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PHOSPHODMESTERASES

TECHNICAL FIELD
This tnvention relates to nuckeic acid and amine acid sequences of phosphodiesterases and to
the use of these sequences in the dlugnosiz. trealment, and prevention of eye, nevrolugical,
cardiovascular. cell praliferative, and autcimmune/inflammatory disorders, and in the assessment ol
the effects of exogenous compuands oo the expression of micleic acid and amine acid sequences of

phosphodesterases.

BACKGROUND OF THE INVENTION

Fhosphodiesterases make up a class of enzymes which catalvze the hydrolysis of one of the
two cstet bonds in a phosphodiester compound. Phosphoiesterases are therefore cracial to a vanety
of cellular processes, Phosphodiesierases inclede PDNA and RNA endomicleases and exonucleases,
which are gasential for coll growth aiud replication, und loposemerascs, which break and rejoin
nucieic acid strands during wpotogical resrrangement of DNA. A Tye-DNA phosphodtestierase
Fanctians in [NA repair by hvdralyzing dead-end covalent intermediates formed between
topoisamesase T and DINA (Poulion, 1), et al. (1999) Science 286:552-533; Yang, 5.-W. (1994) Proc,
Natl, Acal Sei UBA 93:11534-11539

Acid sphingonyelingse is a phosphodicsterase which bydroelvzes the membrane phospholipid
sphingomyelin (o produce ceramide and phospharyicholine. Phosphorylcholine is nsed in the
synthesis of phosphatdylcholine, which is involved in numerous intraceliular signaling pathways,
while ceramide 1s an essential procarsor for the generation of gangliosides, membrane hpids found in
high concuntration o newrel tissue. Defective seid sphingamvelmese leads 1 a hudd-up of
sphingomyciin maoleenles in lvsasomes, resulring in Niemann-Pick disease (Schuchman, EI1 and
S.R. Miranda (1997} Genet. Test. B 1319

Glveerophosphoryi diester phosphodiesrerase {alse known ax glycerophosphodiester

phosphodicsterase) is 8 phosphodiesterase which hydrolyaes deacetylated phospholipid
glveerophasphediesters 1o prodace sn-glveerol-3-phasphute and an alcohol. Giyeerophosphocholine,
glycerophesphocthanolamine, glycerophospbogiyeerol, and glycerophosphoinasitol are examples of
substrates for glycerophosphoryl diester phosphodiesterases. A glyceropbosphoryl diester
phosphodiesterase from E. coll has broad specifieny for glyeeraphosphodiester subsrrates (Larsan,

T.J. eral.{1983) I. Biol. Chem, 245:5428-5432).

Cyelfe aucleotide phosphodicsterases (PDEs) are crucial enzymes in the regqulation of the
cyche nucleotides cAMP and cGMP. ¢cAMP and cGiVIF function as inrracelluiar sceond messengers

to Irmsduce a variety of extizeellular signals including honmones, light, and neurotransimitters, PDEs
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degrade eyelic nucleotides to their corresponding monophosphares, thereby regulating the
intracellular concentrations of cyclic nuclectides and their effects on signal transduction. Due to their
roles as regulators of signal tronsduction, PDEs have been extensively studied as chematherapeutic
targets (Persy, M1, and G.A. Higes (1998) Curr. Opin. Chem. Biol. 2:472-481; Torphy, 1 1. (1998;
Am, I, Resp. CriL. Care Med. 157:351-370).
Cyclic nucleotide phosphodiestarase fam

Families of mammalian PDES have been claxsified based on thetr substrace specificity and
affinity, sensitivily to cofactors, and sensitivity to inkibitory agents (Beava, LA, (1995} Physiol. Rev.
75:725-7148; Conti, M. et al, {1995) Endocrine Rev. 16:370-3891. Several of these families contain
distinct genes, many of which are expressed in different tissues as splice vaguanis. Within PDE
families, there are multiple isozymes and multiple splice variants of these isazymes (Conni, M. and

S.-L.C. Jin (1999) Prog. Nucleic Acid Res. Mel. Biol. 63.1-38). The existence of multiple PDE

families, isozymes, and splice varants 1s an mdication of the vanety and complexity of the regulatory
pathways invelving cyulic nucleotides (Houslay, M.I. and G. Milligan {1997) Trends Biochem. Sci,
12:217-224).

Type | PD¥Es (PDELs} are Ca™/calmodufin-dependent and appear to be encoded by at least
three different genes, cach having at least two different splice vanants (Kakkar, B, et al. (1999) Cell
Mo, Life Sci. 35:1164-11306). PDE s have been found in the lung. beart, and brain, Some PDEI

isozymes are regulated in vitro by phosphorylation/dephospharylation. Phospharylation of ihess

PDEI isozymes decreases the affinity of the enzyme Tor calmodulin, decresses PDE activity, and
increaces steady state levels of cAMP (Kakkar, supra). PIH1s may provide useful therapeutic wargets
for disorders of the centritl nervons system, und the curdioviscular and immune systerns due to the
invalvement of PDE1s in hath cyclic nucleotide and calcium signaiing (Perry, M.J. and G.A. Higgs
{1998) Curr. Opin. Chem. Biol. 2:472-481).

FDI2

are cGMP-stimulated PDEs that have been found in the cerebellum, neovcorlex, heart,
kidney. lung, pulmonary anery, and skeletal muscle {Sadibu, K. e al. {1999} 1. Histochem. Cyochem,
47:855-906). PDE2s are thought 10 mediate the effects of cAMP on catecholamine secretion,
participate in the regulation of aldosierone (Beavo, supra), and play 2 role in elfactory signal
transduction (Juilfs, D.M. et al. (1997) Proc. Watl. Acad. Sei. USA 94:3388-3395).

PDE3s have hagh alfimty Tor both cGMP and cAMP. and sa these cyelic nucleotides act as
competitive substrates for PDL3s, PDE3s play reles in stimulating myecardtal contractility,
inhibiting platelet aggregation, relaxing vasculur and sirway smooth muscele, inhibiting proliferation
of T-lymphocyres ard culred vascaiar smeath muscle cells, and regulating catecholamine-induced
release of free fatty acids from adipose tissue. The PDES family of phosphodiestersses are sensitive

ific inhibitots such as cilostamide, enoximone, and lixazinone. Isozymes of FDE3 can be

s
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repuluted by cAMP-dependent protein kinase, ar by insulin-dependent kinases (Degerman, E. etal.
(1997) 1. Biol. Chem. 272:6823-6826).

PDEA4s are specific for cAMP: are localized to airway smooth muscle, the vascular
endothelium, and all inflammatory esils; and can be activaied by cAMP-dependent phosphoty lavian.

Since clevation of cAMP levels can kead to suppression of intflammatory cell activation and 1o

relaxation of branchial smooth muscle. PDEds have heen sdied exier y as possible targets for
novel ant-inflammatory agents, with special emphasis placed vn the discovery of asthma reatments.
PDE4 inhibiters are currently undergoing chnical trizls as reatments for asthma, chironie obstructve
pulmenary disease. and atopic ccrema, All four known isozymes of PDE4 are susceptible (o the
inhibitor rolipram, a compound which bas bren shown to unprove behaviaral memory in mice
(Barad, M. et al. (1998} Proc, Natl, Acad. Sct. USA 95:15020-15025}. PDE4 inhibitors have also
peen shudied as possible therapeatic agents against acute lung injury, endotoxemia, rheumatoid
arthritis, multiple sclerosis, and various neeralogical and gaxiroimestinal indicaiions (Doherty, AM.
(19993 Curr. Opin. Chem. Biol. 3:466-473).

PDES ix ighly selective for cGMP as a substrate (Turko, LY. ot al. (1998} Biochemisiry
37:4200-3205), and has two allosteric cGMP-specific binding sites tMcAllister-Locas, L.M. et al,
(1995} 1. Biol. Chem. 270:30671-306791. Binding of eGMP to these allosterie binding sites seems o
he important for phosphorylation of PES by «GMP-dependent protein kinase rmiher than for direct
regulation of catalytic activity. Righ levels of PDES are found in vasculur smooth nuscle, plaielets,
lung. and kidney. The inhibitor zaprinast is effective sgamst PDES and PDE (s, Modificaion of
zaprinast to provide specificity against PIES has resuked in sildenatil (VIAGRA; Pfizer, inc., New
York MY, a treatment for male ereeiile dysfunction (Ferrett. N. et al. {1996) Bivorg. Med. Chem.
Lete. 6:1519-1824). Inhibitors of PDES are comrentty being siodied as agents for curdiovaseular
thesapy tPerry, M.J. and G.A. Higes {1998) Curr. Opin. Chem. Biol. 2:472-481),

PDE6s. the photoreceptor eyelte nuclectide phosphodsesterases, are crucial components ol
the photatransducrion cascade. In association with the G-protwin ransducin. PDEbGs hydrolyze ¢cGMP
i regulute cGMP-gated cation chamnels in photoreceptor membranes. 1o addition o the cGMP-
binding active site, PDESs alse have two high-sflimity eGMP-binding sites witich are thought to play
a regulacary role i PDES function (Artemyey, N.O. et al. (1998) Mcthods 14:93-104). Defects in
FDEGs have been associated with retinal disease. Retinal degeneration in the rd mouse (Yan, W. el
al. 11998) Invest, Opthalmol. Vis. Sci. 39:2529-2536), autosomal recessive relimtis pigmentosa 1o
humans (Danciger. M. et al. (1935) Genomics 38:1-7), and rod/cone dysplasta [ in [sh Setter dogs
(Suber, ML, et al. {1993} Proc. Natl. Acad. S¢i, USA $0:3968-3972) have been anribused o
mutations in the PDEGB pene.

The PDE? family of PDEs consiste of anly one knawn member having multiple splics

JP 2004-500818 A 2004.1.15
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variants {Bloom, T.J. and 1A Beavo (1996) Proc. Nl Acad. Sci. USA 93;14)88-14192), PDETs
are cAMP specific, but Jittle clse is known about their physiological function. Although mRNAs
cncading PDIEYs are found in skelecal muscle, beart, brain, Tung, kidney, and pancreas. expression of
PDET proteins is resiricted 10 specific tissue types (Han, P, etal. {1997) 1. Biol. Chem, 272:16152-
16157; Perry. MLI. and G.A. Higgs (1998) Curr. Opin. Chem. Biol. 2:472-481). PDETs are vory
closely related to the PDE4 family, however, PDE7s ate pot inhibited by relipram, a specitic inhibitor
of PDEAs (Beavo, supra).

PDESs are cAMP specific. and are closely related to the MDE4 family. PIDESs are expressed
in thyroid gland. tesds, eve, liver, skeletal musele. heart, kidney. avary, ond brain. The cAMP-
hydrolyzing activity of PDESs is not inhibited by the PDE inhibitors relipram, vinpocetine.
miinnune, IBMX (3-isgbutyl- 1-methylxanthine). or zaprinast. but PDESs are inhibited by
dipyridamole (Fisher, [3 A, ctal. (1998} Biochem. Biophys, Res, Commun. 246:570-577; Hayashi.
M. et ol (1998) Biochem, Biophys. Res. Comnaun, 230:751-756; Soderling, S.H. et o1, (1998) Proe,
Wail. Acad. Sei. USA 93:89%1-85%6).

PDEYs atc cGMP specific and most clasely resemble the PDES family of PDEs. PDEYs are
expressed in kidney, liver, lung, brain, spleen. and small intestine. PDESs are not inhibited by
sildenafil (VIAGRA: Plizer, Inc., New York NY), rolipram, virpocetine, dipytidamole, or [BMX (3-
igoburyl- i-methylxanthine), but they are sensitive to the PRES inhibitar zaprinast (Fisher, DA, enal,
(19981 I. Biol. Chem. 273:15559-15564; Sodurling, S.H. et al. (1998} 1. Riol, Chem, 273.15553-
13338},

FLE10s are dual-substraie PDEs. biydrolyzing both c AMP and cGGMP, PDELGs are expressed
in brain, thyroid, and 1estis. (Sederling, 5.H. et al. {1999) Proc. Nail. Acad, Sci. USA Y6:7071-7076;
Fujishige, K. et al. (19997 J. Biol. Chem. 274:18438-18445; Loughntey, K. etal (F999) Gene 234:109-
117}

Crelic nucleetjde phosphodiesterase strueraee

PDEs arc composed of o catalytic domain of sbout 270-300 amine acids, an N-wwrminal

3 v domain responsible for binding <, and, in some cases. a hydrophilic C-terminal
domain of unknewn function (Conti. M. and $.-L.C. Jin {1999} Prog. Nucleic Actd Res, Mal. Biol,
63:1-38), A conserved, putative zing-binding motif hias been identified in the catalytic damain of all
BlEs. N-terminal regulatary domains include non-catalytic cGMP-binding domains in PDE2s,
PDESs, and PDESs: calmedulin-binding demains in PDE 15 and domuins containing phesphorylation
sites i PUE3s and PDE4s. In PDES, the N-terminal cGMP-binding domain spans about 33¢ amina
ucid rexidues and comprises tandem repeats of 2 conserved seguence motil (MeAllster-Lucas, LM,
etal (19931 1. Biol. Chem. 268.22863-22873). This motif has becn shown by mulagencsis to ke
important for cGMP binding (Turko, LY. et sl. (1996) 1. Biol. Chem. 271:22240-22244). PDE

JP 2004-500818 A 2004.1.15
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iamilies display approxsmately 30% emine acid idepuity within the catalytic domain: however,
isozymes withip the same family 1ypically display about 85-95% identity in this region (e.g. PDE4A
v PDEAB). Furthermore, within a family there is extensive similarity (>60%) outside the catalytic
domain; while across families. there is little o ne seguence simiiarity outside this domain.
Cyclic nucksotide phosphodiesterases in disease

Many of the constiruent funcrions of immune and inflammalory responses are inhibired by
agents that increase intracellular levels of cAMP (Verghese, MW, et al. (1995) Mol. Pharmacel.
47:1164-1171). A variery of diseases have been attributed 10 tnereused PDE activity and associated
with decreased levels of cyclic mucleatides, For cxample, a form of diabetes insipidus in mice has
been associated with increased PDE4 activity, an increase in Jow-K,, c AMP PDE activity has been
reported in leukocytes of atopic patients, and PDES has been assoctated with cardioc disease.

Many iotubitors of PDEs have been wentified and have undergone clinicat evaluation (Perry.
M.J. and G.A. Higgs (1998) Curr. Opin. Chem. Biol. 2:472-431: Torphy, T_J. (1998 Am. J. Respir.
Lrit. Care Med. 157:351-374). PDE3 inhibitors are being developed s antithrombotic agents,
antibyperiensive apents, and as cardictonic agents useful in the treatment of congestive heart fulure.
Rolipram, & PIXE4 inhibitor, has been used 1o the treatment of depression, and oither inkibitors of
PDE4 are undergoing evaluaiion as ami-inflammatory agents. Rolipran has also been shown 1o
inhibit lipopalysaccharide (LPS) induced TNY- iz which has been shown ro enhance BEV-1 replication
in vitre. Thercfore. rolipram may inhibit HIV-1 replication (Angel, 1B. et al. {1995) AIDS

9:1137-1144). Addidonally, rolipram. based on ils ability 16 suppress the production of cytokines
such as TNF-f and 5 and interferon ¥. hag been shown to be effective in the treatment of
encephalomyclitis. Rofipram may also be effective in treating tardive dyskinesia and was cffective in
treating multiple sclerosis in an experimental animal model {Sommer. N. et al. (1993) Nat. Med,
1:244-248; Sasaki, H. er al, (1993) Eur. J. Pharmacel, 282:71-761,

Theophylline is a nonspecific PDE inhibiror used in the treatment of bronchial asthma and
other respiratory discascs. Theophylline is believed to act on airway smooth muscle fanction and o
an anti-inflammatery or immunomodulatory capacity in the treacmem of respiratory discascs (Banner,
K.H. and C.P. Page (1995} Eur. Respir. ). 3:996-1000). Pentoxifylline is another nonspecific PDE
hibiter used in the reatment of intermittent clavdication and diabetes-induced periphecal vaseular
disease, Pentoxifyiiine is also known to block TNF- i production and may inhibil HIV-1 replication
(Angel et al., supea).

PDEs have been reportad ro affect cellular preliferation of a variety of <ell types (Conti ct al.
(1995) Endocnne Rev, 16.370-389) and have been implicated in various cancers. Growth of prostate
carcinoma cell lines DUL43 and LKCaP was inhibired by delivecy of cAMP denvatives and PDE
inhibitors (Bang. Y J. et al. 11994) Prec, Natl. Acad. Sci, USA 91:3330-3334), These cells also

5
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showed a prermanent cenversion in phenotype from epitheliul (o neoronal morphelogy. It hus also
been suggested that PDE inhibitors have the patential ro regulate mesangial cel] preliferation
{Muwusovic, K. et al. {1995} 1. Clin, Invest. 96:401-4103 amd lymphocyte proliferation (Joukuin, C.
al. (19951 I. Lipid Mediat. Cell Signal. 11:63-79). A cancer treatment has been described that
involves intracellulor delivery of PDEs to particular cellular compartments of tumors, resuiting in cell
death (Deonarain. M.P. and A.A, Epenetos (1994) Br. 1. Cancer T0:786-794},

The discovery of new phosphodiesterases and the pofynucleotides encoding them satisfies a
need in the art by praviding new compositions which age wseful in the diagnesis, prevention, and

treatment of eye, neurological, cardiovascular, cell proliferative, and antomimuns/intlammatoty

disorders, and 1n the assessment of the effects of exogenous compeunds oo 1he eapression of nuelee

acid and annno acid sequences of phosphodiesterases.

SUMMARY OF THE INVENTION

The invention features partfied polypeprides. phosphodiesteruses, reflcmed (o collectively as
“HPDE” and individually a5 “HPDE-L." "HPDE-2," and “HPDE-3." In one aspect. the invention
provides an isolated polypeptide comprising an amino acid sequence selected from the group
consisting of a) an amino acid sequence selected from the proup consisting of 1Q 12 NO:1-3, by a
patrally occurring amino acid scquence huving at least 90% sequence identity t an amino acid
sequence selected from the group consisting of SEQ 112 80:1-3, <1  biclogically active fragment of
an amino acid sequence selected from the group censisting of SEQ ID NO:1-3, and d) an
immunegenic fragment of an aming acid scquence selected from the group consisting of 51Q 10
NO:1-3, In one aliemative. she inveation provides an isolated polypeptide compriving the amima avid
sequence of SEQ 1D NO:1-3.

The invention further provides an isokuted polynucieotide encoding a polypeptide comprising
an amine acid sequence selected from the group consisting of a) an amine acid sequence selected
frors the group consisting of SEQ ID NO:1-3, b} a natarally oceurring amina acid sequence having at
least 90% sequence identity 1o an amine acid sequence selocted frory the group consisting ol SEQ 1)
NO:1-3, ¢} a biclegically active fragment of an amne acid sequence sclected from the group
camsisting of SEQ D NO:1-3, and d) an immunogenic fagment of an amine acld scquence selocted
from the group consisting of SEQ ID NO:1-3. In one allernative. the polynuclectide encodes a
polypepude seiected [rom the group consisting of SEQ 1Y NO:1-3. In another alternative, the
polynucieotide is sclected from the proup consisting af SEQ 1D NG:4-6.

Additianally, the inveativn provides o recombinant pelynucleotide comprising a prometer
sequence operably linked o a polypuclestide encoding a polypeptide comprising an amine acid

sequence seleered from the group consisting of a} an amine acid sequence selected from che group

JP 2004-500818 A 2004.1.15
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consisting of SEQ ID NO:[-3. by a natorally occurring zmine acid sequence having at least 90%
sequence identicy to an amino acid sequence selected from the growp consisting of SEQ D NO: -3, ¢)
a biologically active fragment of an amino acid sequence selected from the group consisting of SEQ
ID NO:1-3, and &) an immunogenic [ragment of an anune acid sequence selected from the group
consisting of SEQ ID NG:[-3. In one ahernative, the mvention provides a cell transformed wath the
recombinant palynucleovide. In anether alternative. the invention provides a transgenic organisim
samprising the recombinant polynncleotide.

‘The invention &lso provides a2 method for producing a polypeplide comprising an amino acid
sequenice selected (rom the group consisting of 2) an 2mine acld sequence selecled rom Lthe group
cemsisting of SEG UD NO:1-3, b) a natwraily accurring amino acid sequence having ar least $0%
seguence wennty o an grune acid sequence selected fron the group consisting of SEQ D NO:1-3, ¢}
2 biotogically active fragment of an amino acid sequence selecied from the group consisting of SEQ
I NO:1-3. and d} an immunogenic fragment of an ammno acid sequence selected from the grovp
cansisting of SEQ 1D NO:1-3. The methoid comprises a} culturing z ceil under conditions suitable for
expression of the polypeptide, wherein said cell is wansforned with a recombinant polynucluolide
comprising a prommoter sequence operably linked to a polynucleotide encoding the pobypeptide. and by
1ecovering the polypeptide ro expressed.

Addilionally, the inventien provides an isvlaled antibody which specifical ly binds w a
polypeptide comprising an amino acid sequence sclected from the group consisting of al aw amino
acid sequence selectad from the group consisting of SEQ ID NO: -3, by 2 naturally oceurring amune
acid sequence having at least 909 sequence idenlity to an uming acid sequence selected from the
proup consisting of SEQ [D N(Q:1-3, ¢} a biolegically active fragment of at armino acid sequence
selected from the group consisting of SEQ ID NO.1-3, and d) an immagogenic (rmyment of sn aming
acid sequence selected fram the group consisting of SEQ D NO: -3,

The invention further provides an isolated potynucleoride comprising a polvnacleotide
sequence selected from the group consisting of a) a polynucieotide sequence selected fram the aroup
consisting of SEQ) 1D N(k4-6, b) & naturilly occuning polynucleotide sequence having at least 90%
sequence identity W # polynuckonde sequence selected from the group conxisting of SEQ 1D NO:4-6,
¢} a polynucleotide sequence complementary te ak. &} a polynucleotide sequence complementary o
b), and ¢} an RNA equivalent of a}-d}. In ane alternative, the polynuctootide comprises at least 611
contignous meeleotides.

Additionally, the invention pravides a method for derecting a targer polynucleatide in a
sample, said target potynucleatide having 4 sequence of o polynucleotide comprizing a polynucleotide
sequence selected from the graap consisting of a) a polynucleotide sequence selected from the group

consisting of SEQ ID KO:4-6, b) o nuturally occuming polynuckeotide sequence having at least 90%

JP 2004-500818 A 2004.1.15
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sequence identity to a polynucledtide sequence selected from the group consisting of SEQ ID NO:4-6.

<) a polynucleotide sequence complementary 1o i), d) o polynucientide sequence uumplefnemary 1o
b}, and &) an RNA equivalent of a)-d). The method comprises 3) hybridizing the sample with a probe
comprising at least 20 contiguous nucleotides comprising a sequence complenientary to said target
polynucicatide o the sample. and which prabe specifically hybridizes to said target polynucleoride.
under conditions whereby a hybridization complex is formed berween said probe and said target
pelynucleatide or fragments thereof, and b) detecing the prexence or ubsence of said hybridization
complex, and upticnally. if present, the amwunt thereof. In one altemative, the probe comprises at
least 60 contiguous nucleotides.

“The invention further provides a merthod for detecting a target polynucleotide in a sample.
suid target pulynucleotide baving a sequence of a polynucleotide comprising 2 polynucleotide
sequence selected from the group consisting of a) 4 polynuclectide sequence selecied from the group
consisting of SEQ 10 NC:4-6, by a naturally oceurning polynucleotide sequence having at leasl 90%
sequence identity o a polynucleoude sequence selected from the group consisung of SEQ ID NO:w@-6,
¢} a polynucleatide sequence complementary 1o al. ¢} a polymuclestide sequence complementary 1w
b). and €) an RNA equivalent of a)-d). The method comprises a) amplifying said target
polynucleotide or fragment thereof using polymerase chain rezction amplification. and b) detecting
the presence ar ahsence of said amplificd tavget polynuclearide or fragment theteof, and, optionally,
if present, the amount thereof.

The invention further provides @ composition comprising an effective amount of &
polypeptide comprising an amino acid sequence selecled from the group consisting of i) an amino
acid sequence selected from the group consisting of SEQ 1D MO:1-3, b} a naturally occurring amine
acid sequence having at least 205 seyuence identity Lo an amine scid sequence selected from the
group consisting of SEQ [D NO:1-3, ¢} a biologically active fragment of an amine acid sequence
seleeted from the group consisting of SEQ ID NO:1-3, and d) an immunogenic fragment of an aivine
acid sequence selected from the group consisting of SEG ID NO: 1-3. and a pharmaceutically
acceptable excipient. In one embodiment, the composition comprises an amino acit sequence
selected from the gronp consisting of SEQ ID NO:1-3. The invention additicnally provides a reethod
of treating u disesse or vondition associated with decreased expression of functional HPDE,
comprising adntinistering to a patient in need of such trearment the composition,

The invention alse provides o mathed for sercening a eempound for effectiveness as an

agonist of a polypeptile comprizing an amino acid srequence selected from the groap consisting of a)
an amino acid sequence selected from the group consisting of SEQ) 10 NO:1-3, by a natarally
occurring amine acid sequence having at least 0% seguence identity to an amino acid sequence

sefected from the group consisting of SEQ I MO 1-3, ¢) a biologicalty active fragment of an amino
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acid sequence selecied from the group consisting of SEQ [ N(:1-3, ani d) an immunoegenic
fragment of an amine acid sequence selacted from the group consisting of SEQ ID NQ:1-3. The
method comprises a) exposing 4 sumple compristng the polypeptide w & compound, and b) deteciing
agonist activity in the sample. In one alterative. the invention pravides 2 composilion comprising an
aganist compound identified by the method and & pharmaceutically acceptable sacipient. In another
altemative, the invention provides & method of treating a diseuse or condition associated with
decreased expression of functional HPDE. comprising administering to a patient in need of such
treatment the compasition.

Additionally, the invention provides a rethod for screening a compound for effectiveness as
an antagonist of a polypeptide comprising an armino acid sequence selectad from the grovp cansisling
of ) an aming acid sequence selected from the group consisting of SEQ 1D NO:1-3, b} a nawrally
occurring amino acid sequence having at least $0% sequenrs ientity to an amino acid sequence
selected from the group consisting of SEQ 113 NO: 1-3, ¢} a bivlogteally active lragment of an amino
acid sequence selected from the group consisting of SEQ TD NO:1-3, and d} an immunogenic
fragment of an amino acid sequence selected from the group consisting of SEQ [D NO:1-3. The
method comprises a) exposing u sample comprising the pelypeptide to a compound, and b} detecting
antagonist activity in the sample. In orc alternative. the invention provides a compusition comprising
an antagonist compound identified by the method and a pharmaceurically acceprable excipient. In
another altemative, the invention provides @ methud of treating a disease or condition associated with
overeapression of functional 1IPDE, cemprising adminisiering to a patiem in nexd of such reatment
the composilion.

The invention futther provides a method of sceeening for 4 compeund (hut specitically binds
1o a polypeptide comprising an amine acid sequence setected fram the greup consisting of 1) an
amino acid sequence sclected from the group consisting of SEQ TD NO:1-3, b} a nawerally vccurning
amine acid segaence baving at least 90% sequence identity (o an amina acid sequenee selected from
the group consisting of SEQ ID NG:1-3, ¢) « biclogically active fragment of an amina acid scquence
selected frorn the group consiscing of §EQ I NO:i-3, and d} sn immunogenic fragment of an amino
acid segnence selected from the group consisting of SEQ 1D NO:1-3. The method comprises a)
comhining the polypeptide with at least one test compound under snitabie conditions, and b)
detecting binding of the polypeptide 1o the test compound. thereby identifying a compeund that
specifically binds to the polypeptide.

The vention further provides a method of serecning for a compound that modulates the
activity of a polypeptide comprising 2n amino acid sequence sclected from the group consisting of a)
an amino acid sequence selected from the group consisting of 8EQ ID NO:I-3. bl a natwrally

pcewrring amino acid seguence having at lzast D0% sequence identity to an aming acid sequence
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selected frem the grosp consisting of SEQ 112 NCQ:1-3, ¢} a biologically active fragwent of an amine
zcid scquence sclected from the group consisting of SEQ ID NCx1-3. and d} an immunogenic
fragment of an amina acid sequence selected Trom the growp consisting of SEQ 1D NO:1-Y The
methed comprises a) combning the polypeptide with at least one test compound under conditions
penmissive for the activity of the polypeplide, b) assessing the activity of the polypeptide m the
presence of the test compound. and c) eamparing the activity of the polypepride in the presence of the
test compannd with the activity of the polypeptide in the absence of the test compound, wherein &
change in the actjvity of the polypeptide in the presence of the test compound 15 indicative of &
compound that modulates the activity of the polypeptide.

The invention further provides 4 metkod for screening a compound for effectiveness in
altering exptession of a target polynucleotide, wherein said target polynucletide comprises a
sequence selected fram the group consisting of SEQ ID NQ:4-6, the method campnising a) exposing a
sample comprising the target pelynucicotide to a conpound, and b} detecting altered expression of
the tacget polynuclestide,

The invention further provides a method for assessing toxicily of a test compound, satd
method camprising 2] treating a biclogical sample containing nucleic acids with the test compound;
) hybridizing the nucleic aeids of the ireated bivlogical sumple with a probe comprising at [east 20
contiguous nuclectides of a palynuclectide comprising @ polynucleatide sequence selected from the
graup consisting af i} a pelynuciestide sequence scelected from the group consisting of SEQ 1D No:t-
6, i1} a naturally oscursing pelynusletide sequence having at least 90% sequence identity 10 a
polynucleotide scquence selected from the group consisting of SEQ 1D NO:4-6. §ii) a polyrucleotide
sequence complementary 1o 1), 1) a polynucleotide sequence camplementary (o if). and v} an RNA
equivalent of i}-iv). Hybridization cocurs under conditions whereby a specific hybridization complex
is formed between said probe and a target polynucleatide in the biological sample. said target
polynucleatide comprising a pelynucleotide sequence selected from the group consisting of i) a
polynucleotidr sequence selected from the group consisting of SEQ (13 NO:d-6. i a naturally
oocurring polynucieotide sequence having at teast $0% sequence identity to a polynucleatide
sequence selected from the group consisting of SEQ LI NO:4-6, idi} a polynucleotide sequence
complementary 1o i, iv) a polynucieotide sequence comptementary ta it), and vy an RNA eguivilent
of it-iv). Ahematively, the targer polynucleotide comprises a fragmeni of u polynuciectide sequence
selected from the group consisting of 13-} above: ¢} quantitying the amount of hybridization
complex; and d) comparing the arount of hybridization complex in the treated biological sample
with the amomt of hybridization complex in an untreated biological sample. wherein a difference in
the amount of Aybridization complex i 1he treated hiological ample is indicative of toxicity of the

tesr compound.
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BRIEF DESCRIPTION OF THE TABLES

Table } summacizes the nomenclature For the full length polynuclestide and polvpeptide
seguences of the present invention.

“T'able 2 shows the GenBank identification number and annotation of the nearest GenBank
homolog for poiypeptides of the invention. The probability score for the match between cach
polypeptide and its GenBank homolog is also shown.

Table 3 shows structural features of polypeptide sequences of the invention, including
predicted motifs and domaing, along with the methods, algorithms, and searchabte databases used for
analysis of the pulypeptides,

Tabte 4 lists the cXNA fragments which were used 1o assembie polynucleatide sequences of
1he invention. along with selected fragments of the pelynucieotids sequences,

Table 5 shows the representative cDNA [ibrary for potynucleotides of the invention.

Table & provides an appendix which daseribes the tissues and vectors used for construction of
the clINA fibraries shown in Tuble 5.

Table 7 shows the tools, programs. and algorithms uscd (0 analyzc 1he polynucleotides and
polypeptides of the invention. along with applicable descriptions, references, and threshold

parameters.

DESCRIPTION OF THE INVENTION

Before the present proteins, nucleotde sequences. and methods are desenbed, 1t is understond
thag this inventien is pot limited to the partivular machines. mterials and methods described, as these
may vary. It is #lso o be understood that the terminology used herein 1x for the purpose of describing
particular smbodiments only, and is not intended ro [imit the scope of the present invention which
will be limiled anly by the appended clums.

[t muse be poted that as used kerein and in the appended claims, the sinpulac forms “a.” “an.”
and “the” inclode plural reference unless the context clearly dictates otherwise. Thus, for example. a
reference to “a host celi” includes a plurality of such host cells, and 2 reference 1o “an aniibody™ is a
relerence o one or more anlibodies and equivalents thereo! knows to those skilled in the art. and so
Torth,

nless defined otherwise, all technical and scientific serms used herein have the sume
meanings as commoniy understood by one of ordinary skill in the att 10 which this invention belongs.
Although any machines, matertals, and metheds similar or equivaicnt 1o those described herein can be
used to practice or test the present invention, the preferred machines, materials and methods are now

described. All publications mentioned herein are cited for the purpose of describing and disclosing
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the cell lines, protocols, reagents and vestors which are reported in the pablications and wh ich might
be used in conmection with the invention. Nalhing herein is 10 be construcd as an admission that the
invention is not entitled to antedate such disclosurs by vinue of prier invention.

DEFINITIONS

“HPDE” refers t the amino acid sequences of substantizlly purified HPDE obwined from
any specics, particularly a mammalian species, inchuding bovine, ovine, poretne, marine, equine, and
homan, and from any source. whether natural. synthetic, semi-synthetic, or reconbinant.

The term “agonist” refers to ¢ moleculs which intensifics or mimics the biological activity of
HPDE. Agonists may include proteins. mcleic seids, carbohydrates, small molecules, or any other
compound o composition which modulates the activity of HPDE either by directy interacling with
HFDE art by acting on components of the biological pathway in which HPDE panicipates.

An “ailelic varant” is an aliemative form of the gene encoding HPDE. Allelic variams may
rexull from at l2ast onc mutation in Lhe nucleic acid sequence and may result in altered mRNAs orin
polypeptides whose structare or function may or may not be allered. A gene may have none, one. ar
many llelic variants of its naturally accurring form. Common mutational chantges which give zise to
alielic variants are gencrally ascribed to naturul deteiions, additions, or substitutions of nueleotides.
Each of these types of changes may occur alon, or in vombination with the olhers, one or more tines
N a given seguence.

“Allerad" nucleic acid sequences encoding HPDE include those sequences with deletions,
insertions, or substitutions of different nucleotides. Tesulting in a polypeptide the same as RPDE or a
polypeptide with at least one functionat characteristic of HPDE. Incheded within this definition are
polymorphisms which may cr may not be readily detcctable using a pacticular oligonucteotide probe
of the polypucleotide encoding HPDE. and improper or nnexpecred hybridization to aflelic variants,
with a locus ofber than the normal chromosamal lecus for the poeiynucleotide sequence encoding
HPDE. The cncoded protein may glso be “altersd,” and may contain defetions, inscrtions. or
substitutions of amino acid residues which produce a sileat change and resuic in a functionally
cquivalent EPDE. Deliberate amnino acid substitutions may be male on the kasis of similarity in
polarity, charge, solubility. hydrophobicity, hydrophilicity, undfor the amphipathic nature of the
residucs. as leng s the bological or immunelogical activity of HPDE is retained. For example.
negatively charged amino acids may include aspacic acid and glitamic acid. and positively charged
aming acids may include fysine and arginine. Amine acids with uncharged potar side chains having
similar hydrophilicity values may include: isparagine and ghatamine: and serine and threonine.,
Arnino acids with uncharged side chains having similar hydrophilicity values may include: leucine.
isoleucine, and valine; glycine and alanine: and phenylulanine and yrosine.

The terms “aming acid” and “amino acid sequence”™ refer to an oligopeptide, peptide,

12

JP 2004-500818 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

245

30

(92)

WO §1/55358 PCTAIS01/0284%

[olypeplide, or prolein sequence, of 4 fragment of any of these, and to naturally eccurring or synthesic
molecules. Where "amino acid scquence” 1s recited ta refer to a sequence of a naturally eccurring
protein molecule, “amino acid sequence’ and Tike Llerms are not meant to Timit the amino acid
sequence (o the complete native ammnp acid sequence associated with the recited protein moleeuls.

“Amplitication” relates 10 the production of additional copies of a nucleic acid sequence.
Ampiilcation i generally cariied out using polymerase chain reaction (PCR) technologies well
known in the art.

The term “untagonist™ refers 10 o molecule which inhibils or sttenuates the biclogics] activity
of HPDE. Antagonists may include proteins such as antibodies, nucleic acids, carhohydrates, small
malecules, or any other compound or composition which modolates the activity of HPDE eitber by
directly interacting witl: HPDE or by acting on components of the biological pathway in which HPDE
participales.

The term “antibody™ refers to intact immunoglobulin mulecules as well as t fragments
thereof, such as Fab. F{ab’),, and Fv fragments. which are capabie of binding an epitopic determinant,
Antibodies that bind HPDE polypeptides can be preparcd using iatact polypeptides or using,
fragments containing small peptides of interest as the immuttizing antigen. The polypeptide or
<ligopeptide used 10 immunize an animal (&£, 1 mouse. a rat, ar « rabhil} can be denved from the
translarion of RMNA, or synthesized chemically, snd can be conjugated to a carmier protein if desired.
Commonly used carriers that are chenncally coupled to pepndes inclyde bovine seruet albumin,
thyraglebulin, and kevhole limpet hemecyinin (KLH} The coupled peptide is then used to immunize
the animai.

The term “antigenic detenmpant’ refers 1o (hat region of & molecule (Le., an epilupe} that
makes contact with a panicular antibody. When a protein or a fragment of a prowein is used
immunize a host animal, nuerous regions of the protein may induce the production of antibodies
which bind specifically w antigenic determinants (particular regions or three-iimensional simectures
on the proteiny, An atigenic determinant may compete wirth the intact antigen {i.e., the immunogen
used 10 elicit the imunune response) for binding 1o an antibody.

The term “antisense” refers 1o any composition capablc of base-pairing with the “sense™
(coding} strand of a specific nucleie avid sequence. Antisense compositions may include DNA;
RNA; peptide nucleic acid (PNAY. oligonucicetides kaving modified backbone iinkages snch as
phosphorothioates, methylphosphenaies, or benzylphosphonates; oligonucleotides having medified
sugar groups such as 2-methoxyethyl sugars or 2-methoxyethoxy sugars; or olizgomicleatides having
maditied bases such as 3-methyl eytasine, 2-deoxyuracil. or 7-deaza-2'-deoxyguanosing, Antiscnse
melecules may be produced by any method including chemical synthesis or transcripbon. Onge

introduced imo a ccll. the complementary antisense molecule buse-pairs with ¢ naturally oceurring
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nucleic acid sequence produced by the cell 1o farm duplexes which block either wanseription ur
ranslation. The designation “negative™ or “minus” can refer o the antisense strand. and the
designation “positive” or “plus” can refer to the sense strand of & reference DNA moiecule

The torm "biologicalty active™ welers W a protein having structural, regulatory. or biochemical
functions of a naturally occurring molecule. Likewise, “immunclogicelty active” or “immunogenic”
refers to the capability of the atoral, recomtunast, or synthetic HPDE, or of any oligopeptide thereof,
to induce a specific Inynune response in appropriate animals or cells and to bind with specific
antibodies.

*Complementary” describes the relationship between twa single-staunded pucleic acid
sequences that annea! hy base-pairing. For example, 3-AGT-3 pairs with its complement,

I-TCA-S

A “composition comprising a given polyhucleotide sequence™ and a “composition comptising
a given amine ackd sequence” refer braadly (o any composition containing the given polvnuclecride
or aming acid sequence. The compoyition may comprise a dry Tormulanmt or an agueous solution.
Compositions comptising polymcleotide sequences encoding HPDE or fragments of HPDE may he
employcd as hybridization probes. The probes may be stored in freeze-dried fonm and may be
assaciated with a stabilizing agent such as a catbohydrate, In hybridizations, the probe may be
deplayed in an agueons selution containing salts (e.z.. NaCl), detergents {e.g.. sodium dodecy]
suffate; §DS). and other components (¢.g.. Denhardt's seiution. dry milk, saimon specm DMA, ete.).

“Consensus sequence” refers 1o a nucleic acid sequense which has been subjecied to repeared
DNA sequence analysis 1o resolve uncalled bases. extended vsing the XL-PCR kit {Applied
Bicsystems, Fostar Ciry CA) in the 5" and/or the 3 direction. and resequenced. or which has been
assembled from one or more everlapping cDNA, EST. or genomic DNA fragrments using a computer
program for fragment assembly. such as the GELVIEW fragment assembly system {GCG. Madison
Wi) or Phzap {University of Washington. Seattle WA). Some sequences have been both extended and
assembled ta prodoce the consensus scquence.

“Caonservative amino acid substimutions™ are thoxe substitunions that are predicted to least
interfere wilh the properties of the artginat profen, i.e., the strocture and especizily the function of
the protein ix conserved and nol significantly changed by such subsututions. The table belaw shaws
amino acids which may be substituted for an originaf amino acid in a protein and which are regarded

as conservalive amuno acid substitutions.

{riginal Residue Conservative Substitation
Ala Giy. Ser
Asg His, Lys
Asn Asp, Gln, His
Asp Asn, Glo
14
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Cys Ala, Ser
(Gin Asn. Glu, Big
Glu Asp, Gln, His
Giy Ala
His Asn. Arg. Gin, Gl
e Leu, Vul
Len Tle. Val
Lys Arg, Gin, Gin
Met Lew, lle
Phe His, Mew Leu, Trp, Tyr
Ser Cys. The
Thr Ser. Val
Tp Phe, Tyr
Tyr Hix. Phe, Trp
Vat lle, Leu. Thr

20

E

40

Conservative amino acid substilutions generally maintain (a) the struceure of the polypepride
buckbone in The area of the substitution, for cxample. as a beta shest ar alpha helical corformation.
(h) the charge or hydrophebicity of the molecule al the site of the substitution, amd/or (¢} the bulk of
the side chain.

A “deletion” refers to a change in the amino acid or nacleatide sequence that results i the
absence of one ur mure amine acid residues or nucleotides.

The ternt “derivative® refers to a chemically modified palynucizotide or polypeptide.
Cherical modificarions of a polynucieotide can include. for example. replacement of hydrogen by an
alkyl, acyl, hydroxyl, or amino group. A derivative polynuclestide encades a pelypeptide which
retins at Juast one bivlogical or imrmunclogical function of the natral molecule, A derivative
polypeptide 1s one modified by plycosylation, pegylation. or any similar process Lhal retaing at least
one biological or immunological function of the polypeptide from which it was dertved.

A “detectable label™ refers fo & reporter invlecute or enzyme that is capable of generating a
megsurable signal and is covalently or noncovalently joined to a polyrucleotide ar polypeptids

A "fragment” is 2 unigue portion of HEDE ot the peiynucleotide encoding HPDE which is
identical in sequence to but shorter in length than the parent seqoence. A fragment may comprisc up
2o the entire fength of the defined sequence, minus one nucleotide/amine acid residue, For example,
& fragment miy comprise (ron 3 1o 1000 comiguous nacleotides or amino acid resiines. A fragment
used as a probe, primer, antigen, therapeutic molecule, or for other purposes, may be at least 5. 10

15. 16, 20, 25, 30, 40, 50, 60, 75, IO, 150, 250 or at least 500 contigeous nuclentides or amina acid
residucs in length. Fragments may be preferentially selected from cerain regions of a molecule. Far
example. a polypeptide fragment may comprise  certain length of contiguous 2mino acids selected
Troim the first 250 or 300 amino acids (or first 25% or 50%) of u pelypeptide as shovwn in u certain

defined seaquence, Clenrly these lengths are exemplary, and wny lengih that is supponied by the

15
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specilication, including the Sequence Listing, tables, and figures, may be encompassed by the present
embodiments.

A fragment of SEQ 1D M(:4-6 comprises a regon of unique polynncleotide sequence that

specifically identifies 12 11D NOx4-6, fur example, as distinct from any other sequence in the

penome from which the fragment was obtained. A fragment of SEQ ID NOwM-6 is useful. for
example. in hybridization and amplification wehnologies and in analegous methods that distinguish
SEQ ID NOG:4-6 from related pelynucleotide scquences. The precise length of a fragment of SEQ 1D
NOQ-4-6 gnd the region of SEQ I NO:2-6 1o which the fragment corresponds are toutinely
determinablc by one of ondinury skill in the art based o the imended purpose for the fragment.

& fragment of SBEQ 11 NO:T-3 15 encoded by a fragment of SEQ) 1D NO:4-6. A fragment of
SEQ D NO:1-3 corprises a region of unigue amino acid sequence that specifically identifies SEQ
I3 NO:1-3. For example, & fragment of SEC ID N1 -3 js wseful ag an immunogenic pepride for the
developrient of antibodies that specifically recognize SEQ 1D NO:1-3. The precise length of a
fragment of SEQ ID NO:1-3 and the region of SEQ 1D NO:1-3 1o which the frapment corresponds are
routinely determinable by one of ardinary skill in the ant based on the intended purpose for the
fragment.

A “full length” pelynucleotide sequence is une containing al least a transiation iniliation
codan {e.z., methionine} followed by an open reading frame and a wanslation wrmination codon. A
“full kength™ polynucleotide sequence encodes a “full length” polvpeptide sequence.

“"Homology™ refers 10 sequence similarity or. interchangeably, sequence identity. hetween
two or mote polynuglegtide sequences or two op inere polypeptide sequences.

The terms “percent identity” and “% identity.” as applied to polynuclzotide sequences, refer
1o the percentuge of residue iatches between at least two polynuclectide sequences aligned vsing a
standirdized algorihm. Such an algorithm may insert, in 4 stundardized and eeproducible way. gaps
in the sequences being compared in order 10 optimize alignment berween two seguences, and
therefare achieve a mare meaningful comparison of the two sequences.

Percent identity between polynucleotide sequenves may be determined using the default
parameters of the CLUSTAL V algorithin as incorporated inte the MEGALIGN version 3.1Ze
sequence aligninent program. This program is part of the LASERGENE sofiware package, a suitc of
molecular bistogiczl analysis programs (DNASTAR. Madison WI). CLUSTAL V is described in
Higgins, D.(.and PM. Sharp (1989) CAB10S 5:)31-133 and in Higgins, DG, et al (1952) CABIOS
#:189-191. For pairwise alipnments of polynucleotide sequences, the delaull parameters ame sel as
follows: Kiuple=2, gap penalty=3. window=4, and “diagonals saved”=4. The “weighted” residue
weight rable i selected as the default. Percent identity is reported by CLUSTAL V as the “"percent

similagity™ between gligned polynuclentide sequences.

1]
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Alternatively, a suite of commenly used and freely available scyuence comparisen algerithms
is provided by the National Center for Biotechnolugy Ieformation (NCBI} Basic Locat Alignment
Search Tool (BLAST) (Altschul, S.F. et al. {19901 1. Mol. Biol. 215:403-4)0), which is availuble
from several sonrces. including the NCBI, Bethesda, MD, and on the [niernet at
htip:/fwww ncbi nlm.nib.gow/BLAST/. The BLAST software suite includes various sequence
analysis programs including “blastn,” that is used to align a known polymucleotide sequence with
othes polynuclectide sequences from a varicty of databases. Also available is a tool called "BLAST 2
Seguences” that is uscd for direct pairwise companson of two nucieotide sequences. "BLAST 2
Sequences” can be accessed and used interactively st hip:f/www .achi.nimnth. gov/gorfbiz html
The “BLAST 2 Sequences” tool can be used for both blastn and hizslp (discussed belew). BLAST
programs are commonly used with gap and other parumeters set o defanlt settings. For exampie, 1o
compare (wu nucleotide sequences, one may wse blasin with the “BLAST 2 Sequences” tool Version
2.0.32 {April-21-2000) set a1 defauh parameters. Such default parameters may be. for example:

Matrix: BLOSUMEZ

Reward for match: 7

Penalry for mismaich: -2

Open Gap: 5 and Extension Gap: 2 penalties

Gap x drop-off: 30

Expect: 10

Word Stze: 1

Fifter: on

Percent identity may be meusured over the lengrh of an entire defined sequence. for example.
as defined by a particular SEQ 112 number, or may be measured over & shorter length, for example,
over the length of a fragmen! taken from a larger, defined sequence. for instance, & Tragment of al
Teast 20, ar least 30, an least 40, at least 50, at least 70, at [east 100, ot at least 200 contiguous
nocieolides. Such kengths are sxemplary only, and it ix understood that any fragment length

supported by the xequences shown herein, in the tabies, figures, or Sequence Listing, may be used (o

describe a length over which percentage identity imay be measured.

Nucleic acid scquences that do net show a high degree of identity may novertheless encode
similar pmino acid sequences due Lo the degeneracy of the genctic code. [Uis understood thal changes
in 4 nucicie acid scquence can be mude using this degeneracy to produce multiple nucleic acid
sequences that uf) encode substantiaily the same protein.

The pitrases “pervent identity” and "% identily.” us applied to palypeptide sequences, refer o
the percentage of rexidue matches between ar ieast twe pelypeptide sequences aligned using a

standardized algorithm. Methods of polypeptide sequence alignment ars well-known. Some

17
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akignment methods take into account conservative amino acid substitutions. Such conssrvative
substitutions. explained in more detail abuve. generally preserve the charge and hydrephobicity al the
site of substitution, thns preserving the situcture {and therefore function) of the polypeptde.

Percent identity between polypeptide sequences may be determined using ihe gefault
parameters of the CLUSTAL V algorithm as incorporaied into the MEGALIGN version 3.12¢
sequepce alignment program {described and referenced above). For pairwise alignments of
polypeptide sequences nsing CLUSTAL V. the default parameters are set 4s follows: Kwple=1, gap
penalty=3, window=5, and “diagonals saved”=5. The PAM250 matrix is selected as the detauh
residue weight table. Az with polynucleotide alignments. the percent identity is reporied by
CLUSTAL V us the “percent smyilarity”” between aligned polypeptide sequence pairs.

Alternatively the NCB1 BLAST software suite sy be wsed. For example, for a pairwise
comparisan of twe pelypoptide sequences, vne miy use the “BLAST 2 Sequences™ 100] Version
2.0.12 (April-2[-2000} with blastp set at defanit parameters. Such default parameters may be. for
cxample:

Matrix: BLOSUMEZ

Gpen Gup: 11 and Exrension Gap: | penalties

Gup x drop-cff: 3G

Expecr: 10

Word Size: 1

Fifter: on

Percent identity may be measured over the length of an entire defined polypeptide sequence,
for example, as defined by a particular SEQ I number. or muy be meesured vver a shorter length, For
cuample, over the length of & Tragment taken from 2 larger, defmed polypeptide scquence. fer
nstance, a fragment of at Jeast 13, at Jeast 20, at Jeast 30, at lcast 49, at least 5, at feast 70 or a lsast

150 contiguous residues. Such lengihs are exemplary only. and it is understood that any magment
length suppored by the sequences shuwn herein, in the wbles. figures or Sequence Listing, may be
sed to describe a lengih over which percentage identity may he measured.

“Human arificial chromosomes” (HACs) are linear microchromnsomes which may cantain
DNA sequences of about 6 kb to 19 Mb in size and which contain al! of the elements required for
chromosome replication, segregation and Tainiznance.

The tlerm “humanized antibody™ refers w un amibody molecule in which the aming acid
sequence in the non-antigen binding tegion hus been altered so that the amibody more closely
resemblus a buman antibody. and still retains its original bindina abiticy.

“Hybridization™ refers to the prucess by which a pelynucleotide strand anneals with a

complementary strung thmugh hase pairing under defined hybridization conditions. Specific

bk
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hybridization is an indication that two nucleic acid sequences sharc a high degree of complementanty.
Speeific hybridization compleaes form under permissive annealing conditions and remain hybridized
after the “washing™ step(s). The washing step(s}is particularly important in determining the
stringency of the hybridizalion process, with more steingent conditions allowing less non-specific
binding, i.¢., binding between paits of nucleic acid strands that are not perfecily matched, Permitssive
conditions for anncaling of nucleie acid sequences are routingly daterminable by one of erdinary skill
in the art and may be consistent among hybridization experiments, whersas wash conditions may be
varied among experiments to achieve the desired stringency, and therefore hybridization specificity.
Permizsive anncaling conditions occur. far example, at 68°C in the presence ol about & x SSC, ahout
1% {wiv) SDS, and about 100 pg/ml sheared. denatured salmon sperm DNA.

Generally, stringency of hybridization is expressed. in part, with reference e the lemperature
under which the wash step is carried out. Such wash temperatures are tymcally sclected to be about
5°C 10 20°C lower than the thermal melting point (T} for the specific sequence ut u defined jonic
steength and pH. The T, is the tamperature (under defined 1ome strengih and pHY at which 50% of
the kurget sequence hybridizes W a perflectly matched probe. An equation for caleulating T, and
conditioms for nuclcic acid hybridization are well known and can be found in Sambrook, J. et al.
(1589) Molecular Cloning, A Laboratory Manual, 2 ed., vol, 13, Cold Spring Harbor Press,
Plainview INY: specificallv see volume Z, chapter 9.

High stringency conditoas for hybridization between polynucleotides of the present
invention include wash conditions of 68%C in the presence of about 0.2 x 88C and about 0.1% SDS.
for 1 hour. Aleraatively, iemperaees of abaut 65°C, 60°C, 3539C, or 42°C may be used. SSC
concentration may be varied from about 0.3 10 2 x 55C. with 5138 being present at about (.15
Typically, blocking reagents are used 1o block nun-specific hybridization. Such blocking reagents
inchide, for instance, sheared and denaturcd salmon sperm DINA at about 100-200 pg/ml. Organic
solvent, such as formamide at a concentration of aboul 33-30% w/v, muy slso be used under particulsr
crreumstanges, such as for RNADINA hybridizations, Uselul variations on these wash conditions
will be readily apparemt to those of ordinary skifl in the art. Hybridization, particularly under high
stringency conditions, may be suggestive of evolutionary similarity between the nueteotides, Soch
similarity is strongly indicative of a similar role for the nucleotides and their enceded polypepitdes,

‘The term “hybridization complex™ refers to a compiex formed berween 1wo nucleic acid
sequences by virtue of the formation of hydrogen bonds between complementary bases. A
hybridization complex may be formed in solution {e g, Cu ar Ryt analysis) of formed between ane
nueleie acid sequence presem ie solution and another nacleie aead sequence immobilized on a solid
support (e.2.. papet, inembrancs, filters, chips, pins er plass slides, or any other appropriate substrate

o which cells or their nucleic acids bave been fixned).
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The words “insertion” and “addition” refer to changes sn an amino acul or nucleotide
sequence resufting in the addition of one or more armne actd residues or nucleatides. r¢%|ﬁsct|vcly,

“Immune response’ can refer o conditions associated with inflamemation, trauma, immnc
disovders. or infectious or genetic diseass, etc. These conditions can be characterized by expression
of various factors. e.g., cyfokines. chemakines, and other signuling malecules, which may affect

cellnlar and systemic defense systems.

An "tmmunugenic fragment” is a poiypeptide or oligopeptide fragment of HPDE which i
capable of eliciting an immune response when mitaduecd into a living erganism, for example, a
marmmal. The teon "inimunogenic fragment” also includes any polypeptide or oligopeptide fragment
of HPDE which is useful in any of the antibody production methads disclosed herein or known in the
art.

The term “microarmay” refers to an amangement of & phorality of pelymcleotides,
pelypeptides, or other chemical compounds on a sabstrate.

The terms “clemnem” and “array clement™ refer to a polynucleatide. polypeptide, or other
chemical componnd baving a untgue and defined position on 4 imcroamay.

The term "modulate” refers to a change in the activity of HPDE. For example. modulation
May cause an increase or 2 decrease in prolein acuvity, binding characteristics. or any other
biclogical, functional. or immunelogica) properties of BPDE.

The phrases “nucleic acid™ and “nucleic acid sequence” refer 1o a nuelectide, oliponuclemide,
polynuclectide, or any frapment thereal. “These phrases also refer 1o DNA or RNA of penomic or
synihetic origin which may be single-stranded or double-stranded and may represent the sense or the
antizense sirand, o peptide nucleic acid (PNA). or to any DNA-lkc or RNA-like material.

"Operably hinked” refiers 1o the siation in which a first nucleie acid sequence is placed ina
functional relationship with a sccond nuelsic acid sequence. For instance, & promoter is operably
Yinked to a coding sequence if the promoter affects the transcription or expression of the coding
sequence. Operably linked DNA sequences may be in close proximity or contignous and, where
RECCSSAry ta join two protein coding regions. in the sume reading frame.

“Peptide nucleie acid™” (PNA) refers to an anisense molecule or anti-gene agent which
comprises an oligonucleoticde ol at least shout 5 nuclectides in length linked to a peptide backbone nf
armno acid residues ending in fysine. The werminal bysine comfers solubility to the composition.
PMAs preferential[y bind complementary single stranded DNA or RNA and stop transesipt
elongation, and may be pegylated to extend their Iifespan in the ecll

“Post-Lranslational modification™ of an HPDE may involve lipidimtion, glycosylation.
phosphorylation, acetylation. racemization, protealytic cleavage, and other modificaiions known in

the art. These processes may occur synthetically or biochemically. Biochemical modifications will
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vary by cel! type depending on the enzymatic milien of HPDE.

“Probe” refers to nucleic zoid sequences encoding HPIIE, ther complemmnts, or fragments
thereal, which arc used 10 detect identical, allefic or related nucleic acid sequenices.  Probes are
isolated oligonuclestides or polynuctesiides altached to a detectable labe) or reporter molecule.
Typical labels include radioactive isotapes. ligands, chemilumincscent agents, and enzymes.
*Primers” are short pucleic acids, nsuaily DNA oligonuclemides, which may be annesled (o o arger
polynuclestide by complementary base-pairing. The primer may then be extended zlong the target
DNA strand by a DNA polymerase enzyme, Primer pairs can be wsed for amplification {and
identification) of 2 nucleic acid sequence, e g, by the polymurase chain reaction (PCRY.

Probes and primers as used in the present :nvention typieally comprise at lease 13 contiguous

leotides of 4 known seq In order to enhance specificity, lopger probes and primers may also
b cmiployed, such as probes and primers that comprise at leaste 20, 25, 30, 40, 50, 60, 70, 802, 90, 100,
or at least 150 comsecutive nucleotides of the disclosed nucleir aciid sequences. Probes and primers
may he considerably lenger than these examples. and it i understood 1hat any icngth supporied by the
specification. including the tables, figures, and Sequence Listing, may be used.

Metheds far prepating and using probes and primers are described in the references, for

crample Sambrock, J. ot al. {1989 Mojgcular Cloning: A Laboratory Manual, 2 ., vol. 1-3, Cold
Spring Harbor Press, Plainview NY; Ausubel, .M. et al. (1987) Cutreat Protoeols in Molecutar

Biology, Greene Publ. Assoc, & Wiley-Inersciznces. New York NY: Tnnis, M. =t al. (1990) PCR
Protocols, A Guige 1o Methods and Applicatiens, Academic Press. San Drege CA. PCR primer pairs
cim be derived from a known sequence, for cxample, by using computer progrums intended (or Lhat
purpose such us Primer (Version 0.5, 1991, Whitehead Institute for Biomedical Researeh. Cambridge
MA).

Oligonucleotides for use as primers are selected vsing sotrware knawn in the an far such
purpose. For example, OLIGO 4.06 software is useful for the selection of PCR primer paits of up to
100 nuclentides ach, aad for the analysis of oligonucieotidey and farger polynucleotides of up to
5000 nuciennides from an input polynucleotide sequence of up to 32 kilobases. Stmilar primer
selection programs have incorporated additional features for expanded capabilitics. For example, the
Prim{2Y primer selection program (available to the public fram the Geneme Cemer at University of
Texras South West Medical Center, Dallas TX} is capable of choesing specific primers from
megsbace sequences and is thus wselul Tor designing primers of a genome-wide scope. The. Primer3
primer selection progrm (available w the public from the Whitehead institate/MIT Center for
Genome Research, Carnbridge MA) aliows the user te input i “mispriming hbrary.” in which
sequences to uvoid as primer binding shes are user-specified. Primer3 iy useful, in particular. for the
seiection of oligenuclectides far micrpamays. (The source cade for the latzer 1wa primer selection
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programs may abso be obtained from Lheir respective sources and modified 1o meet the user's specific
needs.} The PrimeGen program (available to the public from the UK Human Genome Mapping
Projeet Resource Centre, Cambridge UK) designs primers based on mnltiple sequence alignments,
theseby allowing selection of primers that hybridize to either the most conserved or fcast conserved
regions of aligned nucleic acid sequences. Hence, this program is usefirl for identification of both
unigue and conserved oligonuclesiides and polynucizotide fragmenis. The pligonuclestides and
polynuclectide fragments identified by any of the above selsction meshods are useful in hybridization
technelogics, far example. as PCR or sequencing primers, microarray elements, of specitic probes 1o
idemify fully or parially complementary polynuclectides n a sample of nucler: acids, Methods of
oligonuclestide selection ure not limited 1o these described above.

A “recombinant pucleic acid” is a sequence that is not naturally occurring or has 2 sequence
that 1+ made by an artiftcial combination of twa or more atherwise separated segments of sequence.
This artifictal cornbination is oftan accomplished by chemical synthesis or, more commonly, by the
artificial mupipulation of isvlated segments of nucieic acids, e.g.. by genctic cngineenng techniques
such as those described in Sambrook, suprg. The terny tecombinant includes pucleic acids that have

been altered solely by addition, substitution, or defetion of a portion of the nucleic acid. Fregrently. a

recombinanl nucleic acid may inchude a nucleic acid sequence operably Jinked o a promoter
sequance. Such a recombinant rucleic acid may be part of 4 vector that s used. for cxample, o
mansfomm a cell,

Alernatively, such recombinam nucleic zcids may be part of a virl vector, .., bused on g
vaccinia virnus. that could be use 10 vacsinate a mammaul wherein the recombinant nucleic acd is
expressed, inducing a protective immunelogival respense in the mammal.

A “regulatory element” refers to a nucleic avid sequence usually derived from untranslated
regions of 2 yene and includes enhancers, prometers. introns, and 3' and 3 untranslated regons
{UTRs). Regulatory elements interact with host or viral proteins wiich cantrol transcriptien,
transiation. or RINA swability.

“Reporicr molecules™ are chemical or biechemical moieties used for labeling a nueleic weid,
amine acid, or anbibody. Reporter mojecules incinde radionuclides: enzymes; fleorescent,
chemiluminescent, or chromoegenic agents; subsirates: cofactors; inhibitors; magneiic particles; and
other moielies known in Lhe art,

An "RMA equivalent.” in reference (o a DNA sequence. is composed of the same linear
sequence of nucleotides as the reference DNA sequence with the exception thai all occnrrences of the
nitrogenons base thysmune are repiaced with nraci, and the sugar backbone is compnsed of ribose
instcad of deaxyribose.

The term “sumple” is used in its broudest sense. A samgle suspected of containing HPDE,

JP 2004-500818 A 2004.1.15
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nucleic acids encading HPDE, or tragments thereaf may comprise & bodily fluid; an extract froma
cell. chromeseme, organetle, or membrane isolated from z celd, a cell; genumic DNALRNA, or

cDNA, in solution of hound to a substrare; 2 fssue; a tissue pring e

The terms “specific binding” and “specifically binding” wefer to that inkeracrion borween a
protin ar peptide and ar agonist, an antibedy, an antagonist, a small molecals, or any nataral or
synthetic binding composition. The interaction is dependent upon the presence of 4 panicular
struciure uf the protein. e.g.. the antigenic determinant or epilope. recognized by the binding
moieeule. Hor example. if an antibody is specific for epitope “A.” the presence of a polypeptide
comprizing (e epitope A. or the presence of free untabeled A. in & reaction containing free labeled A
and the antibody will reduce the amount of fabeied A that binds 1 the antibody,

The terim “substannially purified” refers 1o nuclete acid or srmine acid sequences that arc
remerved from their naural environment and are 1solated or separated, and are at \past 80% free,
preferably at least 75% frec. and mwost preferably ai least 90% frec from other components with which
they are naturally associated.

A “substitution” refers 10 the replacement of vne or more amine acid residues or nucleatides
by different ammine acid residoes or nuelcotides, respectively.

“Substrate™ refers to any suitable rigid or semi-nigid support incloding membeanes. fillers,
chips, slides, wafers, fibers. magnetic ar nonirgnetic beads, gefs. tubing, plates, polymers,
microparticles and capiliaries. The substrate can have a variety of surface forms, such as wells,
renches. pins, charmels and pores, to which polynucleatides or polypeptides are hound.

A “transeript image” refers 1o the collective panern of gene eapression by a particulur cell
type or tissue under given conditions at a given time,

“Transformation”™ descnbes a process by which exogenous DINA is intreduced inte a recipient
ceil. Transtormation may occur under nawral or anificial conditons according 1o various nethods
well known i the ort, and may reiy on any known methad for the ansertzon of foreign nueleic acid
sequences inlo a prokaryotic or cukaryotic host cell. The methad for transformmation s selected based
on the type of host cell being tansformed and may include. but is not limited to, bacteriophaye or
viral infection, cleetroporation, heat shock, lipofection, and particle bombardment. The term
“transformed cells™ includes stably transformed cells in which the inserted DNA is capabie of
replication either as an aztonomausly replicating plasmid or &s part of the host chromosome, as well
as lzansiently transformed cells which express the insened DNA ot RNA for limited periods of time.

A "transgenic organism.” as used herein, is any organism, incloding but not limrived ro
animals and plancs. in which one or more of the cells of the arganism conmins heterologous nucleic
acid introduced by way of human intervention, such as by transgentc techniques well known in the

art. The nnclete acid is introduced intg the cell, directly or indirsetty by introduction into a precursor
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of the cell. by way of deliberate genetic maripulation, such as by micrompection or by infection with
a recombmant virus. The term genetic manipulation docs not include classical cross-breeding, or m
vitro fertilization. but rather is dirceied to the mreduction of a recombinant DMA molecute. The
transgenic organisms contemplated in accerdance with the present invention include bacteria,

5 cyanobacieria, fungi. plants and animals. The isolated DNA of the present invention can be
ntroduced into the host by methads known in the art. for exainple infection, transfection,
transformation or transconjugation. Techniques for wavsfemng the DNA, of the present invention
into such ergamsms are widely known and provided in references such as Sambrook et al. (1989).
supm.

10 A “variapt” of o particular nucleic acid sequence is defined a5 a nucieic acid sequence having
at least 40%: sequence idenlily o the particular mucleic acid sequence over a cectann [ength of une of
the nucleic scid sequences using blastn with the "BLAST 2 Sequences” tool Version 2.0.9 (Muy-07-
1999} et at default parameters. Such a par of nocleic acids may show. for example, at least 50%., at
least 60%, at Jeast 70%. ut least $0%, at least 83%. at least 0%, a least 95% or at Jeast 28% or

15 greater sequence identity over = certain defiped Jength. A variant may be described as, for example,

an “allelic” (as defined above), “splice.” “species,” or "polymerphic™ variant. A spliee vaciant may

have significant identity w a reference mokecule, but will generally bave a greater or lesser pumber of

polynucleotides due to alternative splicing of exons during mRNA processing, The corresponding
polypeptide may possess additional functionzl domains or lack domains that are present in he

2y reference malecule, Species vartants are polynucleotide seguences that vary from onc species o
another. The resulting polypeptides will generally bave significant amine acid identity refative w0
each other. A polymorphic variant is a variation in the pulynocleotide sequence of a particular gene
berween individoals of a given species. Polymorphic variants also may encompass “single nucleotide
polymorphisms™ (5NFs) in which (he polynucleotide seguence varics by one nucleotide base, The

35 presence of SNPs may be indicative of, for example. a cenain population. a discasc state, or a
prapensity [or a disease slale.

A vanant” of a particolar polypeptide sequence is defined as a polypeptide sequence having
ut least 40% sequence identity to the pariicular polypeptide sequence uver a certain length of one of
the polypeptide sequances using blastp with the "BLAST 2 Sequences” rool Version 2.0.9 (May-07-

30 1999) set at default parameters. Such a pair of polypeptides may show, for example, at least 0%, at
least 0%, at least 70%, ut least 80%. at least 20%., at least 93%. or at Jeast 28% or greater seyuence

identity over a cedain defined length of one of the polypeptides.

THE INYENTION

35 The invention is based on the discovery of new human phosphodiesterases (HPDE), the
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polynucientides encoding HPDE. and tie use of these compositions for the diagnosis, reatment. or
prevention of eye. neurological, cardiavascular, cell profiferative, and suteimmune/inflanimatory
dhsorders.

Table | summarizes the nomenclatare for the full length polynucleotide and pulypeplide
sequences of the invention. Each polynucicotide and its corresponding polypeptide are comrelated (o &
single Inuyte project idemification number (Incyte Project ID). Bach polypeptide sequence is denated
by both a polypeptide sequence idemification number (Polypepiide SEG 1D NO:) und an Incyte
polypeptide sequence number (lacyle Polypeptide 1D} as shown. Each polynucicotide sequence is
denoted by both a pelynuckeotide sequence identificution number (Polynactectide SEQ D NO:) and
an Incyte polynucleatide consensus sequence pumber (Incyte Polyaucleatide ID] as shown,

Tabile 2 shows sequences with homolegy to the potypeptides of the invention ax identified by
BLAST analysis against the GenBank protein (genpept) database. Columing | and 2 show the
polypeptide sequence identification rumber (Polypeplide SEQ 1D NO:) and the correspending Incyte
polypeplide sequence number {Ineyte Polypeptide ID} for polypeptides of the invention. Colwinn 3
shows the GenBank dentiflicanon nutnber {Genbank [D NO:) of the nearest GenBank homaolog.
Coluron 4 shows the probability scorc for the match between each polypepiide and its GenBank
homoleg. Column 5 shows the annetation of the GenBank homolog.

Table 3 shows various structaral features of the polypepiides of the invention. Calumns [ and
2 show the polypeptide sequence identification number (SEQ T NO:) and the correspending Incyte
polypeptide scquence number (Iacyte Polypeptide (D) for cach polypeptide of the invention. Column
3 shows the munber of amino acid residues in each polypeptide. Celumin 4 shows potential
phosphorylation sites. ond column 5 shows potential glycosylation sites. as detetmined by the
MOTIFS program of the GCG xequence analysis software package (Genetics Computer Group,
Madison W1). Colurmmn 6 shows aming acid residues cemprising signarure sequences, domains, and
motifs. Column 7 shows analytical methods for pratein structure/unction analysis and in some cases.
searchable databases to which the analytical methods were applied

Together, Tables 2 and 3 swnmurize the properties of polypeptides of the invention. and these

propesties establish thal the claimed polypeptides arc phosphodiesterases, For example. SEQ I

NO:1 is 34% identical to human phosphodi Imucieotide pyrophosphatase 1 PCINPPS
(GenBark N g9453796) as derermined by 1he Basic Local Alignment Search tool (BLAST). (See
Table 2.} ‘The BLAST probabiliry score 35 3.00e-63, which indicates the prabability ol ohtaining the
ohserved polypeptide sequence alignment by chance. SHQ 1D NO:| alxo contains a type 1
phosphadiesterase domain as derermined by searching for statistically significant macches in the
hidden Murkov made] (HMM)-based PEAM database of conserved protein family domains. {See
Table 3.} Data from BLAST anabvses provide further comreborative evidenee that SEQ ID NO:1 s 2
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phesphodiesterase. SEQ [0 NO:2 and SEQ [ NO:3 were analyzed and annotated in @ similar
manner. The algodthins and parameters for the analysis of SEQ ID NO:1-3 an: described in Table 7.

As shown in Table 4, the full length polynucleatide sequences of the present invention were
assembled using cDNA sequences or coding (2xon] sequences derived from genamic DNAL or any
combination ef these twao Lypes of seguences. Columns | and 2 fist the polyouclzotide sequence
dentification number (Polynucleotide SE(Q} 113 NO: and the cortesponding Incyte polynucleotide
consensus sequence number {Incyte Polynucleotide ID} for each polynueleotide of the invention
Column 3 shows the length of cach polynucleotide sequence in basepairs. Colomn 4 lists fragments
of the palynucleotide sequences which are useful. for example, in hybridization er anplification
technologies that identify SEQ 1D NQ:4-6 or that distinguish betweer SEG D NO:4-6 and related
poiynuclentide sequences. Column 5 shows identification numbers corresponding to cDNA
sequences, coding sequences (exons) predicied from genomic DNA, and/or sequence assemblages
comprised of both cDNA and genomic DMA. These sequences were used to assemble the fuli length
polynuclentide sequences of the invention. Columns 6 and 7 of Table 4 show the nucleoude start (3]
and stop (3} positions of Lhe cTINA sequences in column § relative 1o thelr respective full length
SeqUENCES.

The identification nutnbers in Column 3 of Table 4 may refer specifically, for example. o
Incyte cDNAs along with their corresponding cIINA libraries. For example, 8777323H1 33 the
identification number of an Incyte eDNA sequence, apd OVARDIRO! is the cDNA library from
which it is derived. Incyle cDINAs for which ¢cDNA libraries are not ndicated were derived from
pooled ¢DMNA libraries {e.3., 70643243V 1). Aliernatively. the identification numbers in column 5
may refer o GenBank cDNAs or ESTs which contributed to the sssembly of the full Jength
polynucteotide sequences. Alternarvely, the dentification numbers in column 5 may refer Lo coding
regions predicted by Genscan analysis of genomic DNA. The Genscan-predicted coding sequences
may have been edited prior w assembly. (Sve Example IV.) Altematively, the idemtification numbers
in column 5 may refer 1o assemblages of both cDNA and Genscan-pradicted exens brought together
by an "exon sitehing” algorithm. (See Example ¥.) Alermutively, the identification numberts in
column 5 may refer 1o assembiages of both cDNA and Genscam-predicted exens broughr togesher by
an “cxon-stretching” algorithm. {See Example V.} In some cases, Incyte cDNA coverage redundant
with the sequence coverage shown in colurmn § was obtained w confirm the final consensus
polynucleotide sequence. but the relevant Incyle cDNA identification numbers are not shown.

Table 5 shows the representative cIINA libravies for thoxe full length polynucleoride
sequences which were assombled using Incyte cDNA sequences. The representative cDNA library is
the Incyts cDNA lbrary which is niost frequently represented by the Incyre cPNA sequences which

were used (0 assemble and cenfirm the above polypucleatide sequences. The fissues and vectors

0
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which werc used to copstruct the cDNA libraries shown in Table 3 are described in Table 6.

The invention also envompasses BPDE variants. A preferred HPDE variznt is one which has
at least about B0%, or allernatively al least about 0%, or even at least about 95% amino acid
sequence identily to the HPDE amine acid sequence, and which contaius at least ope functional or
structural characieristic of HPDE,

The invention also encompasses polynucleotides which encode HPDE. In a particular
ervhodiment, the invention encompasses a polynucleotide sequence comprising a sequente sclected
from the group consisting of SEQ 13> NO:4-6. which encodes HPDE. The polynucleotide sequences
of SEG ID N(:4-6, as presenied in the Sequence Listing. embrace the equivalent RNA scquences.
wherzin oceurrences of the nitrogenons base thymine are replaced with uracil, and the sugar backbone.
is compased of ribose instead of deoxyribose.

The inveniion also encompusses a variant of a polynucleotide sequence encoimg HI'DE. tn
particular, such a varjant polynucieotide sequence will have at leust about 70%, or alternatively at
least about 855, or even ai least about 95% pulynucieotide sequence identity to the polvnucleotide
sequence encoding HPDE. A particular aspect of the invention encempasses a variant of @
pulynucletide sequence comprising a sequence sciceted from the graup consisting of SEQ ID NO:4-
& which has at least about 70%, or alematively an lenst about 83%. o even at least about 955
polynuclcotide sequence identily to a nucleic acid sequence selected from the group consisting of
SEQ ID MN()4-6. Any ane of the polynucieotide variants described above can encode an amino actd
seyuence which containg ar least ene funciional or structural characteristic of HPDE.

It will be apprecizled by those skilled in the art that as z result of the degenersey of the
genetic code. i multitude of polynuclectide sequences encoding PDE. some bearing minimal
similarity to the polynucicotide sequences of any known und natorally occurring gene, may be
praduced. Thus. the invention contemplates each and every possible vatiation of polynucleotide
sequence that could be made by selecting combinations based on possible codon choices. These
combinations are made in zccordance with the standard triplet genetic code as applied to the
polynucleotide sequence of naturally occurming HPDE, and sl such variations are ta be considered as
being specifically disclosed.

Adtheugh naclectide sequences which encode HPDE and its variants are generally capable of
hybridizing Lo the nueieotide sequence of the naturaify ocewrring HPIE under approprislely selected
conditions of stringency, it may be advantageous 10 produce nucleotide sequences encoding HPDE o
its derivatives possessing a swbstantially different codon usage. €.z, inclusion of non-naturally
wocurring codons. Codons muy be selected to inerease the rate al which expression of the peplide
ocenrs in 4 particular prokaryotic or cukaryotic host in accordance with the (requency with shich

particular codons are wilied by the host. Other reasans (or substantially altering the nucleotide

27
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sequence encoding HPDE and its derivatives withuut aliering the enceded amine acid sequences
include the production of RNA transce pts having more desirable properics. such as a greater
half-life. than transcripts produced from the naturally eccurring sequence,

The invention also encompasses production of DNA sequences which eocode HPDE and
BFDE derivaiives, of frugments therecl, entitely by synthetic chemistry. Afier production. the
synthetic sequence may be ipserted inte any of the many available expression vectors and cell
sysiems using reagents well known in Lhe art. Moreover. synthetic chemistry may be used o
introduce mutalions into a sequence encoding HPDE or any fragment thereof.

Also encumpassed by the invention are pelynucleotide sequences shat are capable of
hybndizing to the claimed polynucleotide sequences, and. in particular, 1o those shown in SEG 10
NO:4-6 and fragments thereol under varivus conditions of stringency, (Sce, ¢.g.. Wahl, GM. and
5.L. Berges (1987} Methods Enzymol. 152:399-407: Kimmel, A.R. {1987) Methods Bnzymal.
152:507-511.) Hybridization conditions, tnclading annealing and wash cenditions, are described m
“Definitions.”

Methods for DNA sequencing are well known in the art and may be used 10 practice any of
the embodiments of the invention. The meihods may employ such enzymes as the Klenow feagment
of DNA polymerase I, SHQUENASE {US Biochemical, Cleveland OH), Taq polymerase (Apphed
Biosysterms), thermostable T7 palymerase (Amersham Pharmacia Biotech, Piscataway NI, or
combinations of polymerases and proofreading exonuclases such as those found i the ELONGASE
amplification system (Life Technoiogies, Gaithersburg MD). Preferably. sequence preparation is
autornated with machines souch as the MICROLAB 2200 liquid transfer systern (Hamillon, Reng NV,
PTC200 thermai cycler { M Research. Watertown MA) and ABI CATALYST 800 theemal cycler
(Applied Biosyslems), Senuencing is rhen cartied put using cither the ABL373 or 377 DNA
sequencing system {Applied Biosystems), the MEGABACE 1000 DNA sequencing system
(Molecular Dynamics, Sunnyvale CA), or ather systems knawn in the art, The resulting sequences
are analyzed using 1 varicty ol algerithsas which are well known in the ant. (See. e.g. Ausubel, F.M
(1997} Shart Pratocols in Molegular Biology, John Wiley & Soms, New York NY, unit 7.7 Meyers,
R.A. (1995) Molecafar Biofegy and Bigiechnolopy, Wiley VUH, New York NY, pp. 856-853.)

The nucleic acid sequences encoding HIPDE may be extended utilizing 2 partial nuelcotide
sequence: and employing various PCR-bascd methods known in the art o detect upstrean sequences,
such as promoters and regulatory elements. For example. one method which may be employed,
1estriction-site PCR, uses universal and nested primers wo amplify unknown sequence fram genemic
DINA within a clening vector. {See, e.g., Sarkar, G. {1993} PCR Methods Applic. 2:318-322)
Annther method, inverse PCR, uses primers that extend in diverpent directions ta amplify unknown

sequence {rom a circularized template. The template is denved from restrction fragments comprising

ag
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a known genomic locus and surrounding scquences. (See, e.g., Triglia, T. el al. (1988) Nucleic Acids
Res. 16:8]86.) A third methad, capture PCR, invelves PCR amplification of DNA fragmenty
adjacent to known sequences i human and yeast artificial chromosome DNA. (See, e.g.. Lagsrstrom,
M. ct al. {1991} PCR Methods Applic. 1:111-11%} In this method, multiple restriction envyme
digestions and Jigarions may be used to insert an enginsered doubls-stranded sequence ints & region
of unknown sequence hefore performing PCR. Other methods which may be used to retrisve
unknown sequenccs are known in the art. {See, e.g., Packer, 1.1, et al. (1981) Nucluic Acids Res.
19:3055-3060). Additionally, one may use PCR, nesied primers, and PROMOTERFTIVDER libraries
(Clomiech, Palo Alto CA} to walk genomic DNA. This procedure avolds the need ta screen libraries
and is useful in finding intron/exon juncions. Fer ali PCR-based methods, primers may be designed
using commercially available sofiware. sack as OLIGO 4.06 primer analysis soltware (National
Biosciences, Pivmouth MN) or another 2ppropriate program. ta be aboul 22 1o 30 rmcieatides in
lengzth, 10 have a GC content of about 0% or wore. and 1 anneal 1© the lemplate af inperatures of
about 68°C 1 72°C.

When screening for full tength cDNAs, it is preferable 10 use libraries that have been
size-seiected 1o include larger cDNAs. In addition, random-primed libraries, which often include
sequences containing the 5' rogions of poncs. are preferable for situations in which an olige d(T)
library does not vield a full-ength cDMA. Genomic libraries may be useful for extension of xequence
inte 5 nop-teanscribed regulatory regions.

Cupillary electrophoresis sysiems which are commercially available may be used w amalyze
the size or confirm the pucleotide sequence of sequencing or PCR produets. In particular, cepillacy
sequencing may employ flowable polymers for electrophorctic scparation, four different nucleptide-
specific, laser-stimulated flugresient dyes, and a charge coupled device cumer For delection of the
emitted wavelengrhs. Ouwput/light intensity may be converted to electacil signal using appropriate
software (e.g.. GENOTYPER and SEQUENCE NAVIGATOR, Apphicd Biosystems). and the entin:
process from loading of samples to computer anatysis and clectronce data display may e computer
controlled. Capillary electrophoresis is especially preferable for sequencing smail DNA fragments
which may bo prosent in limited amounts it a particular sample.

In another embodiment of the invention. polynucleotide sequences or fragments thereol
which encade HPIE may be cluned in recombinant DNA molecules thar direct exprassion of HPDL,
or fragmenis or functional equivalents thereof, in appropriate host cells. Due to the inherent
degeneracy of the genetiv code, ather DNA sequences which encode subsianitally the same or 2
functionally equivaient amine acid sequence rpay be produced aud used 1o cxpress HPDE.

The nucieotide scquences of the present invention can be engineered using methads generally

kagwn in the art in order 1o alter HPDF-ancoding sequences for a vatiety of purposes including, but
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nat Jimited to, madification of the cloning, processing, andlor expression of the gene product. DNA
shuffing by randam fraginentation aind PCR reassembly of gene fragments and synthetic
aligonueleotides raay be used w enginesr the nucleotide sequences. For example, aligonucleotide-
medisted site-directed mutagenesis may be used to introdece mutations thet create new regidction
zites, alter glycosylation patterns, ehunge codon proference, produce sphee vaniants, and se forth.

The nueleotides of the present invention may he subjected to DNA shuffling techniques such

as MOLECULARBREEDING (Maxygen Inc., Sama Clara CA described in U8, Patent Nuwber
5,837,458 Chang, C.-C. ctal. {1929} Nat. Bictechnol. 17:793-797, Christians, F.C. et al. (1959} N,
Rintechnnl, 17:259-264; and Crameri, A, et al. {1996} Nat. Biotechnel. 14:315-319) to alter or
improve the biotogical properiies of HFDE, such as its biclogical or cnzymatic activily or its ability
10 bind @ other molecules or compounds. 1DNA shuffling is a pracess by which a library of gene
variants s produced using PCR-mediated recormbination of gene fragments. The Nibrury is then
subjected ta selection or sereening procedores that identify those gene variants with the desired
properiies. These preferred variants may then be pooled and further subijected ro recursive rounds of
DMa shuftling and selection/screentng. Thus, genetic diversity is created throvgh "artificial”
breeding and rapid molecular evelution. For example, fragments of a single gene containing randum
Point mutations may be recombined, sereened, and then reshuffled until the desired properties are
optimized. Alleratively. fragments of a given gene may be recombined with fragments of
heraologous genes in the same gene family, rither from the same or different speciss. thereby
maximizing the genetic diversily of multipie naturzlly occuring genes in a divected and controliable
manoer,

In another embodimment, seguences enceding HPDE may be synthesized, i whole or in part,
using chemical methods well known in the an. (See, e.p., Caruthers, MUH, et al. {1980) Mucleic Acids
Symp. Ser. 7:215-223, and Hom. T.. et al. {1980) Nucleic Acicds Symp. Ser. 7:225-232.)

Alternatively, HPDE itself or a fragment therenf may be synthesized using chemical methads. For
example, peptide synthesis can be perlormed using various solution-phase or solid-phase (echnigues.
(Sex, e.g., Craighien, T. (1984) Proteins, Stoctires and Molecular Propertics, WH Freeman, Mew
York MY, pp.55-60: and Roberge. LY. ¢t al. (1995} Science 269:202-204.) Antomated svathesis may
he achieved using the ABI431A peptide synihesizer (Applied Biosystems). Additionally. the aming
acid sequence of HPDE, or any part thereef, may be altered during direct synthesis and/or combined
with scquences from other proteins. of any part thereos, W produce o variant polypeptide of &
pelypeptide having a sequence of a naurslly occurming polypeptide

The peptide may be substantially purified by preparative figh performance liquid
chromategraphy. (See, =.g.. Chicz, R.M. and F.Z. Regnier (1990) Methods Enzymcol. 182:392-421.)

The compasition of the synthetic peptides may be canfirmed by amine acid analysis or by
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sequencmg. (See, e, Creighton, supra, pp. 28-53.)

Int order 1o express a biologically active HPDE., the nucleatide sequences encoding HPDE or
derivatives thereof may be mserted into an appropriate expressiom veclor, t.e., a veclor which containg
he necessary clements for transcriptionat and wranslational control of the inserted coding sequeace in
a suitable host. These elements include regulatory sequences. such as enhaneers, constnutive ad
mducible promoters, and 5’ and 3 umranslarcd regions in the vecror and in polvpucleatide sequences
encoding HPDE. Such eiements muy vary in their strength aod specificity. Specific initiation signais
may also be used to achieve e efficient rnslation of sequences epcoding HPDE. Such signals
inchsde the ATG imtiation cedon and adjacent sequences, e.g- the Kozak sequencs. In cases where
sequences encoding HPDE and its initiation codon and apstream regolatory sequences are inseried
into the appropriace expression vector, no additional rranseriptional or translational control stgnals
may be needed. However. in cases where orly coding sequence, or a fragment thereof. is inserted.
exogenous transiationa! control signals inctuding @n tn-frame ATG initiation endan should be
provided by the vector. Exogenous translational elements and initiation codons may be of varioes
ongns, both natural and synthetic. The efficiency of expression may be enhanced by the inclusion of
ephancers appropriare for the particalar host cell sysiem used. {See, e.g.. Scharf, [ et al, (1994)
Results Probl. Cell Differ. 20:125-162.)

Methods which are well known to those skilled in the art may be vsed W constroet? expression

veclors containing sequences encoding HPDXE and appropriate wanseriptional and trapslationa)

contral elements. These methods inciude in vitra recombinant IXNA techniques, synthetic techniques,

and pr vivo gepetic moombination. (Sec. eg- Sambrook, I. et al. {1989) Molecular Cloning, A

Laboratory Manual, Celd Spring Harbor Press, Plainview NY, ¢h. 4, 8. and 16-17; Ausubel, F.M. &0
ab. {1995) Current Protocgls in Moleelar Biolopy. Tohn Wiley & Sons. New York NY, ch. 9, 13, and
16.}

A variety af expression vecior/host systems may be ulilized to contain and express sequences
encoding HPDE. These include, but are oot limited to, microorgamsms such as bactena transformed
with recombinant bacteriophage, plasmid. or cosmid DINA expression vectors: yeast transfurmed with
yeast expression vectors: insect cell systeras infecred with viral expression vectors {e.g.. baculovirus);
plant cell systems wansformed with viral expression vectors {e.g.. cauliflower mosaie virus. CaMV,
or whacco mosaic viras, TMV} or with bactesial expression vectors (e.g., Ti or pBRI22 plasouids). or
animal cefl systems. {Sce, ¢.g., Sambrook, supra: Ausubel, supra; Van Heeke, G. and S M. Schusier
{1989) 1. Biol. Chem. 264:5503-5509; Engelhard, E.K. et al. (1994} Proc. Matl. Acad. Sei. USA
91:3224-3227: Sandig, V. etal. (1996 Hum. Gens Ther, 7:1937-1945; Takamatsu, N. (1%¥87) EMBO
1. 6:307-311; The McGraw Hill Yearbook of Scicnee and Tochnology (1992) MoeGraw Hill, New
York NY. pp. 191-1%6; Logan. J. and T. Shenk {1984} Proc, Natl. Acad. Sci. USA $1:3655-3659; and
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Harrington, 1.1, et ab, (1997} Nar, Genet. 15:345-353.) Expression vectors derived from refroviruses,
adenaviruses, or herpes or vaceinia viruses, or from various bacterial plasmids, may be used for
delivery of nucleotide seguences to the targeted organ, tissue, or cell population. (See. eg. Ih
Nicola, M. o1 al. {1998} Cancer Gen. Ther, 5(6):330-356; Yu. M. el al. (1993} Prec. Nad. Acad. Sci.
USA J0(13):6340-6344; Buller. R.M. e1 al. (1985) Natare 317(60401.813-815; MeGreger. DP. et al.
£1494) Mol. Immunol, 33(3):212-226; and Verma, LM. and M. Somsa (1997} Nature 389:239-242)
‘The: invention is not limited by the host cell employed.

I bacterial systems, a number of cloning and expression voctors may be: selected depending
upen the use intended for polynucleatide sequences encoding HPDE. For example. rautine cloning,
suhcloning, and propagation of polynucleotide sequences encoding HPDE can be achieved using a

rdtifunctional E. coli vector such as PELUESCRIPT (Stratugene, La Jolia CA) or PSPORTI

plasmid (Life Technologies). Ligation of sequences encoding HPDE into the vectar's multiple
cloning site disrupts the JucZ penc, allowing a colorimetric sereering procedure far identification of
transformed bacteria containing recombimant melecules. In addition, these vectors muy be uselul for

i vitro transcription, dideoxy sequencing, single strand rescue with hetper phage, and ereation of

nested deletions in the cloned sequence. (Sce, e.g.. Van Heeke, G, and 5.M. Schuster (1989} 1. Biol.
Chem. 264:5503-5509.) When large quantities of HPDE are needed. e.g. for the production of
antibodies, vectors which direct high level expression of HPDE may be vsed. Far example, vectors
containing the stwong, inducible SPS or T7 bactertophige promoter may be used.

Yeast expression systems may be used for praduction of HPDE. A number of veclors
containing constitutive or inducible promoters, such as alpha factor. aleohol oxidase, and PGH
promoters, may be wsed in the yeast Sacchaoinyees cerevisiae or Pichta pastons, In addition. such
vectars ditect either the seerertion or intracellular retention af expressed proweins and enable
imegration of forsign sequences into the host genome For stable propagation. (See. ¢.g.. Ausubel,
1995, supra; Biter, G.A. e al. (1987) Methods Enzymol. 153:516-544: and Scorer. C.A. of al. (19494)
Bio/Technology 12:181-184.)

Plant systems may also be used for expression of HPDE. Transcription of xequences
encoding HPDE may be driven by viral promoters, e.g., the 333 and 195 promoters of CaMV nsed
alene ar in combination with the omega leader sequence from TMY (Takamaisu, N, (1987) EMBOC J,
6.307-311). Alematively, plant promoters such as the small subunst of RUBISCO or heat shoek
promotess may be used. (See. £.2. Coruzzi, G. ot al. (1984) BMBO J. 3:1671-1680: Broglie. R. ctal.
(1984 Science 224:838-843; and Winter, 1. et al. (1921} Results Probl. Cell Differ. 17:85-105.)
These constrocts can be imtroduced into plant cells by direct DNA ransformation or
pathogen-medialed translection, (Sec, ¢.g., The MeGraw Hill Yearbook of Sejence and Technoloay
(1992) McGraw Hill, New York NY, pp. 191-196.}

32



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

w

0

5

n

(112) JP 2004-500818 A 2004.1.15

WO 81455358 PCTAIS01/02649

Ins enarmwalian ¢es, & aumber of viral-based expression systems may be utilized. In cases
where an adenovirus is vsed as an exprassion vector, sequences enceding HPDE may be ligawed into
an adenovirus transcription/iranslation complex consisting of Lhe lste promoter and ripartite leader
sequence. Insertian in a non-essential E1 or E3 negion of the viral gename may be used o obtein
infeetive visus which expresses HPDE m host cells. ¢See. e.g.. Logan, 1. and T. Shenk {1984) Proc.
Natl. Acad. Sci. USA 81:1653-3659.) In addition, transcription enhancers. such as the Rons sarcoma
virus (RSV] enhuncer, may be used 1o increase expression in mammalian host ceils, SY4G or EBV-
based vectors may also be used for high-level protein expression.

Human antificial chromosomes (HACs) may also be employed to deliver larger fragments of
DNA than can be contained in and expressed from a plasmid. BACS of ahout & kb to 10 Mb are
constructed and delivered via conventional delivery methods (liposomes, polycationic amino
polymers, or vesicles) for therapeutic purposes. {See, e.g., Hamrington, 1.3, et al. (1997) Nat. Genet,
35:345-355.)

For lemg term production of recombinant proteins in mammalian systems, stable expression
of HPDE in el lines is preferced. Por example, sequences encoding HPDXE ean be transformed inta
cell lines using expression vectors which may contain viral eriging of replication andfor endogenaus
expression elemenis and a selectable marker gene on the same or on o separaie vector. Following the
ntcoduction of the vector, cells may be allewed 16 grow for abaut 110 2 days in enriched media
before being switched to selective media. The purpose of the selectable marker is to confer resistance
to a selective agent. and its presence allows growth and recovery of colis which successfully express
the introduced sequences. Resistant clones of stably transtormed cells may be propagated vsing
tissuc culiure technigues appropriate o the ceH type.

Any number of selecrion systems may be uscd to recover wansfonned cell lines. These
include, but are not Jimited to, the herpes simplex virns thymidine kinase and adenine
phosphoribosyltransferase genes, for use in 1k and apr cells, respectively. (See. ez, Wigter, M. ot
al. (1F77) Cell 11:223-232: Lowy, L et al. {1980} Ccll 22:817-823.} Also, antimetaholire, antibiotic,
or herbicide resisiance can be used ax the basis for seleetion. For exarnple, dhfr confers resistance 10
methotrexate: #ee confers rosistance to the aminoglycosides ncomycin and G-418; and afs and pur
confer resistance to chlorsulfuron and phosphinotricin acetylransferase, respeetively. (See. eg.
Wigler, M, et al. (1980) Proc, Natl. Acad. Sci, USA 77.3567-3570; Colbere-Garapin, F. ct al. (1081)
J. Mol. Bial. 150:1-14.} Additional selectable genes have been doscribed. e.g., trpB and kislr, which
alter cellular requirements for metabolites. {See, e.g., Hartman, $.C. and R.C. Mutligan (1988} Proc.
Natl, Acad. Sci. USA 85:8047-8051.) Visible markers, 2., anthoeyanins, green flurescent proteins
(GFP; Clontech), 8 glucuronidase and its substrate S-ghicyromde, or luciferase and its substrate

luciferin may be used. These markers can be used not only 1o identify wezmsformanty, bot also 1o
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guantify the amount of transient or stable proteiir expression awibutable 10 a specilic vector system.
{Sce. ¢.g.. Rhodes, C.A. {1995} Methods Mol. Biol. 55:121-131.}

Alhough the presencefabsence of marker gene expression suggests that the gene of interest jx
alsn present, the presence and expression of the gene may reed to be confirmed. For example. if the
sequence encading HPDE is inserted within a marker gens sequence, wransformed cells containimg
sequences encoding HPDE can be identified by the absence of marker gene function. Alernatively, a
marker gene can be placed in tmdem with 4 seguence encoding BPDE under the control of a singls
promoler. Expression of he marker gene in espense to induction or selection usuably indicutes
expression of the tandem gene as well.

Tu general, host celis that contain the nucleic acid sequence encoding HFDE and that express
HPDE may be identificd by a varicty of procedures known to thase of skill in the art. These
procedures include, but are not limited ta, DNA-DNA or DMA-RNA hyhridizations, PCR
amplification, and prolein bipassay or immuooassay techniyues which include membrane, soludon. or
chip based techuologies for the detection and/or quantificatten of nucleic acid or protein sequences.

Immunological methods for detecting and measuring the expression of HPDE esing either
speeific polyclonal of moneclonal antibodies are known io the art. Exatples of such technigoes
include enzyme-linked immunosorbent assays (ELISAx), radioimmonoassays (RLAs), and
Nuorescence actvated cell sortimg (FACS). A twe=site, monoclonal-based rmmunoassay utilizing
menoclonal antibedies reactive 10 twa nop-interfening cpitopes on HPDE is preferred, but a
compelitive binding assay may be empleyed. These and other assays are well known in the art. (Sce,
€. Hampton, B. eral, (1990) Serological Methods, a Laboratery Manuasl, APS Press, St Paal MK,
Sect. IV: Coligan, LE. ctal. (1997} Current Protocols in Immunology, Greene Pub. Associates and
Wiley-Interseicnce, New York NY: and Pound. 1.0, (1938) Immuncchemical Prowcols, Humana
Press, Totows NJ.)

A wide variety of Jabels and conjugation technigues are known by those skilled in the art and
may be wsed i various nucleis acid and amino acid assays. Means for producing labeled
hybridization or FCR probes for detecling scquences related to polyaucleotides encoding HPDE
include oligolabeling. nick transiation, end-labeling, or PCR amplification using a tabeled nucleatide.
Aleermatively, the sequenees encoding HPDE, or any fragments thereof, may be cloned o 2 vector
for the production of an mEMNA probe. Such vectors are known in the art, ans commercally avatlable.
and may be used 10 synthesize RNA probes in vitrg by addition of an appropriate RNA polymerase
such as T7. T3, or §P6 and labeled nucleotides. These procedures may be condocred using a varieey
of commercially available kits, such as those provided by Amersham Pharmacia Biorech, Promepa
{Madisen WI}. and US Biochemical. Suitabie reporter molecules or labels which may be tised for

ease of deteenion inciuwde radionuelides. enzymes. fluerescent, chemilurmineseent, or chramagenic
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agents. as well a5 substrates, cofactors, inhibitors, magnetic particles, and the like

Host celis transformed with nucleotide sequences encoding RPDE may be culrured under
conditions snitable for the expression and recovery of the protein from cell cutteze. The prowein
produced by & transformed cell may be seoreted or retained intracellularly dependmg on the sequence
andfor the vector vsed. As will be undersiood by those of skill in ihe arl, expression veclors
containing polynucleatides which encode HPDE may be designed 1o contain signal sequences which
direct secretion of HPDE throngh 2 prakaryetic ur eukaryotic cclt membrane.

In addition. a host cell strain may be chosen for its ability (o modulate expression of the
inserted sequences o (o process the expressed protein in the desired fushion. Such mudifications of
the polypeptide include. but are not limited to, acetylation, carbexylation, glvcosylarion,
phasphorylatzon, liptdation, and acylation. Post-translatianal processing which clezves & “prepro” or
“pea” form of the protein may alse be vsed 1o spealy protein argeting. folding. andfor scovity.
Different kost celis which have specific celiular machinery and characteristic mechanisms for
post-translaticmal activities (e.g.. CHO. HeLa. MDCK, HEK2%3. and WI38) are available from the
American Type Culture Collection (ATCC, Manassas VA} and may be chosen to ensure the correct
mwdificatien and processing of the foreign prolein.

In another embodiment of the invention, natural, medificd, or recombinani nucleic acid
sequences encoding HPDE may be ligated to 3 heterelogous sequence resulting in translmion of a
fusion protein in any of the aforementioned host systems. Fuor example. a chimeric HPDE protein
conlaining a helerologous moiety thal can be recognized by a commercially available antibody may
facilitte the screening of peptide libraries for inhibitors of HPDE activity. Hewrologous protein and
peptide meicties may also facilitate purification of fusion proteins using commercially availabls
affinity matrices. Such moistics include, but are pot limited 1o, glutathione S-transferase (GST).
maltese binding protein {MBP), thioredoxin (Trx), calmodulin binding peptide (CEP). 6-His, FLAG,
c-mye, and bemagglutinin (FLA), (ST, MBP, Tex, CBP. and 6-His enable purification of their
cognate fusion proteins on immobilized glutathione, maltose, phenylarsine oxide. catmodolin, and
metal-chetate resins, respectively. FLAG, c-mve, and hemagglutinin (HA) enable immunoaffinicy
purification of fusion proteins vsing commercially availabie monoclonal znd polycional antibudies
that specifically recopnize these epitope tags, A fusion protein may also be engeneered o contain a
proteolylic cleavage site lovated between the HFTIE encoding sequence and the heterologous prolein
sequence. so that HPDE may be cleaved away from the heteelogous moiery following purification.

Methods for fusion protein expression and purificatien are disc

ved i Ausube] (1993, supra, ch. [
A variety of commercially availuble kits may also be used to tacilitate expression and purification of
fusion proteins.

In a further embodiment of the invention. synthesis of radiolabeled HPDIE may be achieved in

et
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vitro using the TNT rabhit reticulocyte lysate or wheat germ extract system {Promega). These
systems couple wranscription and transiation of protein-coding sequences operably assoviated wath the
T7. T3 or SPH promoters. Translation takes place in the presence of a radiclabeled amino aeid
precursor, For example. “*S-methionine.

HPDE of the present invention of fragments thereof may be used to screen for compounds
that specifically bind to HPDE. At least one and up to a plurality of test compaunds maty be screened
for specific binding 1o HPDE, Examples of test compounds include antibudies, oligonucleolides,
proteins {e.3., receptors), or small molecules.

In one embodirent, the compound thus identified is closely related to the natural igand of
HPDE. c.g.. a ligand or fragment thereof, o natiral substrate, a smerural or functienal mimetic, or a
natural binding partner. (See, c.g.. Coligan. LE. et al. (1991} Current Protocols in Immunelogy 1(2):
Chupter 5.) Similarly. the campound can be ciosely related to rhe natural receptor Lo which HPDE
binds, of to at least a fragment of the receptor, e.g., the ligand binding site. In either case. the
compeund can be ntionally designed using known technigues. [t one emhadiment, screening for
these compounds tnvalves producing appropnate cells which express HFDE, cuher ag a scereted
protein or on the cell membrane. Preferred cells inchude cells fromn marminals, yeast, Drosaphla, or
E cali. Cells expressing HPDE or cell membranc fractions which contain HPDE are then cenacted
with a tesl compound and binding, stirtalation, or inhibition of zetivity of either HPDE or the
compeund is analyzed.

An assay may simply test binding of 2 test compound to the polypeptide, wherein binding is
detected by a fluernphore, radicisotope. cnzyme conjngate, or other detectable label. For example,
the assay may camprise the steps of combining al [east une lest compound with HPDE, either in
solution or affixed to a solid suppent, and detecting the binding of HPDE to the compound.
Ahernatively, the assay may detect or measure bindbng of a test compound i the presence af a
labeled competitor. Additicnally. the assay iy be carried out using cell-free preparations, chemical
librarics. or namiral product mixtures, and the test compound(s may be free in solution or affixed 10 a
solid support.

HPDL of the present invention or fragments thereof may be used to sereen for compounds

that modulate the activity of HPDE. Such compounds may include agonisis. amagonists, of partial or

invarse agenists. In one embodiment, an assay is performed under condttions permissive for HPDE
activity, wherein HPDE is combined with at least one test cosmpound, and the activity of HPDE in the
presence of o test compound is compared with the activity of HPDE in the absence of the rest
compound. A chanpe. in the activity of HPDE in the presence of the test compound is indicative of 2
compound that modulates the activity of HPDE. Alternatively, a test compound is combined with an

in_vitra or cell-free system comprising HPDE under canditions snitable for HPDE acoyvity. and the
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assay is performed. Jn either of these assays, a test compound which modulates the activity of HPT
may do s indirectly and need not come m direct contact with the test compound. Al least ohe and up
to a plurality of test compounds may be sereencd.

In another embodiment, polynucieotides encoding HPDE o their mammiahan homologs may
be “knocked oul” in an animal mode] sysiem using homalegous recombimation sn embryonic stem
(ES)cells. Such lechniques are well known in the art and ane nseful for the generation of animal
maodels of human dizease. (See, e.g., U.S. Patent Number 5,173,383 and U.5. Patent INumber

767.337.) For example. mouse ES cells. such as the mouse 129/5v/ cell line, are derjved from the
early mouse embryo and grown in culture, The ES ceils are transformed with a vector containing the
gene of imerest disrupted by a marker gens, e.2., the neomycin phesphotransferase gene (nzo;
Caposchi, M.R. (1989} Science 244: 1288-1292). The vector integrates iute the cotfesponding region
of the hast genore by homologous recombinauon. Alernatively, homologous tecombisation takes
place using the Cre-loxP system to knockout & gene of interest in a tissue- or developmental stage-
specific manner (Marth, 1.2, (1996) Clin. Invest. Y7:1999-2002; Wagmer, K.l et a]. {1997} Nucleic
Acids Res. 25:4323-4330). Transformed ES cells are identified and mucromjected into mouse cell
blastecysts such as those from the C37BL/S mouse strain. The blastocysts are surgically transierred
to prendopregnant dams, and the resulting chimeric progeny are genatyped and bred o produce
helerozygons or homezygous strains. Transgenic arimals thus generaled may be (ested with potential
therapeutic of toxic agents.

Polyrucleotdes encading HPDE may also be manipulated in vitrg in ES cclis derived from

humin biaxtocysts. Human ES cetls have the potential to differentiate into at Jeast eight separare celt
Lincages including endoderm, mesoderm, and ectodeomal cell types. These cell ineages differsntiare
into, for example, neural cells, hematopoietic lincages. and cardiomyocytes (Thomsor, LA et al.
(1998} Science 282:1145-31473.

Polynucleotides encoding HPDE can atso be used to create “knockin®™ humanized animals
(pigs) or transgenic animals {mice or tats) o modef human disease. With knockin technology. 2
region of a pelynucieotide encoding HPDE is injectad inte animal ES cefis, and the injected sequence
integrates into the animal cell genome. Transformed cells are injected into blastulie, and the
blastulue are implunted as described ahove, Transgenic progeny or inbred lines are studied and
treated with potential pharmiceutical agenls to vbtain information on treatment of a human disease.,
Altematively, 1 mammal inbred 1 overexpeess HPDE, e.g., by scercting HPDE in its rilk, may also
serve as 4 convenient source of that protein (Jamme, J. et al. {1998} Biotechnol. Annu. Rev. 4:55-74}.
THERAFEUTICS

Chemical and structoral similerity. 2.0, in the conrext of sequences and motifs, exists

between regions of HPDE and phosphediesterases. Therefore, HPDE appears to play a role in eye.

»
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newrolngical, cardiovascular. cell proliferative, and auteinumane/inflammatory disorders, In the
treatment of disorders assaciated with mereased HPDE expression or activity. it is desirabic to
decrease the expression or activity of BPDE. In the wemment of disorders associated with decreased
HPDE capression or activity. it is desirable (o increase the expression or activity of HPDE,
Therefore. in one embodiment, HPDE or a fragment or derivative thereal may be
administered to a subject to treat or prevent a disorder associated with decreased expression or

activity of HPDE. Examples of such diserders inclnde, but are not timited to, an eye disorder. such as

ivitis. keraloconjunctivitis sicca, keratitis, episcleritis, ititis, posterior uveitis, glancoma,

amaurosis fagax. ischemic optic neuropathy, optic neuritis, Leber’s hereditary optic neurnpathy. toxic
oplic neuropathy, vitzeous detachment, retinal detachment, cararact, macular degeneration. central
serous chorioretinopathy. tetinitis pigmentosa, melanama of the choreid, rerrobulbar wmor. and
chiasmz| twmor: 2 nenrological disorder. such as epilepsy, ischemic cerehrovascular disease, stcoke,
cerchral neoplasms. Alzheimer's disease, Fick’s disease, Humiington's disesse, dementia, Parkinson’s
disease and other extrapyramidal disorders, amyotrophic lateral sckerosis and ether molor ncuron
disorders, progressive neural musculac atropliy, retinitis pigmentosa. hereditary ataxias. muitiple
sclerosis and other demyelimuting diseases, bacterial and viral meningius, brain abscess, subduowl
empyem. epidural abscess, suppurive intracrarial thrombophblebitis, myels and radicolits, viral
central nervous system disease. privm discases including kurn, Crentzfeldt-Jakob disease. and
Gerstmani-Straussler-Scheinket syndrome, fatal familial insomnia, rutritional and metabolic
diseases of the nervous system, neurofibromatosis. mberous sclerosis, cerebelioretinal
hemangicblastomaiosis, cncephalorigeminal syndrome, mental retardation and other developimental
disorders of the central nervous system including Down syndrome, verchral patsy, neuroskefetal
disorders, autonomic nervous svstem disorders, cranial nerve disorders, spinal cord diseases,
wuscular dyswrophy and other neuromuscular disorders, peripheral nervous system disorders.
dermatomyositis and pelymyositis, inherited, metabolic, endocrine, and 10xic myopathies,
wivasthenia gravis, periodic paralysis, inental disorders including moud. anxiety. and schizophrenic
diserders, seasenal affective disorder (SAD). ukathesia. amnesia, catarania, diabetic nevropathy,
ardive dyskinasia, dysonias, paranoid psychoses. postherpetic neuralgia, Tourette's disorder,
progressive supranuclear palsy, corricobasal degeneration, and familial [rontolemporat dementia; o
cardiovascular disorder. such as anteriovenous fistula, atherosclerosis, hypertension, vasculitis,
Raynaud's disease, aneurysms, arterdial disscetions, varicose veins. thrombuphlebitis und
pblebothrombosis, vascular wmots, and compiications of thrombulysis, balloon angioplsty, vascular
replacement, and coronary artery bypass graft surgery, congestive heant failure, ischemic hean
disease. angina pectoris, myocardial infarction. hypertensive heart disease, degenerative valvular

heart disease, caleific zottic valve stenosis. congenitally bicuspid aoniic valve. mitral anmlar

ki
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calgification, mitrat valve prolapse, rheumatic fever and theumwatic hean discase, infective
endocarditis. nenbacterial thrombotic endecardins, endocarditis of sysiemic lupus eryithematosus.
carcmoid heart discase, cardionmyopaihy, myocarditis, pericarditis, neoplastic heart disease,
congenital heart disease, and complicatiens of cardiac rransplantavion, congenital lung anomalies,
ateleetasis. pulmenary congestion and cdema, pulmonary embolism, pulmonary hemmormhuge,
pulimenary infarcrion, pulmenary hypertension. vascular sclerosis, obstructive palmonary disease,
testrictive pulmonary disease, chronic obstracrive puimeonary disease, emphysema, chronic
bronchitis, branchial asthma, bronchiectasis, bactenal pocuminia, viral und mycoplasmal presmenia,
lung abscess. pulmonary tuberculosis, diffuse interstitial diseases, preumocenioses, sarcoidosis,
idiopathic pulmonary fibcosis. desquamative inlerstitial pnewmanitiy, hypersensitivity prevmonilis,
pulinguary eesinophilia bronchiolitis obliterans-organizing pneumonia, diffuse pulmonary
hemeorhage syndromes, Goodpasiure’s syndromes. idiopathic pulmonary hemosiderosts, pulmonary
involvement in collagen-vascular disorders, pulmonary alveolar proteinesis, lung wmors,
inflammatory and noninflammatary pleural zffosions, preumathorax, pleural tmors, dreg-induced
lung disease, tadialion-induced lung disease. and complications of lung transplantation: a cel!
proliferaitve disorder, such as actinte keratosis, arteriosclerosis, atherosclerosis, bursitis. cirrbosis,
hepatiris, mixed connective tissue disease (MCTD}, myelofibresis, parexysmal necturnal
hemoglabinuria, polyeythemiy vera, psotiasis, primary thrembocythemia, and cancers including
adenocarcinoma, leukemia. lymphema, melanoma, myeloma, ssrcoma, teratocarcinoma, and, in
particular. cancers of the adrenal giand. bladder, bone, bome murtow, brain, breast, cervix, gall
bladder. ganglia. gastreinestinal ract, hear, kidney, liver, lupg, muscle, ovary, pancreas,
parathyroid. penis. prostate, salivary glands, <kin, spleen, testis, thymus, thyroid, and uterus; and en
autoimmune/inflammatery disorder, acquired immunadeficiency syndrome (AIDS). Addison’s
disease, aduly respiratory distress syadrome, allerges. ankylosing spondylitis. amyieidoss. anemra,

asthma, atherosclerosis, auteimmune hemalytic anemia, avtormmne thyroiditis. autoimmune

palvendocrinopathy-candidiasis-ectodennal dystrophy {APECED). bronchitis. choleeystitis, contact

dermatitis, Crobn's disease, atopic dermatins, detimatomyositis, diabetes mellitus. emphysems,

pi Ilymphapenia with lymy viotoxing, erythroblaswosis fetals, erythema nodosum, atrophic

gasiritis, glomerulonephritis, Goodpastures syndrome, gout, Graves' discese, Hashimoto's
thyroiditis, hvpereosinophiba, imitable bowel syndrome, moltipte sclerosis. myastheria gravis,
myocardial or pericardial inflammation, osteoarthritis. oxicoporosts, penereatilts, poly myasitis,
psutiasis, Reiter's syndrome. theumatoid avthritis, scleroderma, Sjigren’s syndrome, systemic
anaphylaxis. systemic lupus erythematesus, systemic sclerosis, thrambocylopenic puspura, leerative

calitis, uveitis, Weener syndrome. complications of cancer, kemodialysis, and extracarporeal

cireulation. viral, bacterial, fungal. parasitic. protozaul, anct helminthic infections, and trauma

39
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I anether embodinent, a vector capable of expressing HPDE ot 2 fragoment or derivative
thereof may be administersd © 3 sebject to treal or prevent a disorder associated with decreased
cxpression or activity of HPDE including, but not limited t, those described above.

In a further embodiment, a compositian comprising a substantially purificd HPDE in
conjunction with a suitable pharmaczutical carrier may he administered 0 a subject 10 (reat of provent
a disorder associated with decieased expression or activity of HPDE inchuding, but not limited to.
those provided above.

In stili another embediment, an agenist which modalates the activity of HPDE may be
adriristered to @ subject w weat or prevent a disorder associated with decreased expeession or
activity of HPIDF. including, bul not limited to, those listed above.

In a further embodiment. ant antagonist of HPDE may be admiuistered to a subject to treat o
prevent a diserder asseciated with increased expression or activity of HPDE. Examples of such
disorders include. but are not limited to, those eye, neurological, cardiovascular, cell proliferative,
and zutoimmuncfintlammatory disorders described above. In one aspect. an aniibody which
specifically binds HPDH muy he used directly as an antagonist or indirectly as 2 targeting or delivery
mechanism for bringing a phannaceutical agent to cells or tissues which express HPDE.

In am additional embodiment. a vector expressing the complement of the polymclentide
encoding HPDE may be administered 10 a subject ta treat or prevent a disorder associnted with
increased expression or activity of HPDE including. but nat timited to, these described above.

In other embodiments, any of the praleins, antagonists. antibodies. agonists, complementary
sequences, or vectors of the invention may be adiwinfstered in combination with other appropriate
(Rerapentic agents. Selection of the appropriate agents for use in combinalion theragy may be made
by one of ordinary skill in the ar, accotding i conventional pharmaceutical principles. The
combination of therapentic agents may act synergistically w effect the reatment or prevention of the
varioss disorders described above. Using this approach, one may be able o achieve therapeutic
efficacy with lower dosages ol each agent, thus redpeing the potential for adverse side eflects.

An antagonist of HPDE may be produced using methods which are gencrally knewn in the
ant. In particular, purified HFDE may be used to produce antibodies or to screen libraries of
phurmaceutical agents Lo identify those. which specifically bind HPDE. Antibodics w0 HFDE may
also be generated using methods that are well koown in the art. Such anubodies may include. bur are

ot limited to, pelyclenal. monaclonal, chimeric, and single chain zatibodics. Fab fragiments, and
fragments produced by a Fab axpression library. Neutralizing antibadies (.., those which inhibit
dimer formation} are generally preferred for therapentic use.

For the produstion of antibadics, varicus hosts including goats, rahbits, raty, mice, homans,

and others may be immunized by myection with HPDE ot with any fragment or oligopeplide thercof
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which has imrmmogenic propentics. Depending an the host species, various adjuvants iy be used to

tmmunaliog T Such adjovans include. but are not limited o, Freund’s, mincral

gels such as aluminum hydroxide, and surface active subsiznces such s lysolecithin, plursnic
polyols, pelyanions. peptides, oil emalsions. KLH, and dinitrophencl. Among adjuvants used jn
humans, BCG (macilli Calmette-Guerin) and Corynebactetium parvum are especially preferable.

It is preferred that the oligopeptides, peptides. or fragments used w induce antibodies to
HPDE have an amino acid seguence consisting ol at least about 5 amipo acids. and generaliy will
consigl of at least about 10 amino acids. 1t is abse preferable that these oligopeptides, peplides, or
frapments are identical o a portion of the anrive acid seguence of the patural protein. Show swreiches
of HPDE aming acids may be fused with these of another protein, such as KLEL and antibodiss ro 1he
chimeric malecule may be produced.

Monocions antibodies to HPDE may be prepared using any technique which provides for the
production of antibody molecules by continuons cell lines in culture. These inciude, it are nat
limired to, ke hybridoma technique. the huwan B-cell kybridoma technigue. and the EBY-hybridoma
technigue. (See. e.g., Kohler, G. et al. (1973) Narore 256:495-497; Kozbor, D et al. (1985) 1
[mmunol. Methads 81:31-42; Core, R.J. eral. (1983) Proc. Natl. Acad. Seib. USA 80:2026-2020; and
Cole, 5.P. et al. (1984) Mol. Cell Biol. 62:109-120.}

In addition, wechniques developed for the production of “chimeric anlibadics,” such as the
splicing of mouse antsbody genes To human antibady genes 1o obtain & moiccule with appropriate
anligen specilicity und bivlogical activity, can be used. {See, e.g.. Mormison, S.L. &1 al. (1984} Proc.
Narl. Acad. Sei. USA 81.6851-6853, Neuberger, M 5. et al. {1984} Natare 312:604-60%; and Takeda.
3. et al. (1935) Nature 314:452-454.) Alternatively. techniques described for the production of single
<hain antibodies may be adapted. using methods known in the art, 10 produce HPDE-specific singte
chain antibodies. Antibadies with related specificity, but of distinet idiotypic compesition. may be
generated by chain shuffling from random combinatorial immunoglobulin libraries. (See. &.g..
Buron, D.R. {1981} Proc. Natl. Acad. Sci. USA 88:10134-10137.}

Antibodies may alse be produced by inducing in vive production in the lymphocyte

populition or by screening immuneoglobulin libraries or panels of highly specific binding reagents as
discluscd in the literature. (See, e.g., Orlandi. R. et al. (1989} Proc. Natl. Acad. Sei. USA
SA:3633-3357; Winter, G. et al. (1991} Natre 349:293.299 3

Antibody Tragments which contain specitic binding sites for HPDE may also be generated.
For example. such frapgments include, but are nol limited (o, Fab'), fragments produced by pepsin
digestion of the antibody molecule and Fub fragments generated by reducing the disulfide bridges of
the F{ab')2 fragments. Allemnatively, Fah =xpression Jibraries may be canstructed to allow rapid and

eaxy identification of monoclonal Fab fragmenis with ihe destred specificity. (See, e.g.. Huse, W.D,
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e al. {1989) Science 246:1275-1281.)

Various immuncassays may be used for scresning 1o identify antibodies having the desired
specilficity. Numerous protocels for competitive binding or immunaradiometric assays using either
polyelonal or monaclonal antibodies with estzhlished specificities arc well known in the art. Such
immuonaassays fypleally involve the measurement of complex formation berween HPDE and its

specific antibody. A twy-site. lonal-based ir

1 v utilizing monocional antibodies

reactive (o two nun-imterfering HPDE cpitopes is genarally nsed, but & competitive binding assay may
also be employed (Pound, supra).

Various methods such as Scarchard analysis in conjunction with radioimnnineassay
techniques may be used 1o assess the atfinity ol antibodics for HPDE. Affinity s capressed as an
associution constant, K, which is delined as the molar concentration of HPDE-antibody complex
divided hy the molar concentrations of free antigen znd free antibody under equilibrinm conditions.
The K, delenmined for & proparation of polyclonal antthodies, which are heterogencous in their
affinitics for multiple HPDE epitopes. represents the average affinity. or avidity, of the antibodies for
HPDE. The K, determined for a preparation of inonoclonal antibodies, which are monespecitic for a
particulur HPDE epitope. tepresents a true measure of affinity. High-aftinity antibody preparations
with K, ranging from about 10° to 10' L/mole are prefered for use it immuonaassays in which the
HPDE-antibody complex must withstand rigorous mampulatons. Low-allinity antibody preparations
with K, ranging from about 107 to 107 Limole are preserred for use i immungpurification snd similar
procedures which ultimately require dissociation of HPDE, preferably in active form, (rom the
untibody (Catty, I1. (1988) Antibodies, Volume I: A Practical Approach, TRL Press, Washington [X;
Liddell, I.E. and A. Cryer (1991} A Practical Guide 1o Monoclonal Antibedics. Johr Wiley & Soos,
Naw Yotk NY}

The titer and avidity of polyclonal antibody preparations ay be further evalvated o
determine the guality and suitability of such preparations for cerlzin downstresm upplications. ior
example,  polyclonsf antibody prepatation containing at east 1-2 mg specilic antzhody/ml,
preferably 5-10 mg specific antibody/m), is generally employed in procedures requiring precipitation
of HFDE-antibody complexes. Procedures for evaluating antibady specificity. titer. and avidity, and
gaidelines for antibedy quality and wsage in various applications, are generally weailable. (See. ez,
Catty. supra. and Coligan et sl supra.)

In another embodiment of ihe inveation. the polynuclectides enceding HFDE. or uny
fragment or cemplement thereof, may be used for therapeutic purposes. [n one aspect, modifications
of gene expression can be achieved by designing complementury sequences or antisense molecules
[DMNA, RNA, PNA, or modificd ;:lligonucleolides) i the coding or regulatory regions of the gene

encoding HPDE. Such technoiogy is well known inthe art, and antisense oligonucleotides or larger

42



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(122) JP 2004-500818 A 2004.1.15

W 01/55358 PCT/USH/g2649

35

fragments can be designed frem vanous locations along the coding or contrel regions of sequences
encoding, HPDE. (See, e, Agrawal, §.. cd. (1996} Antisense Therapeutics, Homana Press Ine..
Totawa NJ.}

In therapeutic use, any gene delivery sysiem suirable for inroduction of the amisense
sequences Mo appropriate tacger cells can be used, Antisense sequences cun be delivered
intracellulariy in the form of an expression plasmid which, upon transeription, produces 4 sequence
complementary to at least a portion of the cellnlar sequence encading the target protein. (Sec, c.g..
Shater, 1E. et al. (1998) ). Allergy Cli. hnmunol. 102(3):469-475, and Scanlon, K.J. et al. (1995}
0{13):1288-1296.) Antisense sequences can also be introduced intracellularty through the use of vim
veztors, such as retrovirus and adenc-associated virus vectors. (See, ez, Miller, A D. (1980) Blood

76:271; Ausubel, sepra; Uckert, W_and W. Wahber (1994) Pharmacol. Ther. 63¢33.323-347.) Other

gene delivery hanisms inelude lip lenived svstems. artificial viral envelopes. and ather
systems known in the an. (See. e.g.. Rossi, 1), (1995} Br. Med. Bull. 51(10:217-225; Boado, R.1. et
at. {1998} ). Pharm. 5ci. 870113 1308-1315; and Moreis, M C. ctal. {1997) Nucleic Acids Res,
25(147:2730-2736.)

In another embodiment of the invention. polynacleatides encoding LIPDE may be used for

sormatic or germline genc therapy. Gene therapy may be performed to (i) correel a genctic deficiency
fe.., m the vases of sovere combined immuonodeticiency (SCIL)-X | disease characterized by X-
linked inheriiance (Cavazzana-Caivo, M. et al. (2000} Science 288:669-672), severe combined
immunodeliciency syndrome associated with art inherited idenostne deamminase (A1XA) deficiency
(Blacse, RM. et al. (19935) Science 270:475-280; Bordignon, C. ct a), (1995) Science 270:470-475),
cystic fibrosis (Zatmer, . er al. (1993} Cell 75:207-216, Crystal. R.G. et ai. (1995) Hum. Gene
Therapy 6:643-666; Crystal, R.G. et al. {1995} Hum. Gene Therapy 6:667-T03), thalyssamias, famifixl
hypercholesteralemia. and hemophilia resulting from Factor V10 o Factor I deficiencics (Crystal.
R.G. {1993] Science 270:404-41); Verma, 1.M_ and N. Sontia (1997) Nare 389:239-242)}. tii}
express a conditionally kethal gene product (e.g.. in the case of cancers which result from unregulated
cell proliferstion). or (iii) express a protein which atfords protection against sntracellular patusites
(e.g., agdinst human retrovituses, such as buman immungdeficiency viras (HI1V) {Baltemore, 1.
(1988} Natare 335:395-396; Poeschla, & er al. (1996) Proc. Nuth Acad. Sci. USA, 93:11393-11399),

hepatitis 8 o C virus (HBY. BCVE fangal parasiles, sech as Candide albicans and Paracoccidioides

brasiliensts: and protazoan parasites such as Plasmodium falcipanns und Trypanosorna cruzi). I the
case where a senetic deficiency 10 HPIZE expression or regulation causes disease. the expression of
HPDE from an appropriate population of transduced cells may alleviate the clinical manifestations
caused by the genetic deficiency.

In & further embadiment of the mvention. diseases or disorders caused by deficiencies in
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HPIZE are treated by conslructing mammalan expressian vestors encoding HPDE and introducing
these vectars by mechanical means into HPDE-deficient celis. Mechanical iransfer technulopics for
uge with cells in viva or ¢x vitra include (3) direct DA micreinjection into mdividual cells, {ii)
balkstic gold panicle delivery, {hi} liposone-medined wwansfection, (iv) receplor-mediated gene
transfer, and {¥) the use of DNA ansposons (Morgan, R.A. and W.F. Anderson (1993) Annu. KRev.
Riochern. 62: 191-217; Ivics. Z. (1997) Cell 91:501-519; Boulay. I-L. and H. Récipon ({9%%) Curr.
Opin. Biotechnol. 9:445-450}.

Expression vectors that may be effective for the expression of HPDE include, but ure not
Jimited to, the PCINA 3.1, EPITAG, PRCCMVL, PREP, PVAX vectors {Invitrogen, Carlsbad CA),
PCMV-SCRIPT, FCMV-TAG. PEGSH/FERV (Siratagenc. La lolla CAL and PTET-OFF, PTET-CiN,
PTREZ, PTREZ-LUC, PTR-HY (3 (Clantech, Palo Al CA). HPDE may be expressed using (i) a
conslitutively active promoter. (... from cytomegalovirus (CMV), Rous sarcoma visus (RSV}, V40
virus, thynidine kwase (TK ). or f-actin genes), (1) an inducible promoler (2.5, the
tetracychne-reguluted promoter (Gossen, M. and H. Bujard (19%2) Proc. Natl. Acad. S USA
#9:5547-5551: Gossen, M. et al. {(1995) Science 268.:1766-1769: Rossi, FM.V. and H.M. Blau {1958}
Curr. Opin. Biotechnol. 9:451-456), commercially available in the T-REX plasmid (Invitrogen}); the
cedysone-inducible promuter (available in the plasmids PYGRXR and PINID; lnvitrogen); the
FX 50¢/rapamyc<in inducible promaoter; or the RUABS/mifepnsiuns inductble promoter ( Russd, F.MY,
and Blau, H.M. supra)). or {iti} 2 tissue-specific promoter or the pative promoter of the endogenoas
gene cncoding HPDE from @ sommal individual.

Cammercially available liposome transformation kits {e.g., the PERFECT LIPID
TRANSFECTION KIT, avuilable from Invitrogen) allow one with ordinary skill in the art wo deliver
polynucieatides w0 targes cells in culture and require minimal cffon 1o optimize experimental
parzmeters. In the alternarive, tansformation is performecd wsing 1he caleium phosphate method
{Graham, £ L. and A.J. Eb {1973) Virology 52:456-467}. ot by electreporatiun {Neumann. E. et af
(19871 EMBOQ I, 1:241-845), The introduction of DNA o primary cells requires moditication of
these stundardized mammatian transiection pratocols.

Inanother ermbodiment of the invention, discases or disorders cansed by gencric defects with
respect to HPDE exprossion are treated by constucting a reirovirs vector consisting of (i) the
polyauclestide encoding HPDE under vhe conuol of an independent promater ar the retrovieus fong
erminal repeat (LTR} promoter, (ii) appropriate RNA packaging signals, and {iii) a Rev-iesponsive
element (RRE} along with addirional retrovirus cis-acting RNA sequences and coding sequences
required for efficient vecror propagation. Retrovinus vectors (e.g., PFB and PERNE() are
commercially available (Sumagene} and are based on published data (Riviere, I. et al. (1935} Proc,
Matl. Acad. Sci. USA 92:6733-6737}, incorporated by reference hareit. The veetor is propagated in
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an uppropeiate vector producing cell fing {VPCL} that ¢xpresses an envelope gepe with a tropism for
receplors on the target cells or a promiscoous envelope protein such as ¥5¥g (Armentano. D. etal.
¢1987) 1. Virol. 61:1647-1650; Bender, MLA. etal. (1987} 1. Virol. 61:1639-1646; Adam, M.A. and
Ay Miller {1988) 1. Virol, 62:3802-3806: Dull, T. et al. (19983 J. Virol. 72:8463-8471; Zufferey, B,
eral. (1998) ). Virol. 72:9873-9380). U.5. Parnt Mumber 5.310.434 o Rigg {“Method for ohtaining
retrovitus packaging cell lines producing hiph transducing sfficiency retroviral supematam™)
distioses a method 1or abtaining retrovicus packaging cell lines and ts hereny incorperated by
reference. Propagation of retrovirns vectors, iransduction of a population of cells (e.g.. CD4* T-
celisy, and the relurn of transduced cells to a patient are procedures well known 1o persons skilled i
the urt of gene therpy @nd have been well documented (Ranga. U. etal. (1997) 1. Vival, 71:7020-
2029; Baner, G. et al. {1997} Biood §9:2259-2267, Bonyhadi, M.L. (1997 ). Virol. 71:4707-47 (6
Ranga, L. et l. {1998) Proc. Natl. Acad. Sci. USA ¥5:)201-1206; Su, L. (1997} Blood 85:2283-
2284,

[n ihe alternative. an adenevirus-hased gene therapy delivery system is used 1o deliver
polynucieotides encoding HPDE 1o cells which have ene or mare genetic abnormalities with rexpect
to the expression of HPDE. The comstruction and packaging of adenovins-based veclors are well
known 1o those with ordinary skill in the art. Replication defective adenovirus vectors have proven w
e versatile for importing genes encoding immuncregalatory proteing into intace islels in the pancrsas
{Csete, MLE. et al. {1995} Transplantation 27:263-268). Potentizlly useful adenoviral vectors are
deseribed in U S, Patenl Nember 5,707,618 10 Armentano (" Adenovirus vectars for gene therapy ',
heseby incorporated by reference. For adenoviral vectors. see also Antinozzl. PLA. e al. (1999)
Anmu. Rev, Nute. 19:311-544 ond Verma, LM and M. Somia {1997) Narre [8:389:239-242, both
incorporated by reference herein.

In ancther altemmative, a herpes-bascd, genc therapy dulivery system is used to deliver
polymuecieatides sncoding HPDE to target cells which have ene or more genetic ahaormalities with

respect to the expression of HPDE. The use of herpes simplea vicus (HSV)-based vectors imay be

specially valuable for introducing HPDE to cells of the central nervous system. for which HSV has a
tropism. The construction and packaging of herpes-based vectors are well known 10 those with
ordinary skill in the arl. A replication-competent herpes sioplex virus (HSV} type |-based vector hus
been used 1o deliver a reporter pene to the eyes of primates (Liv. X. et al. {1999) Exp. Eye Res.
169:385-393). The construction of a HSV-1 vitus vector has also been disclosed in dewah in LS.
Patent Number 5,804,413 1o DeLuca ("Herpes simpiex viruys strains for gene teansfer”), which is
hereby incorperated by reference. ULS, Patent Number 5,804,413 teaches the use of recombinant
HSV d92 which consists of 4 genome containing al least one cxogenous gene to be transferred to a

celt under the contrel of the appropriate prometer for purposes including human gene therapy, Alse
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taught by this patent are the construction and use of recombinant HSV strains deleted for [CP4, ICP27
and JCP22. For HSV vectors. see also Goins, W.F. ctal. (1999} J. Virol. 73:519-532 and Xu. H. et al
(1994) Bev. Biol. 163:152-161, heteby incorporated by reference. The manipalation of clensd
herpesvirus sequences, the generation of recombinant virus following the wransfection of multipie
plasmids contasning different segrnents of the large herpesvirus genomes, the growth and propagation
of herpesvirus, and the infechion of cells with herpesvirus are wchnigues well known to those of
ardinary skill in the art.

In another alternative. an alphavirus {positive, single-stranded RNA virus) vector iy used ta
deliver polynucteotides encoding HPDE to targer celis. The biology of the pretotypic alphavirus,
Semliki Forest Virus (SFV), has been siudied extensively and gene transfer veclors have been bised
on the SFY genome (Garolt, 11, and K.-). Li (1998) Cumr. Opin. Biowechnol. 9:464-46%). Doring
aiphavirus RNA replication, & subgenome RNA is generated that nonnally encedes the viral capsid

proteins. This subgenomic RNA replicates to higher levels than the full length genomic RNA.

resulting in the uverprosdc n of capsid proteins celative 10 the viral proteins with enzymatic activity
{e.z., proteaye anid polymerase). Similarly, mserting the coding sequence for HPDE into the
alphavims genome in place of the capsid-coding region resalts in the production of a large number of
HPDE-oding RNAs and the synthesis of high levels of HPDE in vector transduced cells. While
alphavirus infection is typically associgted with cell lysis within u few days, the ability 1o extabiish a
persistent inlection In bamster normal kidney cells (BHK-21} with a variant of Sindbis virus (SIN)
indicatcy that the ytic replication of aiphavimses can be altered 1o swit the needs of the gene therapy
application {Dryga. $.A. et al. (1997) Virology 228:74-83),  The wide host range of alphavimses will
aliow the introductzon of HPDE into a vanety of cell types. The specific transduction of a subsel of

cells in a population may require the sorting of cells prior (o transduction. The methods of

manipulsting infectious CDMNA ¢lones of alphavirses, perfonming alphavims eDNA and RNA
transfections, and performing alphavirus infectiens. are well known to those with ordinary skilf in the
art.

Oligonucleatides derived from Lhe trunscription imiliation sile, e.g., between about positions

-1 and +11) from the start site, may also be employed te tohibit gene expression. Similarly,

inhibilivn can be achieved using tripks helix base~pairing methodology. Triple helix paicing is useful
because L sauses inhibilion of the ability of the double helix 1o open sufticiently for the binding of
palymerases. transeription factors, er regulatory molecules. Recent therapeutic advances using
triplex DNA have been described in the literature. (3ee. e.g., Gee, 1.E. ef al. (1494) in Huber. B E.
and B.I Carr, Maleeular and immunologic Approaches. Furara Publishing, Mt Kisco NY. pp. 163-
1773 A complementary sequence of antisense molecutle may alse be designed o block ranslation of

mENA by preventing the transcript from binding (o ribosomes.
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Ribozymes, enzymatic RNA moleculzs. may also be used to vatalyze the specific cleavage of
ENA. The mechanism of ribozyme action invalves sequence-specific hybridization of the nhazynie
molceule to complementary target RVA, followed by endonucleolytic cleavage. For example,
engineered hammethead motif ribozyme moleeules may specifically and cfficiently catalvze
endonucieolylic cleavage of sequences encoding HPDE.

Specific bozyme cicavage sites within any potentia] RNA target are initiatly identified by
scanning the target molecule for Tibozyme cleavage sites, including the foliowing sequences: GUA.
GUU, and GUC. Ooce identified, shurt RNA sequences of between 13 and 20 ribonuciestides,
earrespanding 1o the region f the targst gene conlaiming the clewvage site, may be evaiuated for
secondary structural features which may render the oligonucleotide inoperable. The suitabiiity of
candidate tarpets may also be evaluated by testing accessibility to hybridization with complementary
oligonucleolides nsing ribonuclease protection assays.

Complementary ribonucleic acid molecules and ribozynies of the invention may be prepared
by any methed known in the ad for the synthesis of nuclcic acid molecules. Thess include technigues
for chemically syathesizing oligonuclestides stech as salid phuse phosphoramidite chemical synthesis,

Allematively, BNA molccules may be generated by fn viro and 1o vive transcriplion of DNA

sequences encoding HEFDE, Such DNA sequencss may be incorperated into a wide variery of vectors
wirh suitabie RNA polymerase promuoters such as T7 or SPG. Altematively. these cDNA consiructs
that synthesize complementary RNA. constiwtively of inducibly, can be introduced inte celi fines,
cells, or tssues.

RINA melecules may be maditied o increase sntraceliular siabiliy and half-life. Possibic
madifications include, but ure not limited to. the addition of Aanking sequences af the 5 and/or 3
ends of the molecule. or the use of phosphorathicate or 2°O-methy! ruther thap phosphodiesterase
linkuges within the backbone of the malecule. This concept is inheremt in the production of PNAs
aud can be oxtended in all of these molecules by the inclusion of nontraditional bases such as inosme,
queosine. and wybntosine, as well as acetyl-, methyl-, thio-, and similatly medificd fasms of adesine,
cytidine, guanine. thymine, und uridine which are not as easily recognized by endogencus
endonucleases,

An additional embixliment of the invention encompasses i method for screening for o
compeund which is effective in altering expression of a polynuclestide encoding HPDE. Compounds
which may be effective in altering expression of 1 specific pelynuclectide may include, but are not
limited to. oligonuelentides., antisense eligonucleotides, tripie helix-fonming oligoauclectides.
trznseription factors and other pelypeptide ranscripitonal regulators, and non-macremolecular
chemtical entitics which are capable of interacling with specific polyaucleotide sequences. Effective

compeunds may alier polynucleotide expression by acting as either inhibirors or promoters of
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potyaucietide expressiar. Thus, in the treatment of disorders associated with increased HPDE
eapression or activity, a compound which specifically inhibits expression of the polynucleotide
encoling HPDE may be therapentically useful, and in the reament of disorders associaced with
deereased HPDE expression or activily. a compound which specifically prometes expression of the
polynucleotice encoding HPDE may be therapeutically nseful.

Al least one. and np to 2 plurality, of 1est compounds may be screened for effecrivencss in
aliering expression of 2 specific palynociectide. A test compound may he obtained by any method
commenly known in the an, including chemical modification of a compound known to be effective in
altering polynucleotide expression; setection from an existing, commercially-available or proprietary
library of asturally-oceurring or non-nemaral chemical compeunds: rational design of a compound
based on chenical andfor structural properties of the target polynoaclectide: and selectivn from o
library of chemical compounds created combinatortally or ndomly. A sample comprising a
polynueleotide encoding HPDE is exposed to at least one t2st compound thus obtained, The sample

mey comprise, for cxample. an intact or permeabilized cell, or an in vio cell-free or reconstitured

biochemical system, Alterations in the expression ol a polynucizoinle encoding HPDE are assayed
by any method commeonly known in the art. Typicaily, the expression of a specific nucleetide is
detected by hybridization with a probe having a nocleotide sequence complementary to the sequence
af the polynuclentide encoding IPDE. The amount of bybridization may be quanufied, thus famning
the basis for & comparison of the expression of the pelynucleotide both with and without exposure 0
one or more test compounds. Detection of a change in the expression of a polynuelcotide exposed 1o
a test compound indicates that the test compound is effective ip altering the expression of the
polynucleotide. A screen for a compound effective in altering expression of a specific pelynucleatide
cat be cerried oul, for example, using a Schizosaccharomvees pombe gene expression systent
{Atkins, D. et al. (1999) U.S. Patent No. 5.932,435: Amdt. G M, et al. (2000) Mucicic Acids Res.
28:E15) or a humiz cell tine such as Hela cell (Clarke, MLL. et al. {2000) Biochem. Biophys. Res.
Commun. 268:8-13% A pamicular embodiment of the present invention mvalves screening &
cambinatorial library of oliganucleotides (such ax deexynbonucleotides, ribonucleotides. peptide
nucleie acids, and medified oligonucleatides) for antisense activity against a specific polynuclecride
secpuence (Bruree, TW. et al. (1997) ULS. Patent Na. 5.686.242; Bruice, T.W. ctal. (2000) 0.5,
Patent Vo, 6022691}

Many methods for introducing vectors into cells or tissues are available and cqually suitable

for use i vivo, in vitro, and ex vivo. For ex viva therapy, veciors may be introduced into stern cells

taken from the patient and clonally propagated for autalogous ransplant back ine that same patient.
Delivery by transfection, by liposome injections. of by polycationic amino polyiaers may be achieved

uxing methods which gre wetl known in the an. {See, c.g., Goldman. C.K. ¢t al. (19973 Na
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Any of the therapeutic methods deseribed above may be applied fo any subject in need of
such therapy. including, lor example, mammals such as hwnans, dags, cats, cows, horses, rabbits, and
menkeys.

An additicnal embodiment of the inventior relates 10 the administration of a composition
which generally comprises an active ingredient formulated with & phurmaceutically acceprable
excipient. Excipients may include, far example, sngars, starches, celluloses, guws, and proteins.
Yarious formulitions are commanly known and are thoreughiy discussed in the latest edition of
Remington’s Pharmaceutical Sciences {Maack Publishing, Kaston PA). Such composinons may
consist of HPDE, antibodies to HPDE. and mometics, agonists, antagonists, or inhibitors of HPDE.

The campositions uiifized in this invention may be administered by any number of routes
including, but xot limited 10, oral. intravenous. intramuscular, intra-arterial, intramedullary,
intrathecal, imraventricular, pulmonary, transdermal, subcutuneous, intrapenitoneal, intranaszl,
enteral, topicil, sublingual. or rectal sneans,

Cumpositions for pulmonary administration may be prepared in liquid or dry powder form.
These compositions are generally acresohzed immediately price to inhalation by the patient. [ the
case of smali molecules (e.g. waditiopal Jow molecular weegh organic drugs), asrosol delivery of
Fast-acting formulations is well-known in the art. In the case of macromolecules (o.g. Targer peptides
and proteins), cecent dovelopments in the field of pulmoenary delivery via the alveslar regron of the
iung have enabled the practical delivery of dmgs such as insulin to blood cirealation (see. e.g., Patton,
I.5.etal., V.5, Patent No, 5.957,848). Pulmonary delivery has ihe advantage of administration
without needle injeclion, and obviales the need for potentially 1oxic penctration enhancers,

Compaositions suitable for use in the inveniien include compositions wherein the active
ingredients are contained in an effective amount 1 gchieve the intended purpose. The detarmination
of an ctfective dose is well within the capability of those skilled in the art,

Specialized forms of compasitons ray be prepared for direct itracelbular delivery of
nucromelecules comprising HPDE or frsgments thereof. For cxample. liposome preparations
containing & cefl-impenveable macromolecole may promore cell fusion and intracellular delivery of
the macromolecule. Aliermtvely, HPDE or & fragment thereof muty be joined 1o a shor cationic N-
terminal portion from the HIY Tar-1 prowein. Fusion proteing thus generated hive been foond to
transduce inte the cells of all rissues, including the brain, in a mouse moded syslem (Schwarze, SR, ot
al. (1999} Science 283:1569-1572).

Far any compound, the therapeutically effeciive dose can be extimated initially either in coll
culture assays, .5, of neoplasic cells, or in animal mndels such as mice, rats, rabbis, dogs,

mankeys, of pigs. An animal medel may also be used o determine the appropriate concentration
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range and reute of administration. Such information can then be nsed to determine usefu! doses and
routes for administration in humans.

A therapeutically effective dose cefers t that amoumt of active sngredient, for example HPDE
or fragmenis thereofl. anibodies of HPDE. and ugonists, antagomsis or inhsbitars ol HPDE, which
ameliorates the symptoms or condirion. Thevapeutic efficacy and ipxieily may be determined by
stapdard pharmaceutical procedures in cell cubtures or with experimental animals, such as by
caleylating the EDy, (Lhe dose therapeutically eficetive in 50% of the population) or LD, (the dose

lethal o 506 of the population) smtistics. The dose ratio of toxic © therapeutic effects is1he

therapeutic index, which can be cxpressed as the LDy/ED,, ratio. Compositions which exhibit large
therapeutic indices arc preferred. The data obtained from cell coltre assays and animal srodies are
vsed to formulate a range of dosage for huran use. The dusage contained in such compositions 15
preferably within a range of circulaiing concentrutions that includes the EDy, with little or no toxicty.
The dosage varies witiin this range depending vpon the dosage form empleyed, the sensitivity of the
patient, and the voute of administration

The exact dosage will be determined by the practitioner, in light of factors related to the
subjeet ceguiring treatnent. Dusage and admints(ration are edjusted to provide sufficient levels of the
active motety or to maintain the desired effect. Factors which may be taken into account include the
severily of the disesse state, the general health of the subject, the age, weight, and gender of the
subject. time and frequency of administration. drug combinalion(s}. resction sensitivities, and
response 1o therapy, Long-acting compositions may be adminisiered every 3 to 4 days, every week,
or biweekly dependmy on the hali-life and clearance rate of the particular formulation.

Nenmal dosage amounts may vary from abour 0.1 g to 100,000 ug, up to a wtal dose of
abom | grem, depending upen the rowte of administration. Guidance as (o particular doseages and
methads of delivery 15 provided in the literature and generatly available i praclitioners in the an.
Those skilled in the art will emplay different formulations for nuclestides than for proteins or theie
inhibitors, Similarly. delivery of pelymicleotides or polypeptides will be specific to particniar cclls,
cenditiens, locations, ¢te.

DIAGNOSTICS

In another erbediment, antibodies which specifically bind HPDE may be used for the
diagnasis of diserders characterized by expression of BFDE, or in assays (o monilor patients being
treaied with HPDE o agonists, antagenists, er inhibitors of HPDE. Antibodies useful for diagnastic
puIposes may be prepared in the same manner 25 described above for therapeuties. Duagnostic assays
for HPDE include methods which utilize 1he antibody and a Jabel to detect HPDE i human body
fluids ar in excracts of cells or tissues. The antibodies may be used with or without nrodiication, and

may be tabeled by covalent of nen-covalent attachment of a reponier molecule. A wide variewy of
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reparter imatzoules, several of which are described above, ate known in the artand may be nsed.

A vaniety of protoeols for measuring HPDE. including ELISAs, BIAs, and FACS, are known
in the art and pravide a basis for diagnesing altered or abnommal levels of HPDE expression. Nornal
or standard values for HPDE expression are estahlished by comhining body fluids or ccll extracts
taken from normal mammalian subjects, for caample, hunan subjects. with antibodies to HPDE under
conditions suitable for complex fonmation. The amount of standard complex formation may be
guantitated by various methods, such as photometric means. Quantities of HPIE expressed in
subject, control, and disease samples from biopsied tissues are compared with the standard values.
Deviation between standard and sobject values establisbes (he parameters for diagnosmg discase

Tn another embodiment of the invention. the pelynucleotides enceding HPDE may be used for
diagnostic purposes. The polynackeotides which may be used include oligonucleatide sequences.
complementsty RMA and DNA molecnkes. and PNAs, The polynuclectides muy be pied to detert
and guantify gene expression in biopsied tissues in whick expression of HPIDE may be correlated with
disease. The diagnestic assay may be used te determne absence. presence. and excess expression of
HPDE. and to monitor regutation of 1IPDE levels during therapeutic intervention.

In ong aspect, hybridization with PCR, probes which ate capable of detecing polynucleotide
sequences. including genomic sequencas. enceding 1PDE or closely relaled molecules may be used
w identify pucleic acid sequences which encode BPOE. The speetficity of the probe. whether it s
made from a highly specific region, c.g., the 3’ regulatory region, or from a lass specitic region, ez, a
conserved motif. and the stringency of the hybridization or amplification will deterinine whether the
probe identifies only narurally occurring sequences envoding HPDE. aliclic vanants, or related
SCqUences,

Probes may also be used for the detection of rciated sequences, and may bave at leask 305
sequence identity 1 any of the HPDE encoding sequences. The hybridization probes of the subject
invention ntay be DA or RNA and may be dertved from the sequence of SEQ I NO:d-6 or from
genomic sequences ineluding promaters, enhancers, and introns of the HPDE genc,

Means for producing specific hybridization probes for DNAs enceding BPDE iaclude the
sloning of pelynucieptde seyuences encoding HPDE or HPDE derivatives into vectors for the
praductivn of mENA probes. Such vectors are known in the art. are commerciully available. and may

b used 1o synihesize RNA probes in vitro by means of the addition of the appropriate RNA

pulymerases and the appropriate labeled mucteotides. 1lybridizaton probes may be labeled by a

variety af reporter groups, for example. by radionuchides such us #P or 5, or by enzymmtic labeis,
such as alkaline phosphatase coupled to the probe via avidin/biotin coupling systems, and the Yike.
Fotynueleotide sequences encoding HPDE may be ased for the diagnesis of disorders

associated with expression of HPDE. Examplas of suck disorders include, but are not lirmted 1o, an
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eye disorder. such as conjunctivitis. keratoconjunctivitis sicea, keratitis, episcleritis, iritis, posterior
uveitis, plaucoma. amaurosis fogax, ischemic oplie neurapathy, optie neuritis, Leber's hereditury
optic neurcpithy, tuxic oplic neuropathy. vitreous detachmeni, retinal detachment. cataract, macular
degeneraticn, centrzl serous churivretinopathy. retinitis pigmentosa. melanoma of the cheroid,
retrehulbar tomor, and chigsmal umor; 2 neurological disorder. such as epilepsy, ischemic

cergbrovascular disease, siroke, cerebral neoplasms, Alzheimer’s disease, Pick's disease,

Huntington’s disease, demenlia, Parkinson's discase and other extrapyramidal disorders. amyotrophs
lutera) sclerosis and other motor neuran disorders, progressive neural muscular atropby. retinitis
pigmentosa, heredilary atuxias, multipls selerosis amd other demyelinating diseases, bacterial and
vira! meningitis. brain abscess, subdural empyema, epidural abscess. suppurative intracranial

thrombaephlebitis, myelitis and radiculitis. viral central nervous system discase, prior discases

including kuru, Crevtzteldt-Jakob diseasc. and Gerstmann-Stravssler-Scheinker syndrome. faat

farntlial msomnia, nuimtenal and metabolic diseases of the nervons system, neurofibromatosis,

twberows sclerosis. corebelloretinal hamangioblastomatasis, encephalatrigeminal syndrome, mental
retardation and other developmental disorders of the central nervous systers maluding Down
syndrome. cerebral palsy, neuraskeletal disorders, sutonemic nervous sysiem disorders, cranial nerve
drsorders. spingl cord disegses, muscular dystrophy and other neuromuscular disorders, peripheral

pervous syslem disorders, dermatomyestiis and polymyositis. biherited. metabolic, endocrine, and

toxic myopathies, myasthenia gravis, periodic paralysig, mental diserders includmrg mood, anxiely.
and schizophrenic disorders, seasonal affeciive disorder {SAD], akathesa, amnesiz, catatonia,

diabetic nenrapathy. cardive dyskinesia. dystonias. paranoid psyehoses, postherpetie neuralyia,

Touretlc's disorder, progressive supranuclear palsy. corficobasal degenaration, and familial
frontotemporal dementia: & cardiovaseular disorder. such as ancriovenous fistula, atheroselerosis.
hypeneasion, vasculitis, Raynaud's disease, aneurysms, arterizl dissections, varicose veins,
thrombophlebitis and phlebothrombosis, vascular txmors, and complications of thrombaelysis, halloon
angioplasty, vascular replaceiment, and coronary artery bypass graft surgery, cungestive heart failure.
ischemic heart disease. angina pectoris, myocardial infarction, hyperiensive heart diszase,
degencrative valvhlar hean disease, calcific aonic valve stenosis, congenitalty bicuspid aortic valve,
mitraf annular caleification, mitral valve prolapse, theumatic fever and theumatic heart disease,
infective endocarditis. nonbacterial thrombotic endocurditis, endocarditis of systemic [upus
erylthemalosus, curcinoid heart disease, cardiomyopathy. mvyocarditis, pericarditis, neoplastic heart
disease, congenital heart disease. and complications of candiac transplantarion, congenital lung
anomalies, atelzctasis, palmonary congestion and cdema, puimonary embelism. pulmonary
hemowhage, pulmoenary infarction, pubmanary hypenension. vascutar sclerosis, obstructive

pulmonary diseuse, restriclive pulmonary disease, chronis obstructive pulmonary disease,
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emphysema. chronic bronchitiz, bronchial aschma, bronchicctasis, bacterial pneurnonia, viral and
mycoplasmal pneumenia, lung abscess, pulmonary uberculosis, diffuss interstitial diseases,
pheumnconinses, sarcoidesis, idiopathic pulmonary fihrosis. desquamative interstitial prenmonins,
hypersensitivity preumonitis, pulmgnary ecsinophilia bronchiclitis oblilerans-organizing pneumonia.
diffuse pulmonary hemorthage syndromes, Goodpasture’s syndromes, idiopathic pulmonary
hemosiderosis, pulmonary involvement in coliagen-vascular disorders, pulmonary alveclar
proteinosis, ung mumors, inflammatery and nomnflammatory pleural effusions, preumothorax,
pleural umors, drig-induced long disease, radiation-induced lung disease, and complications of lung
transplantation; a cell proliferative disorder. such s actinic keratosis, arteriosclerosis, atheroselerosis,
bursilis. cirrhosis., hepatitis, mixed connective tissue diseaxe (MCTD), myelofibrosis, paroxysmal
necturnal hemoglohinuna, pelycythemia vers, psuriasis, pomary thrombocylhemia, apd rapcers
meluding adenocarcimomy, leakemia, (ymphoma, melanoma, mycioma, surcoma, teratocarcinoma,
and, in particylar, cancers of the adrenal gland, bladder, bone, hone marow. brain, breast. cervix, galt
bladder, ganglia, gastroiniesiinal tract, heart, kidoey. fiver, lung, muscle, ovary. pancreas,
parathyroid, penis, prostaie, salivary glands, skin. spleen, testis, thymus, thyroid, and uterus; and an
augitnmune/inflamnmatery disorder, acquired immunodeficiency syndrome {ATDS), Addison's

disease, adult respiratory distress syndrome, allergies. ankylosing spondylilis. amyloidosis, apemia,

asthma, atherascleresis. antoimmune hemolytic ancmia. antoimmune thyroidits, autotmmune
polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED). bronchitis. cholecystius, contact
dermatilis, Crohn's diszase, atopic demmatitis, dermitomyostiis, diabetes mellius, emphysema.
episadic lymphopenia with lymphocytotoxins, erythroblastosis fetalis, erythema nedosum, arophic
gastritis, glomerulonephritis, Goodpasture's syndrome, gout, Graves” disease, Bashimoto's

thyroiditis, hypereosinophilia. imiluble buwel syndrome, multiple sclerosis, myasthenia gravis.

myocardial or pericardial inflammation, ostecarthnliy, osteopurosis, pancreatitis, polymyasitis,
pseriasis, Reiler's syndrome, rheumaloid anbritis, seleroderma, Sjopren's syndrome. systemic
anaphylaxis. systemic upus erythematosus, systemic scleresis, thrombocytopenic pipura, vicertive
colitis, uveitis, Wernet syndrome, complications of cancer, hemedialysis, and extracorporeal

cireulation, viral, bacterial, fungal, parasitic, protozoal_ and helminthic infections, and wwuma . The

polynucleotide sequences encoding HPDE may be used in Southern or norther anaiysis, dot blot, or

other mermbrane-based rechuologics: in PCK technologies; in dipstick. pin. and multifummat ELISA-
Jike assays: and in microarrays utilizing fluids or tissues from patients 1o dereet afiered HPDE
expression. Such qualitative or quantitative methods are well knows in the art.

In 2 particular aspect. the nucleotide sequences encoding HPDE may be useful in assays that
detect the presence of associated disorders, particularly thase mentioned above. The mucleotide

sequences encading HPDE may be lubeied by standard metheds and added 10 2 fluid or fasoe sample
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from 4 putient under conditions suitable for the formation of hybridization complexes. Aftera
suitable incubation perind, the sample is washed and the signal is quantified and compared with a
standard value, It the amonnt of signal in the patient sample is significantly ahered in compacison o
a contrel sample thea the preserce of alered levels of nucleotide seguences encoding HPDE tn the
sample indicares the presence of the associated disorder. Such assays may aise bo used to cvaluane
the elficaey of a particular therapeutic treatinent regimen in animal studies, in clinical trials, or to
moniter the teatment of an individual patient,

In onder {o provide a basis lor the diagnosis of a disorder assoeiated with expression of
HPDE, a normal or standard profile fop expression is estsblished. This may be sccomphished by
combining body [luids er ccll extracts taken from normal subjects, cither animal or human. witha
sequence. or a fragment thereof, enooding HPDE. under conditions suitable for hybridization or
amplification. Standard hybridization may be quantified by comparing the values obtained from
normal subjects with vakues irom an experiment in which a known amount of o substanttally purified
polynucleatide is used. Standard values obtained in this manner may be compared with values
obtained [rom samples fram patients whe are symptamatic for a disorder. Deviation frem standard
values 12 used to establish the presence of 2 disorder.

Cmoe the presence of o dhsarder is establshed and a treatment protacol 1S itiated,
hybridization assays may be repeated on a regular basis w determing if the level of expression in the
patient begins 1o approximaie that which is observed in the normal subject. The resulbts obtained from

successive assays may be esed o show the efficacy of treatment aver a period ranging from several

days ta mon
With tespeet Lo cancer, the presence of an gbnormal amount of travscript (cither under- or

overexpressed) in biopsied tssue from an individual tmay indicate a predispesition for the

development of the disease. or Ipay provide a1 means for detecting the disexse prior 10 the appearance

of astual clinical symptoms. A more definitive diagne

of this type muy allow health professionaly
to employ preventutive messures or aggressive treatment earher therehy preventing the development
or further progression of the cancer.

Additional diagnostic uses for oligonucleotides designed from the sequences cncoding HEPDE
may volve the use of PCR. These oligomers may be chemivally synthesized, penerated
ehzymatically, or produced in virre. Oligoreers will preferably contein a fragment of a polynucleoride
encading HPDE. or a fragment of a pelynucleatide complementary to the pelynucleotide encoding
HPDE. and will be employed under optimized conditions for identification of a specific gene or
candition. Oligomers may alse he ernploved under less stringent conditions for detection or
quantification of closely related DNA or RMA sequences.

In # purticular aspeet, ohigonucleotide primess derived from the potynucleotide sequences
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encoding HPDE raay be used 10 dewer single nucleotide palymorphisims (SNEs). SKPs ure
substitntions, insertions and deletions that are a frequent cause of inherited or acquived genctic
diseuse in humans. Methods of SNP detection include, but are nol limited Lo, single-siranded
confonration palymorphism (38CP) and fluarcscent SSCP (fS3C1) methods. n SSCP,
oligonuclectide primers derived from the pobynuclestide sequences encoding HPRE ure used io
amplify DNA ustg the polymerase chain reaction (PFCR1. The DNA may be denved, for cxample,
from diseased or nowmal tssue, bivpsy suroples, bodily fuids, and the jike, SNPs in the DMA cause
differences in the secondary and tertiary structures of PCH products in single-stranded form, and
these differences wre deleclable using gel electrophoresis in pon-denaturing gels. In ([SCCP. the
chgonucleoride primers ate fluorescently labeled, which allows detection of the amplimers in high-
throughput equipment such as DINA sequencing machines. Additienally, sequence database aralysis
methuds, termed in silice SNP (i58NP). ure cepable of identifying polymarphisins by comparing 1he
sequence of individual overlapping DMNA frigments which assemble imio & commen consensus
sequence. These computer-based metheds filter out sequence variations due to laboratory preparation
of DNA and sequencing errors using sraristical models and automared analyses of DNA seqoence
chromarograms. In the aiternative, SNPs may be detected and charactenized by mass spoctromeiry
using, lor example, the high theoughpul MASSARRAY system (Sequenom. Inc., San Dicgo CA).

Methods which may also be nsed to guantify the expression of HPDE inchue radiolabeting or
bmtinylating nucleotides. coamplification of a control micleis acid, and interpolating results frum
standard curves. (See, e.g., Melby. P.C. etat. (1953} ). Immunol. Metheds 159:235-244; Tuplaa, C.
et al {1993) Anal. Biochem. 212:229-336.) The speed of quantilation of multiple samples may be
accelerated by running the assay in a high-throughput format where the oligomer or polyracieotide of
interest is presented i various dilutions and a spectrophotametric or colarimetric response gves
Tupid guantitation.

In further embodiments, oligonucleotides or longer Tragments derived from any of the
polynucleutide sequences described herein muy be used as elements oo a microarmay. The nicroasray
can be used in transeript imaging rechniques which monitor the relative expression levels of farge
numbers of genes simultaneously as described below. The microarray may also be used to identify
genetic variants, mutations, and pelymorphisms. This information: may be nsed o determine gene
function, to undersiand the genetic basis of a disorder, to diagnose a disorder, to monitor
progression/regresston of disease as a function of gene expression. and to deveiop and monitor the
activities of therapeutic agents in the treacment of disease. In particular. this information may be used
w develop a pharmacogenomic profile of a patient ip order to seleet the most appropriat: and
effective treatment regimen for that putient. For example, therapeutic agents which are highly

effective and display the fewsest side effacts may be sefected for a parient based on histher

35



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(135) JP 2004-500818 A 2004.1.15

WO 01/55358 PCT/USGL02649

20

3}

35

pharmacogenomic profile.

In anather embodiment, HPDRE, fraginents of HFDE. or antibodies specific for HPDE may be
used as eleiments on @ microdstay. The microarray may be used 10 monilor of measure protein-protein
interactions. drug-target interactions, und gene expression profiles. as described above.

A particular embodiment relates to the use of the polynucleotides of the present invention te
penerate a transeript image of a isswe or cell type. A transcript image represents the global pateern of
prene expression by a particular tissoe or cell cype. Global gene expression patlems are unalyzed by
quantifying the number of cxpressed genes and thetr relative abundance under given conditions and at
& given time. (Sce Seilhamer et al., “Comparutive Gene Transoript Analysis,” U.S. Patent Number
5.840,484. expressly incorparared by reference herein.} Thus 2 wranscript image may be gencrated by
hybridizing the polymclesixles of the present invention ot their complements to the wtality of
transeripts or reverse transeripls of @ particular tissue or cell type. In one embodiment, the
hybnidizstion 1akes place in high-throughput format, wherein the palynucleotides of the present
invention or their complements comprise a subsat af a plurality of elements on a microarray. The
resultant transeript imuge would provide a profile of gene activity,

Transcript tmages may be gencrated using transeriprs isolated from tissues, cell lines,

biopsies, or other biological samples. The transeript immge may thus reflect gene cxpression in vivo,

as in the case of a tissue or biopsy sample, or fp vitry, ay i the case of 2 cell hne.

Transcrpt images which profile the expression of the pelynucleotides of the prasent

invention may also be used in conjunction with i vitro model systems and preclinical evaluation of

pharmaceuticais. as well as toxicological testing of industral and natural[v-ocourring environmental
compounds. All sompounds induce characieristic genc expression patterns, frequently termed
malecular fingerprints or toxicant signatures, which arc indicative of mechanisms of action and

texicity {Nuwaysir, E.F. etal. (1999 Mol Carcinog, 24;(53-159; Steimer, $. and N.L. Anderson

(2000) Toxicol. Let. 112-113:467-47 (. expressly incorporated by reference herein), 11 a test
compound has 2 signetare similar to that of 2 compound with known toxrcity, 1115 Jikely to share
those lexic properties. These fingerprines or signatures are most useful and refincd when they contain
cxpression intformativn from a large nomber of genes and gene families, ldeally. 2 genome-wide
easurement of expression provides the highest qualiry signarure. Even genes whose expression is
nat aliered by @ny lested compounds are important as well. as the Jevels of expression of these genes
are used 10 nutmilize the vest of the expression data. The nermatization procedurs is useful for
caomparisen of expression dala after treatment with different compounds. While the assignment of
gene funclion to clements of a toxicant signaturs dids in interpretation of waicity mechanisms,
knuwiedge of gene (unction is net necessary for the statistical matching of signatares winch leads ta

prediction of toxicity. (Sec. for example, Prexs Release (002 fram the Navonal Iostiue of
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Environmental Bealth Sciences, relezsed February 29, 2000, available ac
hatp:#vrww niehs.nih govioc/news/toxchip.btm.} Therefore, it is important and desirable in
1oxicological sereening using loxicant signatures to include all expressed gene sequences.

In ene embodiment, the oxicity of 2 1est compound ix asxessed by weaing a biological
sample containing nugleic acids with the test compeund.  Nucleic acids that are capressed in the
treated biological sample ure hybridized with one or mure probes specific to the polynucteotides off
the prosent invention, so that transcript Jevels comesponding Lo the polynucleotides of the present
invention may be quantified. The transcopt kevels in the treated biological sample are compared with
levels in an untrcated biotogical sample, Differences m the tmnsenpt levels helween the lwo semples
are indicative of a toxie response caused by the test compannd in the treated sample.

Anather particular embodirnent selates to the vse of the palypeptide scquences of the present
invention w analyze the proteome of a tisswe or cell type. The feom proteome refers o the global
pauern of protein expression in a particular tissue ot cell lype. Each protein component of a
proteome can be subjected individually 1o further analysis. Prowcome expression pauemns, or profiles.
are analyzed by gquantifying the naraber of expressed proteing and their relative abundance under
piven conditions and at & givea time. A profile of a cell’s protecme inay thus be zenerated by
separating and analyzing the polypeptides of a particaiar tissue ar cell wype. [n one embodiment, the
separation is achicved using two-dimensional gel elcctrophoeresis, 1n which prateins from a semple ure
separated hy iscelectric focusing in the: first dimension. and then aceording ro molscular weight by
sodivm dodecy] sulfare slab gol clectrophoresis in the second dimension (Steiner and Anderson.
supra). The proteins arc visualized in the gel as discrele and uniquely positioned spots, typicatly by
staining the gel with im agent such as Coumassie Bhue or silver or fluorescent stains. The optical
density of each protein spul is generally propertional to the ievel of the protein in the sample. The
optical demsities of equivalently positioned protein spots from different samples, for example. from
biological samples either treated or vntreated with a test compound ot therapeutic agent, are
compared to identify any changes in protein spot densily related to the ireatment. The proteins tn the
spots are partially sequenced nsing. for example. standard methods ewploying chemical or enzymatic
cleavage lolloweed by mass spectrometry. The identity of the pretein in a spot may be deiermined by
camparing, it partial sequence, preferably of at least 5 contiguens amine acid residues. to the
polypeptide. sequences of the present invention. In some cases. further sequence data nay be
obtaincd for definitive protein identification.

A proteamic protile may also be goncrated vsing antibodies apecitic for HPDE to quantify the
levels of HPDE expression. [n one embodiment. the antibodies are used us elements on a microartay,
and pratein expression levels are quantified hy exposing the microarray o the sample and detecting,

the levels of protein bound 10 each ammy element (Lueking. A. et al. (1999} Anzl. Biochem. 270:103-
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111; Mendoze, 1.G. &L al. {1999) Biotechniques 27-778-788). Detection may be performed by a
vanety of inethads known in the ar. for example, by reacting the proteins in the sample with a thiol-
of anmna-reactive fluorescent compound and detecting the amount of fluerascence bound at each
arcay elemenl.

Toxicant signatures at the proteeme level are abvo useful for loxicological screening, and
should be anatyzed in parailel with toxieant signatires at the transeript level. There is a poor
correlation berween transcript and protein abundances for some proteing in some tissues {Anderson,
N.L. and I. Seilhamer (1997} Electrophorasis 18:533-537). 5o proreome texicant signantres may be
useful in the unalysis of compounds which do not signiCicantly affect the trapscript image, but which
alter the proteomic profile. In addition. the analysis of transeripts in body finids is difffeult, doe to
rapid degradation of mRNA. so proteomic profiling may be mote reliable and informative in such
cases,

1In another embodiment, the texicity of a 1est compound js pssessed by treating a biological
sample contaiming proteins with the test compound. Prolgins that an: expressed in the treated
biological sampie are separated so that the amount of cach protein can be quantified, The amount of
cach protein is compared to the amount of the conespanding pretein in an untreated bivlogrcul
sample. A ditference in the amount of protein hetween the twa samples iz indicative of a 1oxic
respanse 1o the test compound in the treated sample. ndividual proteins are identified by sequencing
the amino acid residues of the individual proteins and comparing these partial sequences to the
polypeptides of the present invenrion,

In unother embodiment, the lexicily of a tesi compound is assessed by treating a biclogical
sample contaiming protzins with the west compound.  Prowins from the biolagical sample age
incubated with antibadies specific o the polypeptides of the present invention, The ameunt of
protein recognized by the antibodies is quantificd. The amount of protein in the treated bislogicsl
sample is compared with the amount in an untreated biological sampie. A difference in the amount of
protein between the two samples i5 indicative of a 1oxic response 1o the 125t compound in the treatedt
sample.

Microarrays may be prepared, used. and analyzed using methods known in the art, {See.c.g.,
Brennan, T M. etal. (1993) U.S. Patent No. 5,474.796; Schena, M_ et al. {1996) Proc, Natl, Acad. Sci.
USA 93:10614-10619: Baldeschweiler ct al. {1995) PCT application WO%3/251116: Shelon, ). et al.
{1995} BCT application WO95/35505; Heller. B.A. ot al. £1997) Prac. Natl. Acad. Sci. USA 94:2150-
2155, and Heller, MLJ. etal. (1997) U.S. Paent No. 5,605,662.) Various types of microarrays are
well knewn and thoronghly described in DNA Microarrays: A Practical Appraach, M. Schena. ed.
11999) Oxfozd University Press, Lundon, hereby expressly incorporated by reference.,

In another embodiment of the mventios, nucleic acid sequences encoding HPDE may be used
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10 generate hybridization probes useful in mapping the aaturally oceurring genomic ssquence, Eiher
coding or noncoding sequences may be used. and in soine instances. noncoding scquences may be
preferable over coding sequences. For example, conservalion of a coding sequence among membei's

«f a multi-genz family may perentialty cause undesired cross tivhridization dering chromosomal

mapping. The sequences may be mapped to 2 partcular chromoesone, to a specilic region of a
chromoesome, or to artificial chromosome construcnons, &, buman arifictal chromosomes (HACS),
yeast artificial chromosomes {YACs), bacterial anlificial chromesomes (BACS), bactenal P1
constractions. or single chromosome cIINA libraries. (Sec, c.g., Harringron. 5.1 et al. {1997} Nat
Genet. 15:345-355; Price. CM. (1993) Blood Rev. 7:127-134; and Trask. B.J. (1991 Trends Genet.
7:149-154.} Once mapped, the nucleic acid sequences of the snvention may be used ro develop
penetic linkage maps, for example, which corelate the inheritince of a disease state with the
inheritance of & particutar chromosome repion or restriction fragment length polymorphisim (RFLP).
{See, far example. Lander, E.S. and D. Bolstein (1984) Proc. Nath, Acad, Sci. TSA 83:7353-7357.)

Fluorescentin siw hybridizavion (FISHY may be comrelated with other phiysical and genetic

map data. (See. e.g., Heinz-Ulrich, et al. {1995} in Meyers, supra. pp. 965-968.) Examples of genetie
map data can be found in various seientific journats or at the Online Mendelian Inberitzoce in Man
{OMIM) World Wide Weh site. Correlation hetween the Tocation of the gene encoding HPDE on a
physical mup and o specific disorder, or a predisposition 1o a specific disorder, may help define the
region of DNA associared with that disorder and thus may further positional clomiag efforts

In sitny hybridization of chromosemal preparations and physical mapping techniques. such as

Imkape analy:

3 using esteblished cheomosomal murkers, may ke vsed for extending genetic maps.
Often the placement of a gene on the chromosome of another mammalian species. such as mouse,
may reveal associated markers even if the exact chromnssomal locus is not known, This information is
valuable to investigators searching for discase geRes using positional cloring or other gene discovery
techniques. Cince the gere or genes responsible or a disease o syndrome have been crudety
localized by genetic Hinkage to a particular genomic repion, e.g., atxiz-telangieciasia ta 11q22-23,
any sequences mapping o that area may represent associated or tegnlatory genes for lurther
investigation. (See, e.g.. Gattt, R.A. ct al. {1988} Nawre 336:377-580.) The nucleotide sequence of
the instant invention imay also be used 1o detect differances in the chromosomal location due to
translocation, inversion. etc., among normel, carrier. or affected individuals

I annther embadiment of the invention, RPDE. its catglytic or imnenogenic fragments. or
cligopeptides thereof can be used for sereening libraries of compeunds in any of a variety of drug
sereening technigques, The fragment employed in such screening may be free in solution. affixed 1w a
solid suppart, borne on a cell surface, or located intracellularly. The fonmation of hinding complexes

berween HPIDE and the agent being tested may be measured.
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Another technique Tor dmg sereening provides for high throughput screening of compounds
having suitunle bmding affiray 1o the protein of imerest, {See, e.g., Geysen, et ak. (1984} PCT
application WOB4/03564.) It this method, large numbers of different small test compounds are
synthesized on 4 solid substrate, The ¢est compounds are reacted with HPDE, or frugments thergol,
and washed, Bound HPDE is then detected by methads well known in the arl. Purilied HPDE can
alse be conted direcily eito pates tor use in the aforementioned drug sereening techniques.
Adtematively, non-neuralizing aniibodics can be used to capmre the peptide and immeobilize ic on a
sald support.

[n another cmbodiment, ane may use competitive drug screening assays in which neutralizing
antibodies capable of binding BPDE specifically compete with a test compound tor binding HEDE.
In this manner. antibodzes can be used o deteet the presence of any peptide which shares one or more
antigenic determinants with HPDE.

In additional embadiments, the nucleatide sequences which encode HPDE may be ased in
any molecular biology technigues that have yet 1o be developed, provided the new fechniques rely an
propesties of nuclzotide sequences that are currently known., including, but nat timited io, such
propemics as Lhe triplet genetic code and specific base pair interactions.

Without further elaboration, it is believed that one skilled m the an can, using the preceding
description, utilize the present invention to its futlest extent. The following embodiments are,
therefore, o be construed as merely illustrative, and not Iimitative of the remander of the disclosure
in uny way whatsoever.

The disclosures of ali patents, applications and pubhications, mentioned above and below, in
particular LS. Ser. No. 60/178,570, U.S. Ser. No. 60/182,042. and ULS. Ser. No. 60/183.178. are

expressly incotporated by reference herein,

EXAMPLES

L Constraction of cDNA Libraries

Incyte cDNAs were derived from cDNA Hbraries described in the LIFESEQ GOLD datishase
(Incyte Genomees, Palo Alto CAY and shown in Table 4, colomn 5. Seme tissves were homogenized
and [ysed 1 guanidinim isothocymate, while others were homogenized and tysed in phenel or in a
suitable muxture of denatorants, such 25 TRIZOL (Life Technologies). a manophasic solutien of
phenol and guanidine iscthiocyanate. The resnliing lysates were cenitifuged over CuCl cushions or
exmracted with chieroform. RNA was precipitated from the [ysates with either isapropanel or sodium

acerate and ethanol, or by other rourine methods.

Phene) extraction and precipitation of RINA were tep H] Y RNA

pomty. in some cases, RNA was trezied with DNase. For most libraries, peiy(AH BRNA was isolatesd

&l
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using oligo d(T)-coupled paramagneric particles (Promega), QLIGOTEX latex panticles {QIAGEN,
Chatsworth CAJ, or 2n OLIGOTEX mENA purification kit (QIAGEX). Alternatively. RNA was
isolated directly from tiasue lysares using ather RNA isolation kirs. e.g.. the POLY{AYPURE mRNA
purification kit { Ambion, Austin TX),

In some cases, Stratagene was provided wilh RNA and constructed the corresponding clINA,
libraries. Otherwise, cDNA was synthesized and cDIA libraries were constructed with the NEZAP
vector systemn {(Siratagenc) or SUPERSCRIPT plasmid system {Life Technologies), using the
tecommended procedures or similar methods known in the art. (See, e.g., Ausubel, 1997, supra. units
5.1-6.6.} Reverse tanscription was imtiated wsing oligo d(T) or randon: primers. Synthetic
oligoneeleotide adapters were ligated ro double stranded cIDNA, and the cDNA was digested with the
appropriate resiriction epzyme ur enzymes. For most Libracies, the cDNA was size-selected (300-
1XK) bp} using SEPHACRYL S1000, SEPHAROSE CL2E. or SEPHAROSE CL4E column
chromatography (Amersham Pharmacia Biotech) or preparative agarose gel electropboresis. cDNAs
were ligated into compatible restriction enzyme sites of the polylinker of 4 suitable plasmid, e.g..
PBLUESCRIPT plasmid {Stratagene). PSPORTIL plasmid {Life Technologies) PCIIRAZ Y plasmid
{Invitrogen, Carlsbad CA), PEEK-CMV plasmid (Stratagenc}. or pINCY (Ineyte Genomics, Pale Alto
LA), or denvatives thercof. Recombinant plasmids were transformed into competent L. cali eclls
including XL 1-Biue, XL1-BlueMRF, or SOLR [rom Stratagene or DH3e, DITIOB, or ClecroMAX
DHILOB from Lite Technologies.

IE. Isolation of cDNA Clones

Plasmids obtained as dezcribed in Example { were recovered fron host ceils by in vivo
excision using the UNIZAP vecror system (Stratagene) or by cell lysis. Flasmids were purified using
at least ope of the following: 4 Magic or WIZARIDY Minipreps DNA purification system (Promega); an
AGTC Miniprep purification kit (Edge Biosystems, Gaithersburg MDY and QIAWELL 8 Plaunid.
QIAWELL § Plos Plasmid. QIAWELL § Ukra Plasmiid purification systems or the R.E.AL. PREF 96
plasmid purification kit from QIAGEN. Fallowing precipitation, plasmids were resuspended in 0.1
ml of distilled water and storad, with of without lyophikzation, at 4°C.

Alternatively, plasmid DNA was amplified from host cell lysates using direet ink PCR in a
high-throughput Tormat (Rao, V.B. (1994} Anal. Biochem. 216:1-14}. Host cell lysis and thermal
eycling stepx were carried oot in a single reaction mixwire. Samples were processed and stored in
d-wel! plates. and the concenration of amplified plasmid DNA was quantificd fluoromerricatly
using PICOGREEN dye {Molecular Probes, Bugene OR) and a FLUORQSEAN 1L fluorescence
scanner {Labsystems Qy. Helsinki, Fnland).

III.  Seguencing and Analysis

Incyte cDNA recoverad in plasmids as describect in Hxample [i were sequenced as follows
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Sequencing reactions were procassed using standard methods or bigh-throughpur instrumentation
such as the ABICATALYST 800 {Applied Biosysterns) thermal cyeler or the PTC-200 thermal
cyeler (M) Research} in conjunction with the HYDRA microdispenser (Robhins Scientific} or the
MICROLAB 2200 (Hamilton} liquid transter system. clINA sequencing resctions were prepared
using reagents provided by Amersham Pharmacia Biolech or supplied in ABT sequencing Kits such as
the ABI PRISM BIGDYE Terminator cycle sequencing ready reaction kit (Applied Biosystems},
Eteetrophoretic separation of cDNA sequencing reactions and delection of labeied polynucleotides
were camed oot ustng the MEGABACE 13X DINA sequencing system (Moleoulac Dynamics); the
ABI PRISM 373 or 377 sequencing systern (Applicd Bivsysterns) in conjunclion with standard AB1
peotacoly and base calling software; or other sequence analysis sysiems known in the ant. Reuding
framus within the ¢DNA sequences were identified using standerd methods (reviewed in Ausubel,
1997, supra. nnit 7.7). Some of the cDNA scquences were sclected for extension using the techniques
disclosed in Example VI

Tke polynuclectide sequences derived from Incyte cDNAx were validated by removing
vector, finker, and poly(A) sequences and by masking ambiguous bases. using algorithms and
programs based on BLAST, dynamic programming, and dinucleotide nearest neighbor analysis. The
Incyie cDNA sequences or translations thereof were then queried against a selection of public
databases such as the GenBank primate, rodent, mammalian, vertebrate, and cokaryole ditabases, and
BLOCKS, PRINTS, DOMO, PRODDM, and hidden Markov model (HMM)-based protein Tamity
databases such as PFAM. (HMM is a prebabilistic approack which analyzes conscnsus primary
strectores of gene families. See. for example. Eddy, 8 R. (1996} Comr. Opin. Struct. Biol. 6:361-365.)
The queries were performed using programs based on BLAST, FASTA. BLIMPS. and HMMER. The
Ineyts cDNA sequences were asserbled o produce full lenpth polynucleotide sequences.
Ahematively. GenBunk ¢cDNAs, GenBank ESTs, stilchel sequences, stretched sequences, or
{renscan-predicied coding sequences (see Examples TV and V) were used (0 extend Incyte cONA
assemblages to full length. Assembly was performed using programs based on Phred, Pheap. und
Consed, and eDNA assenblages were sereened for open reading frames using programs based on
GepeMark. BLAST, and FASTA. The full length polynuclectide sequences were translated to derive
the correspending Fall length polypeptide sequences. Altamatively, = polypeptide of the invention
may begin at any of the methionine residues of the full length translated polypeptide. Foll length
polypeptide sequences wene subseguently analyzed by querying against databases such as the
GenBank protein databases (genpept), SwissProt. BLOCKS, PRINTS. DOMO, PROGOM, Prositc.
and hidden Markev model {(HMM)-based protein famify databases such as PFAM. Full length
polynuclectide sequences are also anglyzed using MACDNASIS PRO software (Hitachi Software
Engineering, South $an Francizco CA) and LASERGENE sofiware (DNASTAR). Polynucleatide

62
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and polypeptide sequence alignments are generated using defonlt parameters specified by the
CLUSTAL algarithm as incorparated into the MEGALIGN multrsequence alignament program
{DNASTAR), which also caleulates the percent identity between zlipned sequences.

Tuble 7 surmirrizes the tools. programs. and algoritbms used for the analysis and assembiy of
Tneyte cDNA and full lengih sequences and provides applicable descriptions, references, and
threshold parameters. The first colmpn of Tuble 7 shows the tools, programs, and algorithms used,
the second column provides brief deseriptions thereof. the third column presenis appropriaie
references, all of which are incorporated by reference hereir in their entirety, and the fourtk column
presents. where applicable, the scores, probability values, and ether parameters used to evaluate the
strength of a match betwesn twoe sequences (the higher the seore or the Jower the probability valoe,
the greater the identity between two sequences).

The progeams described above for the assembly and analysis of full length polynucleotide
and poiypeptide scquences were also used Lo idenlify polyaucleotide sequence fragments from SEQ
1D WO:d-6. Fragments from ahout 20 to about 4000 nusicorides which are usefu] in hybridization and
amplification technologics are described in Tuble 4, colomn 4.

. Tdentification and Ediling of Coding Sequences Irom Genomic DNA

Putative phosphodiesierases wene witially identified by running the Genscan gene
identification program against public getomic sequence databases {e.g., gbpri and gbhtg). Genscan is
it general-purpose gene identification program which analyzes genomic DNA sequences (roma
varicty of vreanisms (See Burge, C. and 5. Karlin {1997) 1. Mol. Biol. 268:78-%4. and Burge. C. and
5. Karlin (1998) Curr. Opin, Struct. Biol. 8:346-354). The program concatenates predicted cxens to
form an assembled cRDNA sequence extending from a methioning 1o & stop codon. The cutpur of
(enscan is a FASTA database of polynucieotide and pelypeptide sequences. The masimum ringe of
seguence for Genscan Lo analyzs at once was set to 30 kb, To derermive which of these Genscan
predicted €DNA sequences encode phosphadicstetases, the encoded pelypeptides were analyzed by
querying against PEAM madels for phosphodicsterases. Potential phosphodicsterases were also
tdentified by homology ta Invyle cDNA sequences that had been annorated as phosphodiesterases.
These selected Genscan-predicted sequences were then compared by BLAST anziysis o the genpept
and ghpn public datsbases. Where necessary, the Genscan-predicted sequences were then edited by
commparison Lo the top BLAST kit from genpep to comrect errors in 1he sequenee predicted by
Gensean, such as extea or omitted exons. BLAST analysis was also used ta find any Incyte cDNA ar
public ¢cDNA coverage of the Genscan-predicred sequences, thux providing evidunee for transeription.
When Incyte cDNA coverage was available, this information was used to cerrect or confirm the
Genscan predicted sequence. Full lengih polynucleolide sequences were obtained by assembling

Genscan-predicted codmg sequences with Ineyte cDINA sequences and/or public cDINA sequences

63
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using the assembly process described in Example [, Alternatively, full fength polynuclectide

sequences were derived entirely from edited er | Genscan-p | coding

V. A bly of (= ic 5 Data with cDINA Sequence Daka

“Stitched" Sequences

Pantial cDNA sequences were extended with exons predicted by the Genscan gene
identification program deseribed m Example IV, Partial cDMAs assembled as described in Example
11 were mapped to genomic DMA and parsed ina clusters containing related cDNAs and Gensian
exon predictions from one or more genemic sequences, Each clusier was snalyzed using an algerithm
based an graph theory and dynamic programrong to integrate cDNA und genomic information.
generating possible splice varianty Ihal were subsequently confirmed. edited, or extended to create a
full length sequence. Sequence ineervals in which the entire length of the interval was present on
more than one sequence in the cluster were identified. and ntcrvals thus identificd were considered o
be cquivalent by transitivity. For example, if an interval was present on & ¢cDNA und two genomic
sequencss, then all theee intervals wers considered 1o be equivalent. This process allows unrelzed
but conseculive genomic sequénces Lo be braught together. bridged by ¢DNA sequence. Intervals
thus sdentificd were then “stilched” logether by the stitching algorithm in the order that they appear
alang their parent sequences 1o genarate the longest possible sequence, as well as sequence variants
Linkages between intervals which proceed along one (ype of parent sequence (cDNA to cDNA ot
EenOmic sequence to gennmic sequence) were given preference over linkages which change parent
type (cDNA to genomic sequence). The resoltant stitched sequences were transkated and compared
by BLAST analysis to the penpept and sbpri public databases, Incorrect exons predicted by Genscan
were corrected by comparison to the top BLAST hit from genpept. Sequences were Turther extended
with additional cDNA sequences, or by inspection of genowie DMA, when necessary.
USteetched” Sequences

Panial DNA sequences wers extended o full length with an atgorithm bused on BLAST
analysis. First. partial cDNAs assembied as deseribed in Example 111 were queried against public
databuses such as the GenBunk primute. rodent, mammaliar, vertebrate, and enkaryole datubases
using the BLAST program. The nearest GenBank protein homeleg was then compared by BLAST
analysis lo eilher Incyte cDNA sequences or GenScan exon predicted seguences desctibed in
Example TV. A chimeric prolein was generated by uging the resultant bigh-scoring sepment pars
[HEFs) to map the transkated sequences onto the GenBank prowir homolog. Insertions or delctions
may occur i the chimeric protein with respect to the original GenBank protein homolog. The
GenBank proteim homolog, the chimetic protein, or both were nsed as probes to search for
hemalogons genomic sequences fram the public buman gename databases. Parttal DNA sequences

were therefore “stretehed” or extended by the udditon of bamelogous genamic sequences. The

L)
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resultant stretched sequences were examined Lo determine whether it contained a complete gene,
YL Chromosomal Mapping of HPDE Encoding Polynucleotides '

The sequences which were nsed to assemnble SEQ 1D NOM-6 were compared with sequences
from the Incyre LIFESEQ database and public domain dulabascs using BLAST and other
implemenzations of the Smith- Waterman algorithm. Sequences from these databases that matched
SE(Q 1D RO:4-6 were assembled into cluslers of contiguous and overlapping sequences using.
assembly algorithms such as Phrap (Table 7). Radianon hybrid and genetic mapping data available
from public resovrces such as the Stanford Human Genome Center (SHGC), Whirchead Instirute for
Genome Research (WIGR ), and Généthon were used w determine if any of the clustered sequences
had been previonsly mapped. Inclusion of a mapped sequence in a eluster resulted in the assigninent
of all sequences of that cluster, inchuding its particular SEQ IR NO:, to that map location.

Map locations are represented by ranges, or intervals. or human chromosomes. The inap
position of an interval, i centiMorgans, is measured relative to the tenmings of the chromosome’s p-
amp. (The ceptiMorgan (eM) is 2 umt of incasarement bascd on recombination trequencies benween
chromesomal markers. On average. | eM {s roughly equivalent ta 1 megabase (Mb) of DNAn
humans. although this can vary widely due to hot and cold spots of recombination.) The ¢M
distances are based on genetic markers mapped by Généthon which provide boundaries for radiation
hybrid markers whase sequences were included in each of the cluswers. Humnan genome maps and
other resources available to the public, such as the NCBL "GeneMap' 99" World Wide Web site
(http:fwwaw.nebi.nlm.nih.gov/genemap/}), can be employed to determine il previousty identified
disease genes map within or in proximily to the intervals indicated above.

VIL.  Analysis of Polynucteotide Expression

MNorthern analysis is 4 laboratory technique used 1o detect the presence of a transcript of a
gene and involves the hybridization of a labeled nueleotide sequence to a memhrane on which RNAs
From & particular cell type of tissue have been bound. (See, e.z., Sambrook. sunra, ch. 7; Ausubel
£19595) supra. ch. 4 and 18.}

Analogous compater lechnigues applying BLAST were used to scarch for identical or related
molecules in cDNA databases such as GenBank or LIFESEQ {Incyte Genomics). This analysic s
much (aster than multipie membraoc-based bybridizations. In addition, the sensitivity of the
computer search can be madified 1o determine whether any particylar match is categorized as exact or

strmilar. The basis of the search is the produet score, which is defined as:

BLAST Score x Percent ldentity

3 x minimum {length(Szq. 1), lengthiSeq. 2)}
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The product score 1akes inte account both the degree of similanity between two sequences and the
length of the sequence match. The product score is a normalized value bevween G and 100, and is
calculated as follows: the BLAST score 1x multiplied by the percent nucleatide identity and the
product is divided by (5 times the lengtl of the shorter of the two sequences}. The BLAST score iy
cafculated by asstgning a score of +5 for every huse thal matches in u high-scoring segment par
(HSP), and -4 for every misnuatch. Two sequences may share more than one HSP (separated by
gaps). If there is more thun one HSP, then the pair with the highest BLAST scorc is used (o caloulate
the product score. The product score cepresents a balance between tractional overlop and quality in a
BLAST alignment. For example, 2 prodoct score of 100 s produced only for 100% idenlily over the
entire length of the shorter of the two sequences being comparedl. A preduct score of 70 s produced
either by 100% identity and 70% averlup at ope end. or by 88% identity and 100% overiap at the
ather. A product seors of 50 is produced exher by 100% identity and 50% overlap at one end, or 79%
identity and 100% overlap.

Alermatively. pelynucleatide sequences encoding HPTIE are analyzed with respect to the
tissue souzees from which they were derived. For example, some full length sequences are
assembied, at least in part, with averlapping Incyte cDNA sequences (see Exanple 11D, Each eDNA
sequence 15 derived from a cONA library consrructed from a human tssue. Each human tissue is
classilied into une of the following organ/tissue categorics: cardiovascular system: conusclive tssue:
digestive systeny; cmbryonic structures: endocrine systemn; exacrine glands; genitalia, female,
genitalia, male; germ ceils; hemic and immune system; liver; musenloskeleral system: nervous
syslem; pancreas; respiralory SyStem; sense organs; skin; stomutognathic sysiem; unclassified/mixed:
or wrinary tract. The numober of [ibraries in cach categary i counted and divided by the wtat numbser
of librasies across all categories. Similarly, #ach human tissue is classified into one of the following
diseasefeondition categories: cancer, cell line, developmental, intlammation. neurclogical, trauma.
cardiovascular, pealed, and other, and the number of libraces in each category is counted and divided
by the totai number of libraries across all categories. The resulting percentages refect the tissue- and
disease-specific expression of cDNA encoding HPDE, clINA sequences and cDNA library/tissue
information are found in the LIFESEQ GOLD dalabase {Incyte Genomics, Palo Alto CA).

VIII. Extemsion of HPDE Encoding Felymucientides

Full length palynucleotide sequences were also produced by cxiznsion of an appropriate
fragmant of the full length molecale using oligonucleotide primers designed from this fragment. Onc
primer was synthesized (0 iniliate 5" extension of the known fragment. and the other primer was
synthesized to initiate 3 extension of the known fragment. The nitial primers were designed using
OLIGO 4.06 software (National Bioscicoees}, or another appropriate program, 1o be about 22 1o 30

nuckeotides in length. to have a GC <ontent of about 50% or more, and to annesl to the target
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sequence at lemperatures of about 68°C 1o abaut 72°C. Any strecch of nucleatides wineh vould
result in hznpin structures and primer-primer dimerizations was aveided.

Selected human cDNA libraries were used o cxtend the sequence. I more thun one
extension was necessary ar desired, additional or nesied sets of primers were designed.

High fidelity amplification was obiained by PCR using methads well known in thean. PCR
was performed in $6-well plates using the PTC-200 thermal cycler (MJ Reszarch, Inc.). The reaction
mix contained DNA template, 200 nmel of each primer. reaction buffer containing Mg™', (NH,),30,,
and 2-mercaptosthanel, Tay DNA polymerase (Amersham Pharmacia Biotech), ELONGASE enzyme
(Lifc Technologies), and Pia DNA, polymerase (Stratagenc), with the Tollowing parsmeters (or primer
pair PC1 A and PCLB: Step 1: 94°C. 3 min: Step 2: 947C, 15 sec: Swep 5: 60°C, | min: Siep 4: 68°C.
2 min; Step 5 Sieps 2, 3. and 4 repeated 20 fimes: Step 6: 68°C, 5 min: $1ep 7: storege at 4°C, In the
alternutive, the parameters for primes pair T7 and SK+ were as follows: Step §: 94"C. 3 min; Step 2:
94%C, 15 see: Stop 3: 37°C. | min: Step 4: 68°C, 2 min: Step 3; Steps 2, 3, and 4 repeated 2} iimes.
Step 6: 687C, 5 mun; Skep 7 storage at 4°C.

The concentration of DINA in each well was determnined by dispenatng 100 ul PICOGREEN
quantitation reapent (0.25% (vv) FICOGREEN; Muolecular Probes. Bugene OR) dissolved in 1X TE
aml 0.5 p! of undiluted PCR product inte each well of an opaque fiverimeter plate (Coming C

T,
Acton Ma)., allowing the DNA 10 bind 1o the reagent. The plate was scanned i a Fluoroskan 1T
(Labsystemns Oy, Helsinki, Finland) to measure the fluorescence of the sample and 1o quantify the
concentratton of DNA. A 5 121 to 10 a0 aliquat of the reaction mixwure was analyzed by
clectrophoresis on a | % agarose gel to determing which reactions were successful in extending the
sequence,

The exwended nucleotides were desalted and concenteated, transferred 1o 384-well plaies.
digested with CviJl cholera virus endonucleass (Molecalar Biology Rescarch. Madison W), and
senicated or sheared prior b religation into pUC 18 vector (Amersham Pharmacia Bietech), Jor
shotgun sequencing. the digested pucleatides were separared an low concentration (0.6 Lo 0.8%)
agarase gels, fragments were excised. and agar digested with Agar ACE (Promega). Extended clunes
were meligated using T4 ligase (New England Biolabs, Beverly MA) inte pUC 18 vector (Amersham
Pharmmacia Biotech), treated with Pfu DMA polymetase (Stratagene) 1o fill-in restriction site

ovethangs, and transfected into competent F. coli cefls. Transformed celis were selected on

antibiotic-conaining media, and individsal colonies were picked and culred overniphr 2t 37"'Clin
384-well plates in LB/2x carb liquid media.

The cells were lysed. and DNA was amplificd by PCR wsing Tag DINA palymerase
{Amersham Pharmacia Biotech) and Pfu DNA polymerase (Siratugene) with the foliowmg
parameters: Step J: 94°C, 3 mun; Step 2: 94°C. {5 sec: Step 1: 607C, 1 min; Step 4: 72°C, 2 min;
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Step 5 eteps 2, 3, and 4 repeaied 29 times; Step 6 72°C, 5 min: Step 7: storage at 4°C. DNA was
quantificd by PICOGREEN reagent [Moiccular Probes) as described above. Samples with fow DNA
recoveries were reanplified nsing the same conditions as described above. Samples were dilured
with 20% dimethysulfoxide (1:2, v/v), and sequenced using DYENAMIC energy transfer sequencing
primers and the DYENAMIC DIRECT it (Amersham Pharmacia Biotech) or the AB] PRISM
BIGDYE Ternunator cycle sequencing ready reactian kit {(Apphed Biosystems).

in fike manner, full length polynecleotide sequences are verified using the above procedure or
are used ta obtain 5" regulatory sequences using the above procedure along with aligonucleotides
desimed {or such extension, and an appropriate genomic library.

IX. Lubeling and Use of Individual Hybhridization Probes

Hybridization probes derived from SEQ [D 30:4-6 are employed 1o sereen cDINAs, genenue
DNAs. or mRNAs. Although the labeling of cligonueleotides, eonsisting of about 20 base pars, 15
specifically described, essentially the same procedure (s ased with larger nuclectide fragments,
Oligonucleotides are designed using state-of-the-art software such as QLG 4.06 software (National
Bioseiences) and labeled by combining 50 prmol of each aligomer, 250 nCi of [y-"P) adenosine
triphosphate {Amersham Phavmacia Biotech), and T4 polynucleotide kinase (DuPont NEN, Bosten
MA]). The labeled aligonuciectides are substantially purified using 2 SEPHADEX G-25 superfine
size exclusion dextran bead column (Amersham Pharmucia Biotech). An aliquot containing 107
counts per minule of the labeled probe ts used in a (ypical membranc-based hybridization snalysis of
human genomic DNA digested with ane of the following endonucleascs: Ase I, Bgl 1L, Eco R Pst 1,
Xha I, or Pvu 11 {DuPont NEN).

The DISA from cach digest is fractionated on 2 (.7% agarose gel and wansferred to nylon
metnbranes (Nytran Plus, Schleicher & Schuell, Ducham NH). Hybridization is cacned oul for 16
hours at 40°C. To remove nonspecilic signals, blots are sequentially washed a room (eoperature
under conditions of up to, for example, 0.1 x saline sodium citrate and 0.5% sodium dodecyl sulfate.
Hyhridization patlerns are visualized using auteradiography or an aitemaive imaging means and
compared .

X. Microarrays

The linkage or synthesis of array elements upon a microarray can be achieved utitizing
phota] ithography, piezoelectric printing (ink-jel printing, See, ¢.g., Baldeschweilur, supra.),
mechanical microspotting technvlogies, and derivatives thereof. The substrate in each of the

aforementioned technologies should be uniform and solig with @ non-potous surface {Schena (1999),

supra). Suggested substrates include silicon, silica. glass slides, glass chips. and silicon wafers.
Alternatively, a procedure analogous to a tot or slot blot may also be used 10 arrange and link

elements to the surface of a substrate vsing thermal. UV, chemical. or mechanical bonding

o8
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procedures. A typical array may be produced using availuble methoeds and machines well known o
those of ordinary skill in the art and may contain any appropriate nomber of elements. (See, ¢.g..
Schena, M. et al. (1995} Science 270:467-470; Shalon, 1. i al. (1%96) Geneme Res. 6:639-645;
Marshall, A. and J. Hodgson {1998) Nat, Biotechnol. 16:27-31.)

Full length cDNAS, Expressed Sequence Tags {ESTs). or fragmems or eligomers thercof may
comprise lhe elements of the microarray. Fragrnents or oligomers suitable for hybridization can be
selected using software well known in the ant such as LASERGENE software (DNASTAR). The
array elements are bybridized with polynucleatides in 4 biclogical smnple. The polynuclectides irt the
biolegical somple are conjugated to a fluarescent label ar other malecular 1ag for ease af delection.
After hybndization, nonhybridized nucleotides from the biologicel sample are remoeved, and a
fluorzscence scanner is used to detect hybridization at each array clement. Alternatively. lascr
devorbhion and mass spectrometry may e nsed for detection of hybridization. The dearee of
complomentarky and the relative abundance of each polynuclzotide which hybridizes to un element
on the micrearsay may be assessed. [n one embodiment, microarmay preparation and usage s
described in detail below.

Tissue or Cell Sample Prepuration

Total RNA is isolated from tissue samples using the guanidinium thiocyanate method and
poly(A) RNA is purified using the oligo-(dT) cellulose mcthod.  Fach paly(A)* RNA samplc is
reverse iranscribed using MMLV reverse-transeriptase, £.05 pg/ul oligo-(dT) primer (2| mery, 1X
first strand bufter, 0.03 units/pl RNase inhibitar, SU0 pM dATP, 500 phd dGTP, 500 pM dTTP. 400
uM dCTP, 40 pM dCTP-Cy3 (BDS) or JCTP-Cy S (Amersbam Phannacia Bictech). The reversc
transcription reaction is performed in a 25 ml volume containmy 200 oy polylA)”" RNA wilh

GEMBRIGHT kits fIncyte). Specific control poly(A}" KNAs are synthesized by i vitro transceiption

from non-coding yeast genomic DNA, After incubation at 37°C fur 2 hr, each reactiun sample {one
with C¥3 und another with CyS labeling} is treated with 2.5 ml of 0.5M sediom hydroxide and
incubated for 24 minutes at 83°C ta the stap the reaction and degrade the RNA. Samples are purified
using 1w successive CHROMA SPIN 20 gel fileation spin colunmns (CLONTECH Laboratories, Inc.
(CLONTECH), Palo Alle CA} and after combining hoth reaction samples are ethanel precipitated
using 1 ml of glveogen (1 mg/ml), 60 ml sedium acetae, and 200 ml of 100% cihanol. The sample ix
then sdried o completion using a SpeedVAC (Savam Instrements Loc., Holbrook NY'} and
resuspended in 14 pi 5X 55CA0.2% S5,
Microarray Preparation

Sequences of the present invention are used te generate amay clements. Each array elemeat
is amplified ffom bacterial cells containing vectors with cloned cDNA inserts. PCR amplification

uses primers complementary te the vector sequences flanking the cDNA insert. Amay elements are

6%
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amplified in thirty cycles of PCR from an initial quantity nf [-2 ng t 3 final quamity greater than 5
pe. Amplified array clements are then purifizd using SEPHACRYL-400 (Asmersham Phannacia
Biotech).

Puritied armay elements are immabilized on polymer-coated glass slides. Glass microscope
slides (Corning) are cleaned by ultrasound in 0.1% SDS and acetonc, with extensive distilled water

washes between anif afler treatments. Glass slides are etched in 4% hydeoflueric acid {VWR

Scientific Products Carpocation (VWR), West Chester PA), washed extensively in distilled water,
and coated with D.05% armnopropyl silane {Sigima) in 95% cthanol. Ceated slides ars cared in a
1HOCaoven,

Aray elements are applied to the costed glass snbstrme using a procedura described in US
Patent No. 5,%07.522 | incorporated herein by reference. 1yl of the array element DNA, at an average
concentraton of 100 ng/pl. is loaded into the open capillary printing clement by a high-speed robotic
apparatus. The apparatus then depesits about 5 ni of array element sumple per slide,

Microarrays are UV-crosslinked using o STRATALINKFR UV -crossiinker (Straragene).
Microarrays are washed at room temperature once in 0.2% SIS und (hree limes in distilled water.
Non-speeific binding sites are blocked by incubation of microamays in (.2% casein in phosphate
buffered saline (PBS} {Tropix. Inc., Bedford MaA) for 30 minutes at 60°C foliowed by washes in
0,25t SD3 and distilled water as before.

bri

fion

Hybridization reactions contain % pl of sample mixture consisting of 0.2 pg each of Cy3 and
Cy3 labeled cDMA synthesiz products ip 5X SSC, (L2% SDS hybridization buffer. The sample
ruixture is heated 1o 65°C for § minutes and ix aliquoled onte the microarray surface and coverod
with an 1.8 em?® coverslip. The arrays are transterred to a waterproof chumber havimg a cavity just
slightly Jaracr than a microseope slide. The chamber is kept at 104% humidity ioternzliy by the
addition of 140 pl of $X $SC in a comer of the chamber. The chamber containing the arrays is
jncubated for about 6.5 hours at 60" C. The arrays are washed for 10 men at 45°C in a firs1 wash
buffer {1 X 88C, 015 5DS). three times for 10 minutes each at 45°C in a second wash buffer (01X
S80), and dried.
Detection

Reporter-labeled hybridization complexes are detected with a microscops equipped with an
Tnnova 70 mixed gas 10 W laser (Coherent, Inc., Santa Clara CA1 capable of gencrating specrral Jines
ar 488 nm for excitation of Cy3 and a1 632 nm for excitation of Cy3. The excutation laser hght g
focused on the array using a 20X mictoscope objective (Nikon, Inc.. Melville N¥). The shide
contuaining the array is placed on u computer-coniroiled X-¥ stage on the microscope and raster-

seanned past the abjective, The |8 em x L8 o army used in the present example is scunned with a

e
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resolution of 20 mictometers.

in two separate scans, a mixed gas multiline Jaser excites the two fluorophores sequentially.
Emitled light is spht. based on wavelength, into two photomulliphier tube detectors (PMT R1477,
Hamammsu Photonics Systems. Bridgewater NI} correspanding to the twa fluorophores. Appropriate
filiers posittoned between the array and the photomultiplier wubes are used to filter the signals. The
ermission maxima of the fluorophores used are 565 nm for Cy3 and 630 nm for Cy3. Each amay is
typically scznned twice. one scan per flnorophore using the appropriate fihers au the laser source,
although the apparatus is capubl: of recording the speetsa from beth fluerapheres simultancousty.

The sensitivity of the scans is typically calibrated using the signal intensity gencrated by a
¢BINA control specics added to the sumple mixture st & known concentration. A specific location on
the arcay contains a complementary DNA sequence, aliowing the imensity of the signal ar that
focation to be comrelated with & weight rutio of hybridizing species of L10G,000. When two samples
from different sources {e.g.. reprosenting lest and contrel eells). cach fabeled with a different
fiuarophore, are hybridized w a single array for the purpose of identifying genes that are
<differentially expressed, the calibiation is done by labeling samples of the calibrating cDNA with the.
two Frecrophores and adding identical smounis of cach to the hybridization mixtwre.

The output of the photomuliiplier tmbe is digitizsd usig 2 12-bit RTI-E35H analog-to-digital
(A1 conversion board (Analog Devices, [ne., Norwooed MA) mslalled m un IBM-compatible PC
eomputer. The digitized data are displayed as an image where the signzl inteasily 15 mapped using 4
linear 20-color transformation t & psendocolor scale ranging from bloe tlow signal) te red thigh
sigral}. The data is also analysed quantitatively. Where two different fluorophores are excited a2nd
reasured simultanecnsly, the dala are first corrected for oprical crosstalk (due 1o overlapping
emissior spectra) benween the Muorophores using cach fluerephore’ s cission speetram,

A grid is superimposed over the fluorescenee signal image such that the signal from cach
spoi is centered in each element of the grid. The flucrescence signal within each element is then
integruted (o obiain a nunerical valug corresponding to the averuge intensity of the sigaal. The
software used for signal analysts is the GEMTOOLS gene expression analysis progeam (Incyre).

XL Cuermplementary Polynucleotides

Sequences complementary te the HPDE-encoding sequences, ar any parts thereal, are used to
deteet, decrease, o inhibit expression of natwrally accurring HPDE. Although use of
oligonucleotides comprising fron about 13 to 30 buse pairs 1 described, essentiaily the sank:
procedure is used with smaller or with larger sequence frapments. Appropriate oligonucleotides are
designed using CLIGO 4.06 soltware (Mational Biosciences) and the coding sequence of HFDE. To
inkibir transcription, a complementary oligonuclesiide is designed fron the most unique 5 sequence

and used to prevent promater binding to the coding sequentce. To inkibit translation, a

b
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complementary oligonucleotide is designed 1o preveat ribosomil binding o the HPDE-encoding
transcripl.
XIL  Expression of HPDE

Expression and purification of HPDE s achieved using bacterial or vinzs-based expression
systems. For expression ef HPDE in bactena, cDNA is subeloned into an appropriate vector
contaming an antibiotic rexstance gene and an inducible promoter chat directs high levels of cDNA
transeription. Examples of such promoters include, but are not Timited to, the trp-fac (fac) hybrid
pramoter and the T3 or T7 bacteriophage proinater in conjunciion with the Jac nperator reguiatery
element. Recombinant vectors are transformed into suitable bacterial hosts, e.g.. BL21{DKE3).
Antibiotic rasistant bacteria express HPDE upon induction with isopropyl beta-D-
thiogatactopyranoside {IPTG). Expression of HPDE in eukaryotic cells is achizved by infecting

insect or mammalian celi fines with recembinanr Aut

ica cadifornici nuclesr polyhedrosis virus
(AcMNPV), commonly known as baculovinus. The nonessential polyhedrin gene of bacolovirus is
reptaced with tDDNA encoding HPDE by either homolegons recombination or bacterial-inediated
transposition nvolving transfer plasmid intermediates. Viral infectivity is maintained and the strong
polyhedrin prownoter drives high tevels of cDNA transeription. Recombinant baculovinus is used o

infect Spodoptera Frugiperda (5£9) insect cells in most

s, or human hepatocytes, in seme cases,
Infection of the Jalter requites additiona) genelie madifications to baculovirus. {See Engelhard, E X
el al. (1994} Proc. Natl, Acad. Sci. USA 01:3224-3227; Sandig. V. et al, (1996} Hur. Gene Ther,
7:1937-1945)

In most expression systems, BPDE is synihesived as a fusion protein with, e.g., ghutathione §-
transterase (GST) or a peptide epitope 1ag, such as FLAG or 6-His, perniitting rapid. single-siep.
affinity-based purification of recorakinant fusion proicin from crude cell Iysates. GST, a 26-

kilodalten cnzyme from Schistosoma japonjcwn. enzbies the purifica

ton of [usion proeins on
immebilized ghotathione under conditions that maimzin protein activity and antigenicity (Amersham
Pharmaciz Biotechy. Following purification, the G5T muety van be proteciytically clezved from
HPDE at specifically engineered sites. FLAG, an §-amine acid peptide, enables immunoaifinity
parification using commereially available moneclonal and polyelonal anti-FLAG antibodics (Eastman
Kodak). &-His, a stretch of six conscentive histidine residues. cnables purification an metat-chelate
resins (QLAGEN). Methods for protein exprassion and purification are discussed tn Ausubel {1995,
supra. ch. (@ and 16). Purificd HPDE obtained by these methods can be used directly in the assays
shown in Examples X V1, XVII, and XTI, where applicable.
XIII.  Functional Assays

HPDE function is assessed by expressing the sequences encading HPDHE at physiologically

elevated levels in mammalizn cell cullure systems. ¢DNA is subeloned e a marmnalian expression

72
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VeClor containing a strong promoter that drives high levels of cDNA expression. Vectors of choice
include PCMY SPORT ({Life Technologies} and PCR3.1 (Tavitrogen, Caclsbad CA), both of which
contzin the cytomegatovims promoter. 3-30 ug of recombinant vectar are transiently transfected anto
a human cetl ling, for example, an endothclial or bematopoictic cell fine. nsing cither liposome
formularions or clectroporation. 1-2 ug of an additional plasmid containing sequences encoding a
marker protein are co-transfected. Expression of a marker protein provides a means to distinguish
transfected ceils from nontransiecied cells and is s reliable predicior of cDNA expression front the
recombinunt veetor. Matker proteins of choice include. e.g., Green Fluorescent Protein (GFP;
Clontech), CD84, vr a CD64-GFP fusion protein. Flow cytometry (FCM}, an automated. faser optics-
based technigue, is used to identify transfected cells expressing GIFP or CD64-GFP and to evaluate
the apoptotic state of the cells and other cellalar properties. FCM detects and quantifies the uprake of
fluorescent melecules that diagnose events preceding or coincident with cell death. These events
melude changes in nuclear BNA conlent as ineasured by staining of DNA with propidium iodide:
changes in cell size and granularity as measured by forward light scatier and 50 desree side light
scatter. dowm-regulation of DNA synthesis as measured by decrease in bromodeoxyuridine vptake;

alierations in expression of cell surface and proleins as measured by reactivity with

specific antibodies, and alterations in plasma membrane composition as measured by the binding of
Muorescein-conjugated Amiexin V protein o the cell surface. Metheds in flow cytometry are
disenssed in Ormerod, WMLG. (1994} Flow Cytometry, Oxford, New York WY,

The influence of HPDE on gene expression can be assessed using highly purified populations.
of cells transfected with seyuences encoding HPDE and either CDG4 or CDE4-GFF. CD64 and
{Do4-GFP arc expressed on the surfuce of transfected cells and bind to conserved regions of human
immunoglobulin G (IgG). Transfected ceils are efficiently separated from nontransfecied cells using
magnetic beads coated with either uman [g€G or amibady against CL6 (DY NAL. Luke Suceess
NY). mRNA ¢:m be purified from the cells asing metheds well knows by those af skill in the art.
Expresston of mRNA encoding HPDE and other genes of interest can be analyzed by rorthem
analysis o1 mucroarray lechniques.

XIV. Production of HPDE Specific Antibodies

HPDE substantially purified using polyacrylamide gel elecicopharests (PAGE; we. e,
Harringtor, M.G. {19%0) Methods Enzymal. 182:435-493), ar ather purification technigues, is used @
imrmunize rabbits and 10 produece antibodies using standard protocols,

Altematively, the HPDE amine acid sequence is analyzed using LASERGENE software

(DNASTARY) to determine regions of high ivity, and a vor ling vligopeptide is
synthesized and vsed 1o ruise antibodies by means known to those of skill in the art. Methods for

seloction of appropriate epitopes, such as those near the C-terminus or in hydrophilic regions are well

73
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described in the art. (See, e.5. Ausubel, 1995, supra, ch. L1.}

Typically, cligopeptides of about 15 residues in length are synthesized using an ABI 431A
peptide synithesizer (Applied Binsystems) using FMOC ehemistry and coupled to KLH {Sigma-
Aldrich, 8. Lonis MO by reaciion with N-malei midebenzoyi-N-bvdroxysuccinimide ester (MBS) 10
increase immunogenicity. {See, ¢.g., Ausubel. 1995, supra.y Rabbits arc immurized with the
oligopeplide-KLH complex in comploie Freund's adjuvant. Resulting antisera are tested for
antipeptide and anti-HPDE activity by, for example, binding the peptide or HPDE w a subsirate,
blocking with % BSA. reacting with rabbit antisera, washing, and rescling with radio-iodinated goat
anti-rabbit IgG.

XV. Purification of Naturally Occurring HPDE Using Specific Antibodies

Natusally occurring of recombinant HPDE is sat ially purified by i ffinity
chromatography using antibedies specific tor HPDE. An immuneaffinity column is constructed hy
covalentty conpling anti-HPDY antibody to an activated chromatographic resin, such as
CNBr-activated SEFHAROSE {Amersham Phannacia Bintech). After the conpling, the resin is
blocked and washed according to Lhe manufacturer’s instructions.

Media contaiming HPDE are passed over the immunaaffinity cofumn, and the coluran s
washed under condiiions that allow the preferential absarbance of HPDE {e.z.. high ionic strengih
buffers in the presence of detergent). The column is eluted under conditions that disrupt
anuihedy/HPDE binding (e.g.. 2 buffer of pH 2 to pH 3, or a high concentration of a chaotrope, such
as urea or thiocyanate ion). and HPDE #s collected.

XVI. Identification of Molecules Which Interact with HPDE

HPDE, or biologically active fragments thereof, are labeled with 7' Bollon-Hunter reagent.
(See. e... Boltan AE. and W.M. Hunter (1973) Biochem. J. 133:529-539.) Cundidate molecules
previously arrayed in the wells of a multi-well plate are incnbated with the tabeled HPDE. washed.
and any wells wilh Jabeled HPDE complex are assayed. Data obtained using different coneentrations
of HPDE are used o caleulate vatues for the number, affinity, and association of YIPDE with the
candidate malecules.

Alternatively, malecules interacting with HPDE are imalyzed using the yeast twir-hybrid
system as described in Fields, 8. and Q. Song {19893 Namre 340:243-246, or using commereially
available kits based on-the two-hybrid systemn, such as the MATCHMAKER system (Clontech).

HFDE may also be used in the PATHCALLING process (CuraGen Corp., New Haven CT)
which employs the veast rwo-hybrid system in a high-thronghput manner e deiermine all interactions
Detween the proteins enceded by two large libraries of genes (Nandabalan, K. e al {2000y US.
Patent No. 6,057,101).

XVIL. Demeonstrafion of HPDE Activity

T4
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1o peneral, PDE activity of HPDE is measured by monitoring the convession of a cyclic
muclectide {either cAMP or ¢cGMP] to its nucleotide mopephosphale. The use of Intmm-contamning
substrates such as *H-cAMP and *H-cGMP, and 5’ mucleotidase from snake venom, atlows the PDE
reaction te be followed using a seintillation cownter.

cAMP-specific PDE activity of HPDE is assayed by measuring the conversion of *H-cAMP
to *H-adenasine in the presence of HPDE and 5° pucleotidase. A one-siep assay is run nsing a 10t
reaction contaiwing 50 mM Tris-HCI pH 7.5, 10 mM MgCl,, 0.1 unit 5" nucieotidase (from Crotalus
atyon venorm), (RO062-0.1 pv P LE-cAMP, and vartous concearations of cAMP (0.0062-3 mM). The
reaction is started by the addition of 25 pl of diluted enzyime supematant. Reactions are run directly
in mini Poly-C} scintillation vials (Beckman Instruments, Fullenon CA). Assays are incubated at
37°( (or @ time period that would give less than 13% cAMP hydralysis 10 avoid non-lincary
associated with praduct inhibition. The teaction is stopped by the additien of 1 ml of Dowex (Dow
Chemical, Mzdland MDY AGEx8 (Tl form) resin (13 slurry). Three ml of seintillation fuid are added,
and the vials are mixed. The rexin in the vials is aflowed to settle for one hour before counting.
Soluble radivactivity associated with “H-adenosine is quanritated using a beta scintillation counter.
The amount of radivactivity recovered is propontienal to the cAMP-specific PDE zctivity of HPDE in
the reaction. For inhibiter or agenist studies, reactions are carried pul under the conditions dascribed
abave, with e addition of 1% TIMS0. 50 nlv cAMP, and various conceniralions of the inhibitor or
agonist. Control reactions are carrted out with all reagents except for the enzyme aliquor.

cGMP-specific PDT: activity of HPDE is assayed by measuring the conversion uf ‘H-cGMP
16 "H-planosine in the presence of BPDE and 5' pucleatidase. A une-slep assay is roo using a 300l
teaction contatning S0 m Tris-HCI pH 7.5, 10 mM MzCl,, 0.1 vmit 57 nucleotidase (from Crotalus
atrox venom), umd 1.0064-2,0 WM *H<GMP. The reaction iz started by the addition of 25 ul of
diluted enzyme supersatani. Reactjons are un directly in mini Poly-Q scintillation vials (Beckman
Instruments). Assiys are incubated at 37 C for a tine peried that would yicid less than [5'% cGMP
hydrolysis in arder to aveid non-linearity ssociuted with product inhibition. The reaction is stopped
by the addition of | ml of Dowex (Dow Chemical, Midiund M1) AG1x8 (Cl torm) resin (1:3 slurey).
Three mi of scintiliation fluid are added, and the vials are mixed. The resin in the vials is 2llowed ro
settle for anc hour beforc connting. Soluble radicuctivily sssociated with *H-guanosine is guantitated
using a beta sciutillation counter. The amount of radioactivity recovered is prapertional o the
eGMP-specific PDE activity of HPDE in the reactior. For inhibitor or agonist studies, reacnians are
cartied out under the conditians described above, with the additien of 15 DMSO, 30 nM ¢GMP. and
various concentratons of the inhibrtar or agonist. Comirol reactions are carried out with all reagents
except for the enzyme aliguot.

Glyeerophosphoryl diester phosphodiesierase activity of HPDE is incasured by a coupled

s
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speetrophotometric assay wtilizing sn-glycerol-3-phosphate dehydrogenase and NAD (Larsen, T.). et
2l. (1283} J. Biol. Chem. 248:5428-5432; Camergn, C.E. et al. {1998) Inlect. Tmmun, 66:5763-5770).
HPDE is assayed at 25°C in 2 0.5 ml assay mixtore cortaining (0.45 ml of 1 M hydrazine-giycine (pll
.0y busfer, 0.5 M NAD, 16 mM CaCl,. 20 units of plyeerol-3-phosphate dehydrogenase (Sigma, St.
Lonis M), and 0.5 mM glycecophosphorylcholine, Phosphodiesterase activity is wonitored
spectrophotemetrically at 340 nm using a molar absorbanee cocfficient of 6300 M en”’ for NADH.
Glycerophosphary! diester phosphudiesterase activity is proporiional to the reduction of NAD.
XVIIL [dentification of Phosphodiesterase Inhibitors and Agonists

In general, iphibitors and agonists of PDE activity of HPDE can be obtained by screening
compounds using the PDE activity zssays described in Example XVII Enzyme assays are caried out
in beth the presence and absence of @ candidate compound, and an inhibitor compound is identified
when inhibition of PDE activity of BPDE is observed. Alternatively, an agonist compound is
identified when increased PDE activity of HPDE s observed.

A high-throughput screen lor inhibitars of cAMP-specific PDE aclivity of BPDE uses
micretiter plate-based scintillation proximity assay (Bardelle, C. et al. (1999) Anal. Biochem.
275:148-155). Punfied enzyme is diluted in ussay buffer contuning 25 mM Hepes-NaOH, 1 mM
MgCl. 0.1 mM FGTA, and 01.1% BSA, pH 7.45, at 20°C. A 1% (wév) suspension of yitnum siticate
beads in 18 mM Zn50, is prepared, and dispensed into a micratiter plate in 25 pl aliquots. A reaciion
is initiated by mixtng 50 pl of the diluted enzyme salution with 50 ui of the assay buffer containing 2
uM cAMP and 1.8 uCi {4 x LOF dpm) Hl-cAMP/ml. Afier 15 minutes, u reaction is quenghed by
heating to 95°C for 2 minutes and then cooled, and 50 W of this quenched solution is added w a pre-
plaied aliquot of the yttnum sibeare heads, Altematively. the reaction 15 not quenched. and 3¢ pl of
the teactivn mixtere is added dircetly to the pre-plated beads. The beads are allowed 10 settle. the
microtiter plate is sealed, and the reaction mixturcs are measured using a scintiflation counrer,

Candidawe inhibiter compounds are added 10 individual reaction mixtures te screen for
intibition of PDE activity. Candidate inhibitor molecvles may be selected from known PDE
inhibitors, modified PDE inhibitars. peptide libraries, chemical libraries, and combinutorial chemical
Iibraries. Inhibitors of cGMP-specific PDE activity of HPDE can be identified by using the above
high-throaghput screen with guanosine substrates insicad of adenosine subsiratcs, Agoenists of PDE
uctivity of HPDE can be identified by usmg the sbove high<throughput screen and monitoring for
increased PDE activity instsad of decreased PDE activity, Condidate agomst molecules may be
selected from kaown PDE agonisis, modifted PDE agonists, peptide libraries, chemical librarics, and

combinaterial chemical Libranes.

Various modifications and variations of the deseribed methods and systems of the imvention

n
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will be apparent o those skilled in the art without departing from the scope and spirit of the ipvention.
Although the invention has been described (n connection with certein embodiments, it should be
understood that the mvention as ciaimed should not be nnduly limited 16 such specific embodiments.
Indeed, various modifcations of the described modes for carrying out the invention which arc
cbvious 1o those skilled in molecular bielogy or related ficlds arc intended to be within the scope of

the following claims.
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What is claimed is:

1. Anisolated polypeptide comprising an aming acid sequence selected from the group

consisting of:

(165)

PCT/USDL/02649

) an #mino acid sequence selecied from the group consisting of SEQ 1D NG:1-3,

b) a naturally occurring amino acid sequence having at least 90% sequence identity to an

amine acid sequence selected from the group consisting of SEQ 1D NCO:1-3,

¢} o biclogically active fragment of an amine acid sequence selected from the group

consigting of SEQ 1D NO:1-3, and

d) an immunogenic fragment of an amine acid sequence selected from the group consisting

of SEQ ID Nk -3,

3. Aniselaicd polynucieotide encading a palypeptide of claim .

4. An isclated polynucleotide encoding a polypeptide of claim 2.

5. An isolated polynucleotide of claim 4 selected from the group consisting of SEQ 30

NO:4-6.

6. A tecombinant polynucleotide comprising a promater sequence eperably linked 10 a

polynucleotide of ckm 3.

7. A call tramsforrned with a recombinant polynucleotide of claim 6.

2. Anisolated poiypeplide of claim 1 selected from the group consisting of SEQ D NO:1-3.

& A trapsgenic organism corprising a recombinant polyaucleotide of claim 6.

9. A methed for producing & polypeptide ol ckaim 1, the method comprising:

2) cutming a cell under conditions suitable for expression of the polypeptide. wherein said

cell is transformed with a reeombinant pelynucleetide, and said recombinant polynucleotide

comprises a promoter sequence operably linked to a polynuclestide encoding the polypeptide of

claim 1, and

b) tecovering the polypeptide so expressed.

36
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10. An isolated antibady which specilically binds toa polypeptide of claim 1.

11. Anisolated polynucleotide comprising a polynuclecride sequence sefzcted from the
group consisting of:

a) a polynucleatide sequence selected from the gronp consisting of SE4) (13 N(k4-6,

bt & nawwrally oscurring polynucleotide sequence having at least 908 sequence identily to a
polyaucleotide sequence selected from the group consisting of SEQ 113 NO:4-6,

¢} a palynuclcotide sequence complementary 1o a),

A} u pulynueleotide sequence complementary to b), and

e} an RNA equivalent of a)-d).

{2, Aniselated polynncleatide comprising at least 6} contiguous nucleotides of a

polynucteotide of claim 11,

13. A methad for detecting o target pelynuclectide in a sample. said arget polynuclestide
having a sequence of a polynucieotide of clsim 11, the method comprising:

a) hybridizing the sample with & probe compristng at least 20 contiguous nucleotides
comprising a sequence complementary to said target poiynucleatide in the sample, angd which probe
specificatly hybridizes Lo said target polynucleotide. under cenditions whereby a hybridization
complex is fonmed hetween said probe and said target polynuclectide or fragments thereod, and

B detecting the presenee or absence of seid hybridization complex, and. optionaily, if

present, the amount tiereof,

i4. A method of claim 13, wherein the probe comprises at least 60 contiguous nucleotides.

{5. A method for detecting a target pulynucleotide in & sample, said rarget polynucicatide
having a sequence of a polynucleotide of <laim 11, the incihed comprising:

a) amplifying seid target pulynucleotide or fragment thereof nsing polymerase chain reaction
amplification, and

b) detecting the pressnce of absence of suid amplified target polynucleeride or fragment

thereof, and, optionally. if present, the amount thereof,

16. A composition comprising, an effective amount of & polypeptide of claun |and a

pharmaceotically acceptable excipient,

87
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7. A composition of claim 16, wherein the palypeptide comprises an amino acid sequence

selected from the group consistmg of SR ID NO:1-3.

18, A methad for treating a discase or cendition 2sseciated with decreased expression of
funcrional HPDE, comprising administering te 2 patient in need of such treatment the composition of

claim I6.

1%, A method for screening & compound for effectivencss as an agonist of a palypeptide of
claim 1, the method comprising:
a) exposing a sample compnsing a polypeptide of claim 110 a componnd. and

k) detecting agonist activity in the sample

20, A compasiticn comprising an agonist compound identified by a method of claim 19 und

a phanmacentically acceptable excipiant.

2T A method for treating a disease or condition asvociated with decreased expression of
functional HPDE. comprising admimslenng lo & patienl in need of such tresmient a composition of

claim 20,

22. A method for screcming a compound for offectrveness as an antaganist of a pulypeptide
of elaim 1. the method comprising.
2} exposing 2 sample comprising a polypeptide of claim 1 to a compound, and

b} detecting antagonist activity in the sample.

2%, A compaosition comprising an antaganist cempound identified by a method of claim 22

and i phunnaccutically aceepisble excip

24, A method for treating a disease or condition associated with overexpression of functional

HEDE, comprising administering 10 a patiem in need of such trestment 3 composition of claim 23,

25. A methed of sereening for a compound that specifically binds to the polypeptide of claim
1, said method comprising the steps of:

a) combining the polypepnde of claim 1 with ar least ome test compound uader suilable
canditions, and

h) detecting binding of the polypeptide of elatm | w the wst compound, thereby identilying «

b
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n

campound that specificaly binds ta the polypeptide of claim 1

26. A method of screening for a compeund that modulates the activity of the polypeptide of
claim 1. said method composing:

i} combining the polypeptidle of cluim T with at least one test compound under conditions
permissive for the activity of the polypeptide of claim |,

b) assessing the activity of the poiypeptide of claim L in the presence of the test compound,
and

©) comparing the activity of the polypeptide of clwim [ in the presence of the tesr compound
with the acrivity of the polypeptide of claim 1 in the absence of the 1est compound. wherein a change
in the activity of the polypeptide of ¢laim | in the presence of the test compound 15 indicative ol a

compound that modulates the activity of the palypeptide of claim L.

7. A method for sereening a compuund for elfecliveness in altering expression of a targat
polynuclectide, wheremn said target polynuclectide comprises 2 sequence of claim 3, the wethod
comprising:

a) exposing a sample comprising the target polynucleotide to a compound, under conditions
suitable for the expression of the targel polynucleotide,

b} delecting altered expression of the targel pelynucleotide, and

¢} camparing the expression of the target polynuclectide in the presence of varying amounts

of the compound and in the absence of the compound.

285. A method for assessing toxicily of a t2st compound, said methed comprising:

a} wreating a biolagical sample contatning nucleic acids with the ws1 compound:

b} hybridizing the nucleie acids of the trealed biologieal sample with a probe comprising at
Jeast 20 contiguons nuclentides of a polymicleotide of cluim 1§ under condinons wherechy a specific
hybridization complex is formed between said probe and a target polynaecleolide in the binlogreal
sample, siid targen polynuclectide comprising a palynuckcotide scquence of a polynoclectide of clam
11 or fragmen theveol’

€} quantifying the amount of hybridization complex: and

d} comparing the amount of hybridization complex in the reated hiclogical sample with the
amount of hybridization complex in an untreated biological sample, wherein a dilference in the
smount of hybridization complex in 1he treated hielogical sample is indicative of toxicity of the test

compound.

39
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<120=

<130

<140>
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INCYTE GENGMICS,

BAUGHX, Marxriah R.
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YUE

THNG,

NGUYEN, Sanviel B,

<160> &

=170

<210> 1
=211
<212»
213>

22

«23>
223>

<46i> 1

Het
1

L

Asn
His
lle
Lys

Het

Thr

Fro

Lys

oy

hla

Thr
val
Leu
Lew
Asp
Lew

Th=

1 ASD L

477
DPRT
homo saplens

Ser

Ser

val

Thr

Met |

kis
Ala
Gly
Gly
Lys
TFp

Gln

T Vald

Y. Tom

Lys
Thr
Scr
Pro
Lew
h=p

MHel

T
Pro
Lys

E
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PEFL Frograr.

mise_feakure
Incyre 1D Wo:

Che
5
Thr

Dyung ALRa F.
Fenry

FIIOSPHUDIESTERASES

To Be Assigned
Borewivh

647.85CD1

Tle
Fhe
hsp
rhe
Asn
Thr

Phe:

1 1le 1

“hr

Leu
Ser
Cly
His
Val
Gly

hsp

Asn

Thr

Glu

s TEp

Pru

. Asn

Glu

Thr

Leu
FPhe

™vr

Leun

Tra

- Rsp

Gin

Rap

Asn

rrp

Glu

Leu

Enr

Gin

Aryg
val
Glu
Fhe
Asp
Het
Ile
Ile
Leu

1l

Pho

Glu =

Gla

Leu

Ser

- Lys

Asp

Vel

bla
Gln
Len

Gly

His
Ser
cle
Thr
Tys
Phre
Glu
Met

Lle

Ala
Lys

i

Val &

vra
Gly

Pria

& Lya
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Ala Ile
leu Thr
val Pro
Ile lle
Ser Asp

Ela Asp

Ser Phe

val val
Lys Pro
Gly val
Phe Ile

et Bis

«210= 2

Lau
His

Glu

Ala
Ser

Lys

<211 486
«212> ERT
=213> Homo saplens

<220

Bxo
Ala
arg
Wal

Phe

Lye
273
His
2980
Try
303
nla
320
Lenit
333

; Pro I

asc
Lys
365
Leu
ase
Val
395

r Thr

a1
Ty

Pro

His

Asnr

Let

Tyr
Clu
Gly

ne
Ala
hen
Asp
Ser

Gln

Lys

> Len T

Tey

Thr

Glu

Fhe

Len
ile

Cly

Glu
Ty

Ser

Val
Tys
Arg

Leu

Azn
Ala
Leu
His
Mer

Gly

Tyr

T Gin

s Glu

Gln ©

Asn

Ela

Pro

Sar

Fhe

440
Leu
453

s Zle

a7

«221> misc_i{eacure
<223 Incyre ID No:

<400= 2
Met Val

Leu Gex
cln Arg
His va?
Ala Gly
Tle Leu
Fro Leu

Gly Pro

Val Pro

Arg
Tys
Sex
Gly

cln

Cys *

Ly=
Glu
Tyx
Tne

Glu

His

Lew

“lu

His

Gln

Ser

Bro

286210CD1

Ser

Lew

Leu

Glr

EFro

L

Gln

e Tyr

Thr

Va.

Glu

val

Thr T

Leu

Gln I

Len

Tvr
Gly
Ero

Thr

Axg T

Val

Leu 2

160
Rrg
175

R

Iro

Gl

Glu
2oy
Thr
Ll
ser
Ala
Glu
Gly

Lys

- Ile

Pro
Trp
Ala
Ser
ser
Leu
Lys
Alg

Rla

Gin
Lys
Pro

Trp

T‘yl‘
Lys
Fro

Lou

Thr

Ala

1 Glo

lle
wval
Leu
R&D

et

Asp
Thr

Ser

(170)
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ala
285
Asp

Cys
15
Tyr

Len
45
Vaz
44
Thr
73
Ala
90

165
Leu
126
Gln
135
Gly
150
Asn
165
Het
b3:14
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Len Asn T-p Thr Thr Leu Gla Arg Lew Asn Ala Gly Glrn Trp Phe
185 150 185
Leu Lys Thr Asp Pro Phe Trp Thr Ala Ser Ser Leu Ser Pro Sex
200 205 219
Aep His Arg Glu Ala Gin Asn Gln Ser Ile Cys Ser Leu 3la Glu
215 220 225
Len Leu Clu Lew Als Lys Gly Asn Ala Thr Le: Lew Leu Asn Leu
230 235 250
Arg &sp Pro Pro Arg Glu His Pro Tyr &rg Sér Ser FPhe Iie asn
245 250 235
Val Thr Leu Gy Ala Val Leow His Ser Gly Phe Pro Glo His Gin
260 265 270
val Met Trp Leu Pro Ser Arg Gln Arg Pra Leu Val Arg Lys Val
278 280 285
Ala Tro Gly Pne Gln Gin Thr Ser Gly Ser Lys Clu Ala Val Ala
290 2595 300
Ser Leu Aru Arg Gly His Ile Gln Arg Lew Asn Leu Arg Tyr Thr
305 312 313
Gln val Sar Arg Gln Glu Teu Arg Asp Tyr Ala Ser Trp Asn leu
320 3125 330
Ser Val Asn Leuw Tyr Thr Val Asn Ala Pro Trp Lou Phe Ser Leu
335 240 345
Leu Trp Cys Ala Gly Val rro Ser Val Thy Ser Asp hon Ser His
350 355 360
Thr Lea Ser Gln Val Trp —le Met Pro Pro ASp
363 3o 378
Glun Tyr Cys Leu Met Trp Val Thr Ala Asp Len Val Ser Phe Tor
330 388 390
Leu Ilc Vel 31y IZle Phe Val Leu Cln Lys Trop Arg Leu Cly Gly
395 400 405
Ile Arg Ser Tyr Asn Pro Glu Gla Ile Met Leu Ser Ala Ala Val
410 415 420
Arg Arg Thr Scxr Arg asp Val Scr Lle Mel Lys Glu Lys Leu Ile
425 430 435
Phe Ser Clu Ile Ser Asp Gly val Glu val Ser asp val Leu Ser
440 445 a50¢
Val Cys Ser Asp Asn Sexr Tyr &sp Thr Tyr Ala Agn Ser Thr Ala
455 450 465
Thr Pro Val Gly Pra Arg Gly Gly Gly Ser His Thr Lys Thr Leu
470 475 4EB0
Ile Glu Arg Ser Gly Avg
485
<310= 3
«21i» 318
«Z12» FRT

<213> Homo sapiens

~220
«222> misc_feature
<223» Incyte 1D Mo: 1700230CDL

<400 3
Mel Ser bLen Len Leu Tyr Tyr &la Lev Pro Ser Leuy Gly Ser Tyr
1 5 12 25
ala Ket Lew Ser Ile Phe Phe Leu Arg Arg Pro Ris Leu Leu His
20 z5 20
Thr Pro Arg Ala Pro Thr rYhe Arg Ile Arg Leu Gly Ala His Arg
35 49 45
Gly Gly Ser Gly Glu Leu Leu Glu Asn Thr ¥or Glu Ala Met Glu
5S¢ 53 (1
Asn Ser Met Ala Gln arg Ser asp Leu Leu Glue Len aAsp Cys Gln
65 T )

e
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Leu Thr Arg
Cys Ary Gin
Glu Asp Leu
Pro Gly His
Clu Asp Leu
Ile Lys Gly
Val Arg Arg
Lys Ser Ser
Pro Leu Ecr
Tyr Tyr e

Bhc Phe Cys

Trp Leu Iie
Gly val Gin
Glu Ala Ala
Pro Thr Ala

Arg Thr Ser

210> 4

=211> 2530
<212» DNA
<212= Homo

<220
<2217 misc.
<223> Incyt

<400 4

gtgctecget
gtoaccotee
cghrgetoca
JaLCAAYTET
tgagtettre
bttgatagatt
tgaaatatgy
acrattatac
tgtttgatce
agttttggga
grocagecat
kgoottacaa
cgteasaada
accatiTggy
taggatatct
tcacaagtga
acctggataa
sagaaggLaa

Asn Arg Vi

1 Vat Val Val

Ler Gly lLeu Asn Arg Ase

Pro Leu Tyr Lye GIu Lys

The Ala His Gly Ser asp

Phe Gln Arg Fhe Pro Arg

Lys Asn Glu Glu Leu Lle

155

Tyr Asp Arg Asn Glu Ile

110

val Met Lys Lys Cys Lys

185

Phe Thr Lle Ser Arg Cly

200

@iy Leu Leu Pro Phe Ile

215

Fhe Leu Pro Asn lle Ile

230

Bar Cyvs Louw Asa Glo Leu

245

Met Arg Lys Ser Leu Ile

260

val val phe Trp Cys Lec

27%

Phe Ser Val Gly Ala Thr

290

Leu Arg His Tyr Leu Asp

305

sapiens

Zeature
2 ID bo:

cragagttga
cgoogtLace
aacraaracy
tETgaaaaty
aaccacctil
ccgntgggat
LgLLeacyry
Ltigglaalt
taticggaac
agasgogaca
gLggecrgga
tgagtcaget
guccataaat
ACOLYATAYT
catacaaatg
toatggaarg
agaccactakb
attigatgaa

G47ER9CEL

Ser

35
Val
L0
Leu
11
Arg
130
Thr
145
Aryg
164
Thr
175
Rla
190
2314
205
Pro
2z0
Asn
235
Leu
250

Ty b

285
Asn
280
Giy
295

Asnof

a1

His
Gly

Clu

Ala
Trp
Tle
Arg

Al

gugeaggkga gotockgoge
CHCYYCIOgE Cogagggagt
gactgascgy avegotgcga
acttcgaaat tratcbbtogt
tototocaac cagaccagoa
cactiatata aagttccaac
apgeaagtia ctaabytitt
GUeCtolitly cagagaatea
amatctetct ccitggatca
coaatatyggs tcacaaacoa
acagatgbas esacacatas
toatttgaag atagagtnge

crtggronte to

tattggga

COYOLCALGY guCotgtal
CLO®AAAAT] CRAagLigLg
acgcagegct ctqaggaasg
acercgatig atncaakohoo
GLCLALOaag Caclaacivu

476

(172)

PCTAUSOL2649

2sp Glu Asn Leu

a0

Ser Leu Asp Phe

105

val Tyr fne Ser

120

Met Vai Arg Leu

135

Mes Sor Val Glu

150

Ile klas Gly Leu

165

Trp Rla Ser Glu

Asn Pro GU

180

U Met

185

Val Leu Leu Ser

210

Pro Glu Lys Phe

225

Thr Tyr The Pro

Vai Val Ser

240
Lys
285

Len Glu Glu Arg

Glu Ser Ag

u
™
=]
=
&

2790

D Phe

283
Tyr
300

tly Pro Ala hla

grtocgaggs
c:c:Lc:age
ggattatctt
gtecttoata
aaaggtcka
goacrattel
tabtacaaga
tgggatbgtlt
catgaatate
gaggoaagda
gegotthock
caaaatrbatt
agaccokbgak
Ltcagatatk
gaacactotg
gttaa:aqaa
agtagcageo
cochoabtocl

315

cgrniooToca
coctecstee
Acactgaact
chibgotgeac
ctagcetere
catratatta
acctagorta
gceaatgata
tatgatraca
CatactagLy
actcattaca
gqaartggtca
gacatgggon
gacaagaagt
aaccraacca
cttgaccagn
atcrtgecas
adccttacts

&0
iro
140
240
300
360
420
480
5440
£99
€E0
120
780
&40
RJels]
9ED
026
1080
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Litacasaas
CadLCATagY
tgttaggeas
arggrecege
cactactatqg
coccaggar
tectocchog
taggggtotc
taactcacaq
:acaagccza
groagty
aageagtbac
azatactrac
catagggata
caacbtbgoa
acttbaakttt
ACTLtLLgCE
taaraacecso
gataagbgtt
caacagoaga
tcatttacet
tctgbcata
tgaagacaca
BoCaggrans:
Lagcaattac

210> &

<21I1» 2447
<213> DNA
=213> Homo

<220

<221» misc_
«223»> Incyte 1D No:

<400 5

rggacaagac
tgggogecs
gacaccages
ACYYCLHCCy
cattcctgra
agtkbcgceog
tggkgttogo
AAGACCLCTY
agcacacqct
acattaccat
coaccaacgn
ggaccaccct
cagecagete
tggoagagos
cgcccaggga
actceggett
ggaaggrese
ggagaggcca
guoactacgs
teocretgen
cecagghgee
ctgoogacct
Egggrggeat
ceageggys
tagagoteto
gecacogooaa
ggagroggeg

AgaagacyLt
agrogotgat
ceacggtiac
crtoagaasg
ccacctecto
gotoaatooa
tagtgttaan
tctiggeoago
TCanataccr
at ccne
Aaaaggttboa
atatttaggt
acctycaaag
gataagacoe
ctatgtaaag
gaaatgcact
cocatgreac
gaaraatgaa
ganaattaaa
atgcaactgl
TLCcoctCaaa
aaattatcgr
Atgascacan
atoioagodn

saprens

fearure

acriocagga
catgggoeger
cetgragtac
Trggaagogs
tgtgagggct
cqcagagegg
ccraracceg
coccaagect
catgicckic
cagectggac
g9agaaggag
goagagache
cebgicacce
ccrggagery
gracecerac
coooragrar
teccggeten
catocadegy
groeciguasc
gtggsgrgcy
ttoecoeceo
ggtcrocktic
acggageLac
cgtcagcatc
cgatgTacoe
corngrggge
ttagotgaag

cragaaagyt
Qragggrgys
gataatgogt
AALCTCLCEA
aatatcaccg
goaatgocaa
cragoagaat
attatagiga
goottacaag
gaagtggatt
aatLolggya
akacacacas
gaataaagat
tgottianio
tacctiatgt
ttatgeoacaq
agaatactag
cgragzaanc
tgtgataace
gggcalkitel
agagssrcaa
gatttoctga
thocttbeota
tgttthbctcet

286216GCHL

gooCagoios
tgagggocag
racgageeas
Laccagogot
gtagoageag
acctoctees
gococoocca
goictcatty
cggadggoce
ggogegeccs
thoocggags
aacgotagoe
tocogaccaca
gccaaggycs
cgcagoagth
caggtrakgh
caacagscat
ctgaaccrge
ctyaytygtys
ggggrrooat
tggatcatge
accctoakog
zaccotgage
atgaaggaga
teocgratgtt
cooegagaay
acatgtctgt

ggoattacan
acatcriacsa
tagcagatat
azgaagocat
ccatgocaca
gggrggteco
FLgaccaaga
tigtatttic
atatgCatac
kgoatazraa
asgceagiton
acacacacac
gogagagLat
gaactrggeg
accgeastht
ttatgtetta
LLacgcattg
Tazctcoata
ttigaacott

tgag
tatagthoag
tghttghbaat

cagccaccgg
gogecaggge
BUCLYLYOCT
cocoatgatya
traccargeol
aggtgaccat
coatotocto
greaccgogy
Logageagas
TooRCRLgoa
tggcscgeay
agtggttoct
gagagygecca
aLgocacact
toatcaacgr
ggctgoctay
caggetocaa
grtacactea
ACUTOCACAC
ECYLOBCOLE
coooggecga
tgggoatest
agatcatgel
agctiathbst
CAgICARCAY
gtggcagaca
cocacoLgha

5ie

atacaacagt
FantaagLoa
goatccaaza
gaacteczoa
caatggatca
coatacarag
ggggtcatac
Egtaaktiic
Cgagacagct
agzggagart
asacattiyo
acatacacac
guocTocacty
cagataatgt
aaatbtolbol
Faactigatt
ttcaaactga
aarTgagaga
gaatiitgga
clitecagag
attegIicta
tactgzgatr
caalygooty
tatbtgectoo

tacckboo
cgtgggcacy
cLechgoets
TaCCAcRCCy
cteockggate
teczctgnaceo
tocctgoate
ggccoccaty
getgtacgyy
tgacaccacc
gectgsston
gaagagLgan
gagccagkoe
getgotcaaa
gactotbggay
cageragagg
ggaggoagte
gUtgLoceys
agteaacygoa
TgRCARCLIT
gtactgtore
cgtgctoccay
gagigetgey
ctragagatc
CLATQACACA
caccangace
cotgacacay

(173)

PCT/OSHA

cgaattcaac
FaLgacitic
EEEELEQCCC
gattigtaco
tTorggaaty
agraccarac
cetlatbtoa
attaagoatt
caaccattai
ccataattat
ngaaacratt
acacggacaa
LTcacTgnay
atatattuag
corgataaye
gasaatgaca
aggaaatkto
agaagaaggt
gatgtateoe
aacgtggttt
aataratbgt
breataataa
aavsgaagea
ttigagaatt

Cagacaage
agratgotgy
Aacgggoatct
ggcacagogs
grggraggas
TTathaaccg
atggagaaga
clagctocag
cltccaggcoy
crgeggagea
atgCIaact
woriickgga
atctgcageo
ctgegtgace
gocgrgctye
CoTCIggLgc
gocagoorgs
caggagotca
cogtggetet
cacacocoryn
atgtggutca
aagtggeacs
gtgcgoogga
agegatggcy
Tatyecaace
creabagage
aagctyggga

2649

1340
1208
12840
1320
1380
1440
1500
-1
1620
1680
1740
ia: 1o
1BED
12
l980
2040
2130
216¢
2221
2280
2340
2400
24580
2520
2530

60
1z0
180
240
303
360
420
439
540
&00
660
720
ka1
Bao
800
SE0
1020
1080
1140
1200
1260
13z0
1380
1440
1500
1560
1823
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goctaggaga
goectoectioh
cooctgagge
tectrotgag
tocoqacoty
grgtggatgn
ctgeTgtrat
cergroages
acacgtoote
chgagocacy
gatcacarge
casagactya
agaagtgltc
coctagggecce

<210%
«211>
=212
<213
<2Z0>
<221

<223

<400>

ctogageog
gagectttty
cttoctacgo
gggageecan
ctecatygoo
gotggtagtg
cagootggac
aggccactot
grttrosandy
gatagoagac
gageneggne
aagcocgagga
cecckgagaag
ELLOOLgeTct
gagtcigate
agagLoggat
cacageocy
gasgockoga
ELaCLCtgca
JUATToeTLC

&

1177

LNA

Home sapiens

nisc_feature

Incyte 1D No:

G

goLgyLggaa gTgrgecga
gggcicoage cooktgooay
cragotagge caggasieca
HRgLATJYSY ooiagggotn
saagctilga Lgggteatgy
traccigtge catctgreck
€CIOCCCoan gagccruygs
TCERAQTACA ggaggtTca
crtocccaace carctoatgo
tococtagga guagniggag
€Caggrgtoc agoagacc:c
Lytgaccrca ggtroocaca
tugalatgge cagugiogok
Etggecaaty tgatbaaago

1700830CEL

goggacggct gagogtgtgs
ctgtactaty coetoceibe
cggeetecate tgekgcacac
cgaggaggat chggagaget
eagegetegg acctoctgga
toacatgatd agaacoiyty
TLCOAQIAcT TOrCCotane
gotcacgggl csgaccgace
acacccarga gogTagagas
tiggrgagac gotatgaccg
atgaagaaat. goasggorgc
ttcroggatge tgotbtocla
ttoitctiok gottectgoe
tgcotgaacs aghttatLgge
cgacacrtgg aggagogagyg
tttgaageag coticagogh
cggractace tggacaasoa
ggtcheckgt techottoch
2aaLgcaata Taaaaageca
cytagyatag TACHTCLIy

acteggagty
COogoagocre
rootitcaga
ggLooroone
gooatgooat
cehgtotgtg
CYRYCATOTE
Joecagygag
CACCUCTEAT
atggccanaa
aaggeagaag
coagrygeca
gtoiogotad
cgccatcttg

chycagage
cctgogeage
gcocaggact
gerggagaan
qeitcgactgr
cogocagbog
caaggegaag
catg ot
caasgydasy
Taatgasats
caaccoogag
cracctoggg
caacaktcatc
Tgtggktteg
ggtgeaggrg
gggagccact
tggaccerget
araaaataaa
ggrTagoaatn
gRaggdy

24

cLotgggage
teraaggyy
Lgeccohgsa
TTorgaggcs
acccooogrg
ceaggaggoa
cebgaagoaa
aagccaygoty
[Slalaludds bl ool
gagtgageto
dgicacctas
cagggeagagy
atyggcoLgz
amaaaaa

tEctghgnga
tatgeocatgs
cocoacertee
accatggagy
cagetgacas
ggootadacy
coggaggTit
crggaggace
aacgaagagn
accatotyggg
ALQCCNTIg
ctgcegooct
aacaqgaccth
aaatgyorya
grerhoiggr
ggogtoataa
geccggaces
Eatttgoos:
aaacagaasa

(174)

PCT/USI14264%

ggyeioeraca
gactoectge
ggccgggge
cretectgta
acaatggayt
CoCgagLten
ctetgoteet
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., valional asplicaion Mo,

INTERNATIONAL SEARCH REPORT PCT/US 81702649

Boz| Observalions where cerain claims were found unsearchable {Continuation of item 1 of tirst sheet)

This intermauonal Sesich AEAB R3S No1 BESN estabkshed 1n respact of cortan claims under Anale 1712}(a} (or the fokowing reasons:

1 E Ciraime Nos »

because they miate 1o subject MANSF NOL reguired 1o be searched by this Awhonty. nameky:

Although claims 18, 21 and 24 are directed to a method of treatment of the
human/animal body, the search has been carried out and based on the alleged
effects of the compound/composition.

2, [X] ciams mos. 20, 23
because ey (elale 10 pars of the Internabonal Appicaton hat do net 2omply wiilt the prescrbed requiraments @ such
an exant thal na meaningful Imernalional Search can be cared oul, speciically:

see FURTHER INFORMATION sheet PCT/ISA/ZLO

3 D Claims Hos .«

because 1hey are qeoendenl cldmis and are nat draked 0 accordanca with the second and tid senlances of Rule B.4(a)

Box [ Observations whera unity of i ig lacking (Conti of item 2 of first stivet)

This Inismational Searching Authonty Faund multicle invenaonz in Ihis inarnation agghoation, a5 fokows:

see additional sheet

t s B required arkilinnal search leas wara imaly pasdt by the appheant, this Inernanonal Search Reper covery all
soancnabis craims.

2 || As sl searchatia cianns could be srarched without ilon justiying an addwonal fee, tnia Aullority did not imate payment
of 3y addilomal lee

3, &g pnly some of ha required addilional search fees were Iimely pait by the appheant, this Imematinat Search Report

covers only liicsa clams (01 wWhich {ee3 wers paIC. SoeCHICERY Chaims Nos.

4. [ | Mo requiras addiikna) searen lees were umely pais by ine apoiart Conssauenily. Ihis Insmmaional Search Aesan s
restneted [a 1na MyENBED 15T Mentionsd 1n 1he CIBims: i 15 Covered Dy Claims Nos.:

1,19,21,22,24-28 all partially

aamark on Proiest The adaitionsd search lees wive accampanied by the appixant’s profest.

* Mo protesl o paymant of adeibicnal search

Fomn PCTASAZ10 icontinuation of hist sheet (1)) (uly 1885)
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imermenonal Appucation tto. PCTAUS O /62649

FURTHER INFOHMATIOK CONTINUED FHOM  PCTISAI 219

This International Searching Authority found multiple (groups of)
inventions in this international appiication, as follows:

1. Claims: 1, 19, 21, 22, 24-28 (all partially}

Isclated poiypeptide (phosphodiesterase) having the amine
acid seguence shown in SEQ ID HO: 1, fragments and variants
thereof, corresponding polymucieotide having the nucleotide
sequence shown 1n SEQ ID HO: 4, host and vectors comprising
said molecules, a method for producing said polypeptide,
agonisis/antagonists and medulators {and corresponding
methods) for said molecules, mathods for treatment or
diagnosis of diseases mediated by said molecules.

2. Clasms: 1, 19, 21, 22, 24-28 (all partially]

Isolated polypeptide (phosphadiesterase) having the amine
acid sequence shown in SEQ ID WO: 2, fragments and variants
thereof, corresponding pelynucieotide having the nucleotide
sequence shown in SEQ ID NO: 6, host and vecters comprising
said molecules, a methed for producing said polypeptide,
agonists/antagonists and meduiators (and corresponding
methods) for said molecules, methods for treatment or
diagnosis of diseases mediated by said molecules.

3, Claims: 1, 19, 21, 22. 24-28 {(all partially)

Isalated pelypeptide (phosphodiesterase) having the amino
acid sequence shown in SEQ IB KNO: 3, fragments and variants
thereof, correspending polynucieotide having the nucleotide
sequence shown 1n SEQ ID HO: 6, host and vectors comprising
said molecuies, a methed for producing said polypeptide,
agonistssantagonisis and modulators [and corresponding
methods} for said molecules, methods for treatment or
diagnosis of diseases mediated by said molecules.
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Intemational Apgheation o, PG T/HS 01 /02649

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 710

Continuation of Box 1.2

Claims Nos.: 20, 21

Claims 28 and 23 refer to compositions comprising an AGONIST or
ANTABONIST identified by a specific method as defined in the preceding
claims. However, such compositions are not in accordance with Article §
PCT.

Agonists and antagorists are compounds which must be defined by
structural features, not hy their activity or by the method used for
identifying them {note that e.g., sulfuric acid is a very sirong
antagonist of all pelypeptides}. Due to this lack of clarity a meaningful
seach for said claims was not possible.

The applicant's attention 15 drawn to the fact that claims, or parts of
ciaims, relating to inventions in respect of which ne international
search report has been established need not be the subject of an
snternational preliminary examination (Rwle 66.1(e) PCT). The appiicant
45 advised that the EPD policy when acting as an Interpaticnal
preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether ar pot the claims are amended foilowing
receipt of the search report or during any Chapter 11 procedure.
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WO 9963088 A2 89-12-199%
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W0 5833816 A 05-08-1998  US 5965397 A 12-10-129%
AU 5050698 A 25-08-1398
Ep 1012273 A2 28-06-2000
w0 9833216 A2 06-08-1998
EP 8967284 A 29-12-196%  EP 0367284 AL 29.12~159%9
JP 2000022682 A 25-01-2009
uS 5851784 A 22-12-1998 AU 4270596 A 19-07-1986
CA 2182946 Al 04-07-1996
EP 0746619 Al 11-12-1996
WO 9620281 Al 04-07-1596
GB 2301363 A ,B 04-12-1996
Jp 9509851 T 07-13-1997
us 6291199 Bl 18-09-2001
us 6100037 A 0g-08-2008 AU 2721700 A 24-87-2000
EP 1141332 Al 10-10-200%
WO 0040723 Al 13-67-2000
W0 0100851 A 04-01-2001 AU 5886400 A 31-01-2601
Wo BIBABS1 Al 04-81-2601
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