiative disorders. Examples of such cellular prolif 
erative and/or differentiative disorders include cancer, e.g., 
carcinoma, sarcoma, or metastatic disorders. A metastatic 
tumor can arise from a multitude of primary tumor types, 
including but not limited to those of prostate, colon, lung, 
breast, and liver origin. 

[0131] As used herein, the terms “cancer”, “hyperprolif 
erative”, and “neoplastic” refer to cells having the capacity 
for autonomous groWth, i.e., an abnormal state or condition 
characteriZed by rapidly proliferating cell groWth. Hyper 
proliferative and neoplastic disease states may be catego 
riZed as pathologic, i.e., characteriZing or constituting a 
disease state, or may be categoriZed as non-pathologic, i.e., 
a deviation from normal but not associated With a disease 
state. The term is meant to include all types of cancerous 
groWths or oncogenic processes, metastatic tissues or malig 
nantly transformed cells, tissues, or organs, irrespective of 
histopathologic type or stage of invasiveness. “Pathologic 
hyperproliferative” cells occur in disease states character 
iZed by malignant tumor groWth. Examples of non-patho 
logic hyperproliferative cells include proliferation of cells 
associated With Wound repair. 

[0132] The terms “cancer” or “neoplasms” include malig 
nancies of the various organ systems, such as those affecting 
lung, breast, thyroid, lymphoid, gastrointestinal, and the 
genito-urinary tract. The terms “cancer” or “neoplasms” also 
includes adenocarcinomas that include malignancies such as 
most colon cancers, renal-cell carcinoma, prostate cancer 
and/or testicular tumors, non-small cell carcinoma of the 
lung, cancer of the small intestine, and cancer of the esopha 
gus. 

[0133] The term “carcinoma” is art recogniZed and refers 
to malignancies of epithelial or endocrine tissues including 
respiratory system carcinomas, gastrointestinal system car 
cinomas, genitourinary system carcinomas, testicular carci 




















































































