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(57) ABSTRACT 

The present invention relates to methods for using a human 
cyclic nucleotide phosphodiesterase belonging to the super 
family of mammalian phosphodiesterases. The invention 
also relates to methods for using polynucleotides encoding 
the phosphodiesterase. The invention relates to methods 
using the phosphodiesterase polypeptides and polynucle 
otides as a target for diagnosis and treatment in phosphodi 
esterase-mediated or -related disorders. The invention fur 
ther relates to drug-screening methods using the 
phosphodiesterase polypeptides and polynucleotides to 
identify agonists and antagonists for diagnosis and treat 
ment. The invention further encompasses agonists and 
antagonists based on the phosphodiesterase polypeptides 
and polynucleotides. The invention further relates to ago 
nists and antagonists identi?efd by drug screening methods 
With the phosphodiesterase polypeptides and polynucle 
otides as a target. 
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GCACTGET[IACCCTGACACGCTBTECCACCTACAGATCCICATCTTGCTTCTTTGACATTCTTTTCCTTTTTTTGGGGG 
[36GTGGGGGEAAC[ITGCACUGGTMCTG[1GGTGCAAACCTETTCAAGAAGGTAACATCAAATAAATAAGTCAAGCAGA 
GGACTICCTGCCAATCTCTTCTGTGA[16CATCATAGACACTGABCAAC[IAGGACCACCECCACGTTCAGAAAT[IAGCTG 
GCCAAGTGACTCCATTTGACTTGCAAAECAGCETTTTCTAATAGGCTAATAUGCTGAGGCCTTAAAGGAAATGGACAA 
AAATTATCCAGAAGGGGTACTTTTCCATT[STATETTTCTAATAAGGGTTTAAAATGGTACTATTATGGTATTGTACTTG 
GEETTTAACATCAATGTTGCTTTGATGTTGTTGGATATAAATAGGAATTTTTACACATTACTATTGTGAATGGTGAATG 
TTCATGTATGACCTACTTGTAATTAACTTGAGTTGTAGTCCACAGCCTCAGGACAAATGTCGTTGAGGTTACAEAGTAA 
6AAATGATGGCAAAACGTCAAACTCTTATTTCAGAGCTTCATGAATTTAGTTAGACTAAACATAAUCTTTAAGTICAA 
CCTAAAGGGUGAGATCAATAAATTTAACACTAGACGAAGTAGACTTCCTGTCTTTTTGAGAAEAGATGAGETATATGT 
TACAATAAATCTCAGAACTTCAAGTAGCAGTTEAAAAGATGTCAGTTUTAAAATTGTTTTTTGTGTTGTCTTGGCAGT 
TTTACTGAACCCTTTGEATAAAGAACAAAATAAAAGCTCGGCATTGTAATTTTTTTAATGGACAAGTCTTATGEATAEG 
AAGGGTACATTTTTCATAATGATTCUTTATATTTTCACTTTGTGTCATTGCAGAATTTTAGACTCTCATTCACAATGA 
AAAGUTATUTAAABATTGTTTAATTAAAATACCATACAGTTCTCTTTTAAACATCAAACCATAAAAAGTGATTTTG 
TAMTTTAUCTGACCTGCCGCAGTCACCTCTCACTTATCTCUCCACGTACTGCACGGTCGTATTTCATGAGCTITCT 
GTECATAGCACAGAAACAGAGCAGAAAGTAGTACAATCATGTTGGACCUCTTTCTGTTCTCTTTACTCTTETCACAGA 
TEAGATCACTCCATAGAAGECTGTGGGTTTCGATGGTTTCTTCTATACACUTTTTGGUGACCAGTATTACTATACAA 
TGTAAGTGTTTTAAAAAATACGAAAGTAATACTCTGCACCCCTTCCTACAAAGATGATAAAGCAGTCACUCTGGCGCA 
TTTTAATAATTTAAAGATTTTTAGTGCAATGGEACGGTAACCTCCAAACCTGAATTAGACAGAEACTCACTCAGGAAGT 
GADAGGCCCATCATATCAAATAACTTATTCACTTITCATGTGGCAGGAAACTGGAATATCGCTTTTAATAAAATGGAM 
AATATGCTTUACATATTTACCACCATAEGCGTTTT[3TTCATATGAGCCTGETTTGTECAAAATTAAATCAEABGCTTC 
TACAACATGGTTTAUTATGTTGTAGCAAAGTTGGCTCTACATAAACATTETTUTATTTTAAAATTAACACTATGTGT 
TIIAGTTTTCTTGTGGGCTTUGAAAGTTGCCATCTTCCCICCGTGGABCTCCATTTGCTATTTTCATTATACACTATGA 
GETAAAATGTAATAACAAAAGAGAGAGAAETACCACTGTGGCTAGATATATACACACACATATATATATGEATGGATGT 
AATATATGTAEAACACACACATAGATGTATATAGGATACACACTCATETATGTAAACGTATACATATGTGTATATATGA 
TACATACACATACACACACACGAGAGACAGAAGGAAAGAGAGGAAGAGAGAAGEAAACATGTAGGAAAAAATATAAATC 
TACATACACATACACACACACGAEAEACAEAAGGAAAGAEAGGAAGAGAGAAGEAAACATGTAGGAAAAAATATAAATC 

FIG. 1C. 
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Transmembrane Segments Predicted by MEMSAT 

Start End Orient Score 

187 204 0ut-->ins 2.5 

403 419 ins-->out 2.3 

655 672 0ut-->ins 0.5 FIG, 4A. 
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Prosi’ce Pattern Matches For 22045 
)PSQQQUl/PQQCQQQQ]IASNjLYCUSYLATIUN N-g lycosy lot i on site. 

Query: 52 NKSE 55 
Query: 121 NNSL 124 
Query: 534 NHTL 537 
Query: 648 NQSH 651 
Query= 748 NLSQ 751 

)PSQQQQS/PIIIIQQQQS/PKQPHQSPHQSITE Protein kinuse [I phosphoryiotion site. 

Query: 158 SRK 168 
' Query: 363 HR 365 

Query: 584 SVK 586 
Query: 658 SHR 652 

)PSi1i886/P88C88886/CK2_Pii8SPHIl_SlTE Casein kimse II phosphorylution site. 

Query: 5‘: SEDE 57 
Query: 88 SYIE 83 
Query: 88 7668 91 
Query: 187 IKAD 118 
Query: 177 76LE 188 
Query: 218 SHQE 221 
Query: 259 TYFD 262 
Query: 269 SLLE 272 
Query= 394 SKID 397 
Query: 442 TSEE 445 
Query: 491 SCFE 494 
Query: 539 IDLE 542 
Query: 579 STME 582 
Query: 605 SSSE 688 

Query: 661 TA€8 664 
Query: 678 TAND 681 
Query: 758 SQVE 753 

)PS88887/PM88887/TYRJH88PHQSHE Tyrosine iiinnse phosphorylntion site. 
Query- 351 RFNREYMY 359 
Query: 422 RHSECITY 428 
Query: 429 RVTHEKLSY 437 
Query: 632 RKQLEEHY 639 

)PSUQQ?B/PBQCQQQOB/HYRISTYL N-nyristoylntion site. 
Query: 131 GIK£6K 136 
Query: 148 GTWSA 153 
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Query: 
Query= 
Query: 
Query= 
Query= 

178 
376 
390 
545 

657 

GLESGT 183 
GSVIGV 381 
GSAFSK 395 
GLLIAC 550 
GLMMTA 662 

US 2003/0215898 A1 

FIG. 4C. 

>PS00126/PDDC001l6/PDEASE_I 3'5'-cyclic nucleotide phosphodiesteroses signature. 

Query= 553 HDLDHRGFSNSY 
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Gene 22045 Expression in Normal Human Tissue 
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METHODS FOR USING 22045, A HUMAN CYCLIC 
NUCLEOTIDE PHOSPHODIESTERASE 

RELATED APPLICATIONS 

[0001] The present application is a divisional application 
of US. patent application Ser. No. 09/420,190, ?led Oct. 18, 
1999, Which is hereby incorporated herein in its entirety by 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods for using 
a human cyclic nucleotide phosphodiesterase. The invention 
also relates to methods for using polynucleotides encoding 
the phosphodiesterase. The invention further relates to meth 
ods using the phosphodiesterase polypeptides and poly 
nucleotides as a target for diagnosis and treatment in phos 
phodiesterase-mediated or -related disorders. The invention 
further relates to drug-screening methods using the phos 
phodiesterase polypeptides and polynucleotides to identify 
agonists and antagonists for diagnosis and treatment. The 
invention further encompasses agonists and antagonists 
based on the phosphodiesterase polypeptides and polynucle 
otides. The invention further relates to agonists and antago 
nists identi?ed by drug screening methods With the phos 
phodiesterase polypeptides and polynucleotides as a target. 

BACKGROUND OF THE INVENTION 

[0003] Cyclic nucleotide phosphodiesterases shoW speci 
?city for purine cyclic nucleotide substrates and catalyZe 
cyclic AMP (cAMP) and cyclic GMP (cGMP) hydrolysis 
(Thompson W. J. (1991) Pharma. Then 51:13-33). Cyclic 
nucleotide phosphodiesterases regulate the steady-state lev 
els of cAMP and cGMP and modulate both the amplitude 
and duration of cyclic nucleotide signal. At least eight 
different but homologous gene families are currently knoWn 
to exist in mammalian tissues. Most families contain distinct 
genes, many of Which are expressed in different tissues as 
functionally unique alternative splice variants (Beavo 
(1995) Physiological Reviews 75:725-748 and US. Pat. No. 
5,798,246). 
[0004] All cyclic nucleotide phosphodiesterases contain a 
core of about 270 conserved amino acids in the COOH 
terminal half of the protein thought to be the catalytic 
domain of the enZyme. A conserved motif of the sequence 
HDXXHXX has been identi?ed in the catalytic domain of 
all cyclic nucleotide phosphodiesterases isolated to date. 
The cyclic nucleotide phosphodiesterases Within each fam 
ily display about 65% amino acid homology and the simi 
larity drops to less than 40% When compared betWeen 
different families With most of the similarity occurring in the 
catalytic domains. 

[0005] Most cyclic nucleotide phosphodiesterase genes 
have more than one alternatively spliced mRNA transcribed 
from them and in many cases the alternative splicing appears 
to be highly tissue speci?c, providing a mechanism for 
selective expression of different cyclic nucleotide phos 
phodiesterases (Beavo supra). Cell-type-speci?c expression 
suggests that the different isoZymes are likely to have 
different cell-type-speci?c properties. 

[0006] Type 1 cyclic nucleotide phosphodiesterases are 
Ca2+/calmodulin dependent, are reported to contain three 
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different genes, each of Which appears to have at least tWo 
different splice variants, and have been found in the lung, 
heart and brain. Some of the calmodulin-dependent phos 
phodiesterases are regulated in vitro by phosphorylation/ 
dephosphorylation events. The effect of phosphorylation is 
to decrease the af?nity of the enZyme for calmodulin, Which 
decreases phosphodiesterase activity, thereby increasing the 
steady state level of cAMP. Type 2 cyclic nucleotide phos 
phodiesterases are cGMP-stimulated, are localiZed in the 
brain and are thought to mediate the effects of cAMP on 
catecholamine secretion. Type 3 cyclic nucleotide phos 
phodiesterases are cGMP-inhibited, have a high speci?city 
for cAMP as a substrate, are one of the major phosphodi 
esterase isoZymes present in vascular smooth muscle, and 
play a role in cardiac function. One isoZyme of type 3 is 
regulated by one or more insulin-dependent kinases. Type 4 
cyclic nucleotide phosphodiesterases are the predominant 
isoenZyme in most in?ammatory cells, With some of the 
members being activated by cAMP-dependent phosphory 
lation. Type 5 cyclic nucleotide phosphodiesterases have 
traditionally been thought of as regulators of cGMP function 
but may also affect cAMP function. High levels of type 5 
cyclic nucleotide phosphodiesterases are found in most 
smooth muscle preparations, platelets and kidney. Type 6 
cyclic nucleotide phosphodiesterase family members play a 
role in vision and are regulated by light and cGMP. AType 
7 cyclic nucleotide phosphodiesterase family member is 
found in high concentrations in skeletal muscle. A listing of 
cyclic nucleotide phosphodiesterase families 1-7, their local 
iZation and physiological role is given in Beavo supra, 
incorporated herein, for that teaching. A Type 8 family is 
reported in US. Pat. No. 5,798,246. 

[0007] Many functions of the immune and in?ammatory 
response system are inhibited by agents that increase intra 
cellular levels of cAMP (Verghese (1995) M01. Pharmacol. 
47:1164-1171). The metabolism of cGMP is involved in 
smooth muscle, lung and brain cell function (Thompson W. 
(1991) Pharma. Then 51:13-33). Avariety of diseases have 
been attributed to increased cyclic nucleotide phosphodi 
esterase activity Which results in decreased levels of cyclic 
nucleotides. For example, one form of diabetes insipidus in 
the mouse has been associated With increased phosphodi 
esterase Family 4 activity and an increase in loW-Km cAMP 
phosphodiesterase activity has been reported in leukocytes 
of atopic patients. Defects in cyclic nucleotide phosphodi 
esterases have also been associated With retinal disease. 
Retinal degeneration in the rd mouse, human autosomal 
recessive retinitis pigmentosa, and rod/cone dysplasia 1 in 
Irish setter dogs has been attributed to mutations in the 
Family 6 phosphodiesterase, gene B. Family 3 phosphodi 
esterase has been associated With cardiac disease. 

[0008] Many inhibitors of different cyclic nucleotide 
phosphodiesterases have been identi?ed and some have 
undergone clinical evaluation. For example, Family 3 phos 
phodiesterase inhibitors are being developed as antithrom 
botic agents, as antihypertensive agents and as cardiotonic 
agents useful in the treatment of congestive heart failure. 
Rolipram, a Family 4 phosphodiesterase inhibitor, has been 
used in the treatment of depression and other inhibitors of 
Family 4 phosphodiesterase are undergoing evaluation as 
anti-in?ammatory agents. Rolipram has also been shoWn to 
inhibit lipopolysaccharide (LPS)-induced TNF alpha Which 
has been shoWn to enhance HIV-1 replication in vitro. 
Therefore, rolipram may inhibit HIV-1 replication (Angel et 
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al. (1995) AIDS 911137-44). Additionally, based on its 
ability to suppress the production of TNF alpha and beta and 
interferon gamma, rolipram has been shoWn to be effective 
in the treatment of encephalomyelitis, the experimental 
animal model for multiple sclerosis (Sommer et al. (1995) 
Nat. Med. 11244-248) and may be effective in the treatment 
of tardive dyskinesia (Sasaki et al. (1995) Eur J. Pharmacol. 
282172-76). 
[0009] There are also nonspeci?c phosphodiesterase 
inhibitors such as theophylline, used in the treatment of 
bronchial asthma and other respiratory diseases, and pen 
toxifylline, used in the treatment of intermittent claudication 
and diabetes-induced peripheral vascular disease. Theophyl 
line is thought to act on airWay smooth muscle function as 
Well as in an anti-in?ammatory or immunomodulatory 
capacity in the treatment of respiratory diseases (Banner et 
al. (1995) Eur Respir. J 81996-1000) Where it is thought to 
act by inhibiting both cyclic nucleotide phosphodiesterase 
cAMP and cGMP hydrolysis (Banner et al. (1995) Monala'i 
Arch. Chest Dis. 501286-292). Pentoxifylline, also knoWn to 
block TNF alpha production, may inhibit HIV-1 replication 
(Angel et al. supra). A list of cyclic nucleotide phosphodi 
esterase inhibitors is given in Beavo supra, incorporated 
herein for that teaching. 

[0010] Cyclic nucleotide phosphodiesterases have also 
been reported to affect cellular proliferation in a variety of 
cell types and have been implicated in the treatment of 
various cancers. (Bang et al. (1994) Proc. Natl. Acad. Sci. 
USA 9115330-5334) reported that the prostate carcinoma cell 
lines DU 145 and LNCaP Were groWth-inhibited by delivery 
of cAMP derivatives and phosphodiesterase inhibitors and 
observed a permanent conversion in phenotype from epi 
thelial to neuronal morphology; Matousovic et al. ((1995) J. 
Clin. Invest. 961401-410) suggest that cyclic nucleotide 
phosphodiesterase isoZyme inhibitors have the potential to 
regulate mesangial cell proliferation; J oulain et al. ((1995) J. 
Mediat. Cell Signal 11163-79) reports that cyclic nucleotide 
phosphodiesterase has been shoWn to be an important target 
involved in the control of lymphocyte proliferation; and 
Deonarain et al. ((1994) Brit. J. Cancer 701786-94) suggest 
a tumor targeting approach to cancer treatment that involves 
intracellular delivery of phosphodiesterases to particular 
cellular compartments, resulting in cell death. 

[0011] Accordingly, cyclic nucleotide phosphodiesterases 
are a major target for drug action and development. Accord 
ingly, it is valuable to the ?eld of pharmaceutical develop 
ment to identify and characteriZe tissues and disorders in 
Which cyclic phosphodiesterases are differentially 
expressed. The present invention advances the state of the 
art by providing tissues and disorders in Which expression of 
a human cyclic nucleotide phosphodiesterase is relevant. 
Accordingly, the invention provides methods directed to 
expression of the phosphodiesterase. 

SUMMARY OF THE INVENTION 

[0012] It is an object of the invention to identify tissues 
and disorders in Which expression of the cyclic nucleotide 
phosphodiesterase is relevant. 

[0013] It is a further object of the invention to provide 
methods Wherein the cyclic nucleotide phosphodiesterase 
polypeptides are useful as reagents or targets in phosphodi 
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esterase assays applicable to treatment and diagnosis of 
disorders mediated by or related to the cyclic nucleotide 
phosphodiesterase. 

[0014] It is a further object of the invention to provide 
methods Wherein polynucleotides corresponding to the 
phosphodiesterase polypeptide are useful as targets or 
reagents in phosphodiesterase assays applicable to treatment 
and diagnosis of disorders mediated by or related to the 
phosphodiesterase. 

[0015] A speci?c object of the invention is to identify 
compounds that act as agonists and antagonists and modu 
late the expression of the phosphodiesterase in speci?c 
tissues and disorders. 

[0016] A further speci?c object of the invention is to 
provide compounds that modulate expression of the phos 
phodiesterase for treatment and diagnosis of phosphodi 
esterase-mediated or related disorders. 

[0017] The invention is thus based on the expression of a 
human cyclic nucleotide phosphodiesterase in speci?c tis 
sues and disorders. 

[0018] The invention provides methods of screening for 
compounds that modulate expression or activity of the 
phosphodiesterase polypeptides or nucleic acid (RNA or 
DNA) in the speci?c tissues or disorders. 

[0019] The invention also provides a process for modu 
lating phosphodiesterase polypeptide or nucleic acid expres 
sion or activity, especially using the screened compounds. 

[0020] Modulation may be used to treat conditions related 
to aberrant activity or expression of the phosphodiesterase 
polypeptides or nucleic acids. 

[0021] The invention also provides assays for determining 
the activity of or the presence or absence of the phosphodi 
esterase polypeptides or nucleic acid molecules in speci?c 
biological samples, including for disease diagnosis. 

[0022] The invention also provides assays for determining 
the presence of a mutation in the polypeptides or nucleic 
acid molecules, including for disease diagnosis. 

[0023] The invention utiliZes isolated phosphodiesterase 
polypeptides, including a polypeptide having the amino acid 
sequence shoWn in SEQ ID NO 1. 

[0024] The invention also utiliZes an isolated phosphodi 
esterase nucleic acid molecule having the sequence shoWn in 
SEQ ID NO 2. 

[0025] The invention also utiliZes variant polypeptides 
having an amino acid sequence that is substantially homolo 
gous to the amino acid sequence shoWn in SEQ ID NO 1. 

[0026] The invention also utiliZes variant nucleic acid 
sequences that are substantially homologous to the nucle 
otide sequence shoWn in SEQ ID NO 2. 

[0027] The invention also utiliZes fragments of the 
polypeptide shoWn in SEQ ID NO 1 and nucleotide 
sequence shoWn in SEQ ID NO 2, as Well as substantially 
homologous fragments of the polypeptide or nucleic acid. 

[0028] The invention further utiliZes nucleic acid con 
structs comprising the nucleic acid molecules described 
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herein. In a preferred embodiment, the nucleic acid mol 
ecules of the invention are operatively linked to a regulatory 
sequence. 

[0029] The invention also utiliZes vectors and host cells 
that express the phosphodiesterase and provides methods for 
expressing the phosphodiesterase nucleic acid molecules 
and polypeptides in speci?c cell types and disorders, and 
particularly recombinant vectors and host cells. 

[0030] The invention also utiliZes methods of making the 
vectors and host cells and provides methods for using them 
to assay expression and cellular effects of expression of the 
phosphodiesterase nucleic acid molecules and polypeptides 
in speci?c cell types and disorders. 

[0031] The invention also utiliZes antibodies or antigen 
binding fragments thereof that selectively bind the phos 
phodiesterase polypeptides and fragments. 

DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 shoWs the phosphodiesterase nucleotide 
sequence (SEQ ID NO 2) and the deduced amino acid 
sequence (SEQ ID NO 1). BLAST analysis shoWed the top 
BLAST scores to AB020593, AF 127479, AF 127480 human 
dual speci?city cAMP/cGMP, and mouse PDE10A, 
AF110507. AF110507, AF127480, AF127479, AB020593= 
GenBank accession. See, for example, Sonderling, et al., 
Proc. Nati’l. Acad. Sci. USA. 96:7071-7076 (1999). 

[0033] FIG. 2 shoWs a hydrophobicity plot of the phos 
phodiesterase. 

[0034] FIG. 3 shoWs an analysis of the phosphodiesterase 
amino acid sequence: otBturn and coil regions; hydrophilic 
ity; amphipathic regions; ?exible regions; antigenic index; 
and surface probability plot. 

[0035] FIG. 4 shoWs an analysis of the phosphodiesterase 
open reading frame for amino acids corresponding to spe 
ci?c functional sites. Glycosylation sites are shoWn in the 
?gure With the actual modi?ed residue being the ?rst amino 
acid. Protein kinase C phosphorylation sites are shoWn in the 
?gure With the actual modi?ed residue being the ?rst amino 
acid. Casein kinase II phophorylation sites are shoWn in the 
?gure With the actual modi?ed residue being the ?rst amino 
acid. Tyrosine kinase phosphorylation sites are shoWn in the 
?gure With the actual modi?ed residue being the last amino 
acid. N-myristoylation sites are shoWn in the ?gure. In 
addition, amino acids corresponding to the phosphodi 
esterase signature, HDXXHXX, are found in the sequence 
HDLDHRG at amino acids 553-559. 

[0036] FIG. 5 shoWs expression of the 22045 phosphodi 
esterase in various normal human tissues. 

[0037] FIG. 6 shoWs expression of the 22045 phosphodi 
esterase in various cardiovascular tissues. Int. Mamm.: inter 
nal mammary artery; CHF: congestive heart failure; ISCH: 
ischemic heart; myop: myopathic heart. 

[0038] FIG. 7 shoWs expression of the phosphodiesterase 
in breast, lung, and colon carcinoma as Well as colon 
metastases to the liver. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0039] As used herein, a “signaling pathWay” refers to the 
modulation (e.g., stimulation or inhibition) of a cellular 
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function/activity upon the binding of a ligand to a receptor. 
Examples of such functions include mobiliZation of intrac 
ellular molecules that participate in a signal transduction 
pathWay, e.g., phosphatidylinositol 4,5-bisphosphate (PIP2), 
inositol 1,4,5-triphosphate (1P3) and adenylate cyclase; 
polariZation of the plasma membrane; production or secre 
tion of molecules; alteration in the structure of a cellular 
component; cell proliferation, e.g., synthesis of DNA; cell 
migration; cell differentiation; and cell survival. 

[0040] The response depends on the type of cell. In some 
cells, binding of a ligand to the receptor may stimulate an 
activity such as release of compounds, gating of a channel, 
cellular adhesion, migration, differentiation, etc., through 
phosphatidylinositol or cyclic AMP metabolism and turn 
over While in other cells, binding Will produce a different 
result. 

[0041] The cAMP turnover pathWay is a signaling path 
Way. As used herein, “cyclic AMP turnover and metabolism” 
refers to the molecules involved in the turnover and metabo 
lism of cAMP as Well as to the activities of these molecules. 
Cyclic AMP is a second messenger produced in response to 
ligand-induced stimulation of certain receptors. In the cAMP 
signaling pathWay, binding of a ligand can lead to the 
activation of the enZyme adenyl cyclase, Which catalyZes the 
synthesis of cAMP. The neWly synthesiZed cAMP can in 
turn activate a cAMP-dependent protein kinase. This acti 
vated kinase can phosphorylate a voltage-gated potassium 
channel protein, or an associated protein, and lead to the 
inability of the potassium channel to open during an action 
potential. The inability of the potassium channel to open 
results in a decrease in the outWard How of potassium, Which 
normally repolariZes the membrane of a neuron, leading to 
prolonged membrane depolariZation. 

[0042] The cGMP turnover pathWay is also a signaling 
pathWay. As used herein, “cyclic GMP turnover and metabo 
lism” refers to the molecules involved in the turnover and 
metabolism of cGMP as Well as to the activities of these 
molecules. Cyclic GMP is a second messenger produced in 
response to ligand-induced stimulation of certain receptors. 
In the cGMP signaling pathWay, binding of a ligand can lead 
to the activation of the enZyme guanyl cyclase, Which 
catalyZes the synthesis of cGMP. SynthesiZed cGMP can in 
turn activate a cGMP-dependent protein kinase. 

[0043] The invention is directed to methods, uses and 
reagents applicable to methods and uses that are applied to 
cells, tissues and disorders of these cells and tissues Wherein 
phosphodiesterase expression is relevant. The phosphodi 
esterase is expressed in a variety of tissues as shoWn in 
FIGS. 5 and 6. Accordingly, the methods and uses of the 
invention as disclosed in greater detail beloW apply to these 
tissues, disorders involving these tissues, and particularly to 
the disorders With Which gene expression is associated, as 
shoWn in these ?gures and as disclosed herein. Accordingly, 
the methods, uses and reagents disclosed in greater detail 
beloW especially apply to breast, lung, colon carcinoma, and 
colonic metastases to the liver, especially apply also to 
expression in thyroid, heart, kidney, fetal kidney, fetal heart 
and testes, especially apply to diseased heart and associated 
vessels, speci?cally to endothelial cells and vascular smooth 
muscle cells, applying particularly to congestive heart fail 
ure and ischemia. In situ hybridiZation shoWs 22045 expres 
sion is moderate to loW in normal and tumor lung samples, 
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speci?cally in the large vessels, macrophages, and tumor 
cells. It also shoWs loW positive expression in normal and 
diseased heart, speci?cally in the endothelial and vascular 
smooth muscle cells. Accordingly, the uses, reagents and 
methods disclosed in detail herein beloW apply especially to 
these tissues, cell types, and disorders. 

[0044] Methods of Using the Polypeptide 

[0045] The invention provides methods using the cyclic 
nucleotide phosphodiesterase, variants, or fragments, 
including but not limited to use in the cells, tissues, and 
disorders as disclosed herein. 

[0046] The invention provides biological assays related to 
cyclic nucleotide phosphodiesterases. Such assays involve 
any of the knoWn functions or activities or properties useful 
for diagnosis and treatment of cyclic phosphodiesterase 
related conditions. These include, but are not limited to, 
hydrolysis of cAMP and cGMP, ability to be bound by 
speci?c antibody, cGMP or cAMP binding, and protein 
kinase A interaction as Well as the various other properties 
and functions disclosed herein and disclosed in the refer 
ences cited herein. 

[0047] The invention provides drug screening assays, in 
cell-based or cell-free systems. Cell-based systems can be 
native, i.e., cells that normally express the phosphodi 
esterase, as a biopsy, or expanded in cell culture. In one 
embodiment, cell-based assays involve recombinant host 
cells expressing the phosphodiesterase. Accordingly, cells 
that are useful in this regard include, but are not limited to, 
those disclosed herein as expressing or differentially 
expressing the phosphdiesterase, such as those shoWn in 
FIGS. 5-7. These include, but are not limited to, cells or 
tissues derived from heart, kidney, testis, aortic endothelial 
cells, aortic smooth muscle cells, cells derived from the 
internal mammary artery, lung small cell carcinoma, breast 
carcinoma, colon carcinoma, and colon metastases in the 
liver. Such cells can naturally express the gene or can be 
recombinant, containing one or more copies of exogenously 
introduced phosphodiesterase sequences or genetically 
modi?ed to modulate expression of the endogenous phos 
phodiesterase sequence. 

[0048] This aspect of the invention particularly relates to 
cells derived from subjects With disorders involving the 
tissues in Which the phosopodiesterase is expressed or 
derived from tissues subject to disorders including, but not 
limited to, those disclosed herein. These disorders may 
naturally occur, as in populations of human subjects, or may 
occur in model systems such as in vitro systems or in vivo, 
such as in non-human transgenic organisms, particularly in 
non-human transgenic animals. 

[0049] Such assays can involve the identi?cation of agents 
that interact With the phosphodiesterase protein. This inter 
action can be detected by functional assays, such as the 
ability to be affected by an effector molecule, such as 
phosphorylation by an effector or phosphorylating a sub 
strate. Such interaction can also be measured by ultimate 
biological effects, such as increasing or decreasing the levels 
of cAMP or cGMP or having biological effects on immunity/ 
in?ammation or cell proliferation, i.e., any of the effects of 
modulating the intracelluar levels of the second messengers 
cAMP and cGMP. 

[0050] Determining the ability of the test compound to 
interact With the phosphodiesterase can also comprise deter 
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mining the ability of the test compound to preferentially 
bind to the polypeptide as compared to the ability of a 
knoWn binding molecule (e.g., a GMP or cAMP) to bind to 
the polypeptide. 

[0051] In yet another aspect of the invention, the invention 
provides methods to identify proteins that interact With the 
phosphodiesterase in the tissues and disorders disclosed. 
The proteins of the invention can be used as “bait proteins” 
in a tWo-hybrid assay or three-hybrid assay (see, e.g., US. 
Pat. No. 5,283,317; Zervos et al. (1993) Cell 72:223-232; 
Madura et al. (1993) J. Biol. Chem. 268:12046-12054; 
Bartel et al. (1993) Biotechniques 141920-924; IWabuchi et 
al. (1993) Oncogene 811693-1696; and Brent W0 
94/ 10300), to identify other proteins (captured proteins) 
Which bind to or interact With the proteins of the invention 
and modulate their activity. 

[0052] The invention provides methods to identify com 
pounds that modulate phosphodiesterase activity. Such com 
pounds, for example, can increase or decrease af?nity or rate 
of binding to cGMP or cAMP, compete With cGMP or cAMP 
for binding to the phosphodiesterase, or displace cGMP or 
cAMP bound to the phosphodiesterase. Both phosphodi 
esterase and appropriate variants and fragments can be used 
in high-throughput screens to assay candidate compounds 
for the ability to bind to the phosphodiesterase. These 
compounds can be further screened against a functional 
phosphodiesterase to determine the effect of the compound 
on the phosphodiesterase activity. Compounds can be iden 
ti?ed that activate (agonist) or inactivate (antagonist) the 
phosphodiesterase to a desired degree. Modulatory methods 
can be performed in vitro (e.g., by culturing the cell With the 
agent) or, alternatively, in vivo (e.g., by administering the 
agent to a subject. The subject can be a human subject, for 
example, a subject in a clinical trial or undergoing treatment 
or diagnosis, or a non-human transgenic subject, such as a 
transgenic animal model for disease. 

[0053] The invention provides methods to screen a com 
pound for the ability to stimulate or inhibit interaction 
betWeen the phosphodiesterase protein and a target molecule 
that normally interacts With the phosphodiesterase protein. 
The target can be a cyclic nucleotide or another component 
of the signal pathWay With Which the phosphodiesterase 
protein normally interacts (for example, protein kinase A or 
other interactor involved in cAMP or cGMP turnover). The 
assay includes the steps of combining the phosphodiesterase 
protein With a candidate compound under conditions that 
alloW the phosphodiesterase protein or fragment to interact 
With the target molecule, and to detect the formation of a 
complex betWeen the phosphodiesterase protein and the 
target, or to detect the biochemical consequence of the 
interaction With the phosphodiesterase and the target, such 
as any of the associated effects of signal transduction such 
as protein kinase A phosphorylation, cAMP or cGMP turn 
over, and biological endpoints of the pathWay. 

[0054] Determining the ability of the phosphodiesterase to 
bind to a target molecule can also be accomplished using a 
technology such as real-time Bimolecular Interaction Analy 
sis (BIA). Sjolander et al. (1991) Anal. Chem. 63:2338-2345 
and SZabo et al. (1995) Curr Opin. Struct. Biol. 5:699-705. 
As used herein, “BIA” is a technology for studying biospe 
ci?c interactions in real time, Without labeling any of the 
interactants (e.g., BIAcoreTM). Changes in the optical phe 
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nomenon surface plasmon resonance (SPR) can be used as 
an indication of real-time reactions betWeen biological mol 
ecules. 

[0055] The test compounds of the present invention can be 
obtained using any of the numerous approaches in combi 
natorial library methods knoWn in the art, including: bio 
logical libraries; spatially addressable parallel solid phase or 
solution phase libraries; synthetic library methods requiring 
deconvolution; the ‘one-bead one-compound’ library 
method; and synthetic library methods using af?nity chro 
matography selection. The biological library approach is 
limited to polypeptide libraries, While the other four 
approaches are applicable to polypeptide, non-peptide oli 
gomer or small molecule libraries of compounds (Lam, K. S. 
(1997) Anticancer Drug Des. 121145). 

[0056] Examples of methods for the synthesis of molecu 
lar libraries can be found in the art, for example in DeWitt 
et al. (1993) Proc. Natl. Acad. Sci. USA 9016909; Erb et al. 
(1994) Proc. Natl. Acad. Sci. USA 91111422; Zuckermann et 
al. (1994). J. Med. Chem. 3712678; Cho et al. (1993) Science 
26111303; Carell et al. (1994) Angew. Chem. Int. Ed. Engl. 
3312059; Carell et al. (1994) Angew. Chem. Int. Ed. Engl. 
3312061; and in Gallop et al. (1994) J. Med. Chem. 3711233. 
Libraries of compounds may be presented in solution (e.g., 
Houghten (1992) Biotechniques 131412-421), or on beads 
(Lam (1991) Nature 354182-84), chips (Fodor (1993) Nature 
3641555-556), bacteria (Ladner US. Pat. No. 5,223,409), 
spores (Ladner US. Pat. No. ’409), plasmids (Cull et al. 
(1992) Proc. Natl. Acad. Sci. USA 8911865-1869) or on 
phage (Scott and Smith (1990) Science 2491386-390); (Dev 
lin (1990) Science 2491404-406); (CWirla et al. (1990) Proc. 
Natl. Acad. Sci. 9716378-6382); (Felici (1991) J. Mol. Biol. 
2221301-310); (Ladner supra). 
[0057] Candidate compounds include, for example, 1) 
peptides such as soluble peptides, including Ig-tailed fusion 
peptides and members of random peptide libraries (see, e.g., 
Lam et al. (1991) Nature 354182-84; Houghten et al. (1991) 
Nature 354184-86) and combinatorial chemistry-derived 
molecular libraries made of D- and/or L-con?guration 
amino acids; 2) phosphopeptides (e.g., members of random 
and partially degenerate, directed phosphopeptide libraries, 
see, e.g., Songyang et al. (1993) Cell 721767-778); 3) 
antibodies (e.g., polyclonal, monoclonal, humaniZed, anti 
idiotypic, chimeric, and single chain antibodies as Well as 
Fab, F(ab‘)2, Fab expression library fragments, and epitope 
binding fragments of antibodies); and 4) small organic and 
inorganic molecules (e.g., molecules obtained from combi 
natorial and natural product libraries). 

[0058] One candidate compound is a soluble full-length 
phosphodiesterase or fragment that competes for cGMP or 
cAMP binding. Other candidate compounds include mutant 
phosphodiesterases or appropriate fragments containing 
mutations that affect phosphodiesterase function and thus 
compete for cGMP or cAMP. Accordingly, a fragment that 
competes for cAMP or cGMP, for example With a higher 
af?nity, or a fragment that binds cAMP or cGMP but does 
not hydrolyZe it, is encompassed by the invention. 

[0059] The invention provides other end points to identify 
compounds that modulate (stimulate or inhibit) phosphodi 
esterase activity. The assays typically involve an assay of 
events in the signal transduction pathWay that indicate 
phosphodiesterase activity. Thus, the expression of genes 
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that are up- or doWn-regulated in response to the phosphodi 
esterase dependent signal cascade can be assayed. In one 
embodiment, the regulatory region of such genes can be 
operably linked to a marker that is easily detectable, such as 
luciferase. Alternatively, phosphorylation of the phosphodi 
esterase, or a phosphodiesterase target, could also be mea 
sured. 

[0060] Any of the biological or biochemical functions 
mediated by the phosphodiesterase can be used as an end 
point assay. These include all of the biochemical or bio 
chemical/biological events described herein, in the refer 
ences cited herein, incorporated by reference for these 
endpoint assay targets, and other functions knoWn to those 
of ordinary skill in the art. 

[0061] In the case of the phosphodiesterase, speci?c end 
points can include cAMP and cGMP hydrolysis and a 
decrease in protein kinase A activation. 

[0062] Assays for phosphodiesterase function include, but 
are not limited to, those that are Well knoWn in the art and 
available to the person of ordinary skill in the art, for 
example, those found in Soderling et al., (Proc. Nat’lAcad. 
Sci. USA. 9617071-7076 (1999), for example, page 7072, 
Which also discloses cGMP-binding assays. Assays for 
phosphodiesterase function are also disclosed in US. Pat. 
Nos. 5,798,246; 5,581,784; 5,702,936, all of Which are 
incorporated by reference for these assays. Assays are also 
disclosed in Houslay et al. (1997), TIBS 221217-224, Bloom 
et al. (1996), Proc. Natl. Acad. Sci, USA 93114188-14192, 
Zhu et al. (1997) J. Biol. Chem. 272116152-16157, and 
Beavo (1995), Physiological Reviews 751725-748, also 
incorporated by reference for these assays. 

[0063] Binding and/or activating compounds can also be 
screened by using chimeric phosphodiesterase proteins in 
Which one or more domains, sites, and the like, as disclosed 
herein, or parts thereof, can be replaced by their heterolo 
gous counterparts derived from other phosphodiesterase 
isoforms of the same family or from phosphodiesterase 
isoforms of any other phosphodiesterase family. For 
example, a catalytic region can be used that interacts With a 
different cyclic nucleotide speci?city and/or af?nity than the 
native phosphodiesterase. Accordingly, a different set of 
signal transduction components is available as an end-point 
assay for activation. Alternatively, a heterologous targeting 
sequence can replace the native targeting sequence. This Will 
result in different subcellular or cellular localiZation and 
accordingly can result in having an effect on a different 
signal transduction pathWay. Accordingly, a different set of 
signal transduction components is available as an endpoint 
assay for activation. As a further alternative, the site of 
modi?cation by an effector protein, for example phospho 
rylation by protein kinase A, can be replaced With the site 
from a different effector protein. This could also provide the 
use of a different signal transduction pathWay for endpoint 
determination. Activation can also be detected by a reporter 
gene containing an easily detectable coding region operably 
linked to a transcriptional regulatory sequence that is part of 
the native signal transduction pathWay. 

[0064] The invention provides competition binding assays 
designed to discover compounds that interact With the 
phosphodiesterase. Thus, a compound is exposed to a phos 
phodiesterase polypeptide under conditions that alloW the 
compound to bind or to otherWise interact With the polypep 


































































