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W70 (Rt

 Ala Gly, Set

" Arg His, Lys

" Asn Asp, Gln, His

" Agp Asn, Glu

ECys Ala, Ser

[Gin Asn, Glu, His

[Giu Asp, Cln, His

. Gy Ala

- His Asn, Arg, GIn, Glu

e Leu, Val

[ Leu Ie, Val

[ Iys Arg, GIn, Glu

[ Met Leu lle

[ Phe His, Met, Leu, Tip, Tyr

[ Ser Cys, Thr

" Thr Ser, Val

“Tip Phe, Tyr

C His, Phe, Trp

Val Ile. Leu, Thr
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Penalty for mismatch: -2

Open Gap: 5 KX Extension Gap: 2 penalties

Gap x drop-off: 50

Kxpect: 10

Word Size: 11
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Matrix: BLOSUM62

Open Gap: 11 K} Extension Gap: 1 penalties

Gap x drop-off: 50

Expect: 10

Word Size: 3

Filter: on
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PHOSPHODIESTERASES

TECHMICAL FERLTY
This mventien relates to nucleie asd and amino acid sequences of phosphediesterases and to
the use af these sequences in the diagnosis, treatiment, and preventiun of eye, peurological,
cardiovascular, cell profiferative, and aotoinununc/inflanmatory disorders, and in the assessment of
the effects of exogenous compoinds on the expression of nucleic acid and armine acid sequetces of

phosphodiesterases.

BACKGROUND QF THE INVENTTON

Phosphodiesterases make up a class of enzymes which catalyze the bydrelysis of one of the

P

two ester bonds ina phosphodiester compound. Ph are therefore crucial to a variety
of cellular processes. Phosphodiesterases include DNA and RNA endenuclkeases and exonucleases,
which ave cysential for cell growth and replication. and topoisomerases, which break and rejoin
nucleic acid strands during topological vearrangemsnt of DNA. A Tyr-DNA phosphodiesterase
functions in DNA repair by bydrolyring dead-end covalent intermediates formed between
wpoisomerase 1 and DNA (Poulior, LI, et al. (1999) Science 286:552-553; Yang, 5.-W. {1996} Proc.
Narl, Acad. Sci. USA 93:11534-11539).

Acid sphingovyelinase is a phosphadiesterase which hydeolyzes the membrane phospholipid
sphingomyelin to produce ceramide aad phosphoryleholing, Phosphorylcholine is nsed in the
synthesis of phosphatidyicholine, whieh is invelved m numerous Intracetiular signaling pothways,
while cerarmde 1s a0 cssential precursor for the generation of ganglicsides, membrane lipids found in
ligh concentration in ncural tissue, Defective acid sphingomyelingse leads to a build-up of
spihingomyelin molecules in lysosomes, resulting in Miemann-Pick discase (Schechman, EH. and
3.R. Miranda {1997) Gepet. Test. 1:13-139),

Glycerophosphoryl diester phosphodiesterase {alse known as glyceraphosphodiester
phosphodissterase) is a phosphediestecase which hydrolyzés deacetylated phospholipid
glyeerophosphodiesters to produce sp-glyeerel-3-phosphate and an aleshol. Glycorophesphocheling,
alycerophosphoerhanclamine, glycerophosphoglycerel, and glycerephosghoinositel are examples of
substrates for glycerophosphoryl disster phosphodicsterages. A plycerophosphoryl dicster
phosphodiesterase from E.coli bas broad spegificity for glycorophesphodicster substrates (Rarson,
.1 etul. (1983} J. Biol. Chem, 248:5428-5432}.

Cyclic nucleatide phosphodiesterases (PDEs) ate crucial enzymes in the regulation of the
cyclic nuclsatidas cAMP and cGMP. cAMP and oGNP fimction as inteacellelar second miessengers

to transduce u variety of extracelludar signals including hormones, light, and newgoransmitters. PI¥Es

1
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degrade cyclic nucleatides to their correspanding monophosphates, therehy reguiating the
intracellular concentrations of cyclic mcicatides and their effects on signal trausduction. Dine to their
roles as regulators of signal transduction, PDEs have bean extensively stodied as chemotberapeutic
targets (Porry, MU, and G.A. Higgs (1998) Cuer. Opin. Chern. Biol. 2:472-481; Torphy. LT, {[998)
A, ). Resp. Crit. Care Mecl, 157:351-370).

Cyclic nucleatide phosphodicsterase families

Families of mammalizn PDEs have been classificd based on their substrate specificity and
affiuity, sensitivity to cotactors, and sensitivity to inhibitory ageats (Beavo, LA, (1597) Physiol. Rev.
T8:725-T48; Conti, M. et al. (1995) Endocrine Rev. 16:370-389). Several of these families contain
distinct genes, many of which are expressed in different lssues as splice variants, Within PDE
famikies, thers are multiple isozymes and multiple splice variznts of these lsozymes (Conti, M. and
8.-L.C. Jin (1959} Prog. Nucleic Acid Res. Mol. Biol. 63:1-38). The existence of multiple PDE
families, isozymes, and splice variants is an indication of the variety and complexity of the regulatory
pathways invelving cyclic nucieotides (Houslay, M.D. and G. Milligan {1997) Trends Biochem. Sci.
22:217-224). .

Type | PDE= (FDE!s) ate Ca®/calmodulin-dependent and appear to be encoded by at least
three different genes, cach having at least two different splice variants (Kakkar, R et al. (2599) Call
Mol Life Sei. 55:1164-1156). PDELs have been found in the fung, heart, and brain. Seme PDEI

isuzymes are tegulated io vitco by phosphorylation/dephosphorylation. Phosphorylation of these

PDEI isozymes deorcascs the affinity of the cozyme for calniodutin, decrcases PDE activity, and
increases stoady state Jevels of cAMP (Kakkar, supra). PDELs may provide useful therapeutic targets
for disorders of the ventral nervous system, wnd the cardiovascular and immunc systems due to the
invelvement of PDIATs in both cyclic nucleotide and calcium signaling (Perry, M.J. and G.A. Higgs
{199E) Cucr. Opin. Chemn. Biol, 2:472-481),

PDEZs are oGMP-stimulaied PDEs thal have been found in the cersbellum, ncecortex, heat,
kidney. lung, pulmonary artery, and skeletal muscle (Sadhu, K. st al. {1999} J. Histachemn. Cytochem.
47:843-906). PDEZs are thought to mediate the effects of cAMP on catecholamine secretion,
participate in the regulation of aldosterone (Beave, supral, and play a role in offactory signal
teanseluetion (Tailfs, 12.M. et al. (19973 Proc. Math, Acad. Sci. USA 94:2388-3393).

PDE3s bavs bigh affinity for botk cGMP and cAMP, and so these cyclic noclegtides et ag
competitive substrates for PIDE3s. FDE3s play roles in slimulating myocardial contractility,
iohibiting platelel aggregation, relaxing vascular and 2irway smooth muscle, inhibiting praliferation
of T-lymphecytes and cultured vaseular smyoth muscle celis, and regolating catecholamine-induced

rclease of froc fatty acids from adiposc tissue. The PDE3? family of ghosphodiesterases are sensitive
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to specific inhibitors such as eilostamide, snoximone, and lixazinope. Isozvimes of PDE3 can be
regulated by cAMP-dependent protein kinase, or by insulin-dependent kinases {Degerman, H. et 4l
{1997) J. Bio). Chem. 272:6823-6826).

PDE4s are specific for cAMP; ace Jocalized to aivway smooth masele, the vascular
endotbelium, and all inflammatory cells; and can ke getivared by cAMP-dependent phosphorylaton.
Since elevation of cAMP levels cun leud te suppression of inftammatory celt activation and to
relaxation of bronchial smoeth muscle, PDIs bave been studied extensively as possible targets for
novel ant-inflammatery agents, with special emphasis placed on the discovery of aslhina tecatments.
PDE4 inhibitars are currently undergoing clinical triats as treatments for asthma, cheanic obstructive
pulmonary discase, and atopic eczema. All four knowo isczymes of PDE4 are susceptible to the
inhibitor ralipram, a corapound which bas bean shown to improve hehavioral memary in mice
{Barad, M. et al. {1998) Proe. Nutl. Acad. Sci. USA 95:15020-15025). FIDI34 inkibitors have also
peen studied as possible therapeutic agents against acute Jung injury, endotoxemia, theumatoid
arthritis, multiple sclerosis, and various neurological and gastreintestinal indications (Doherty, A M
£1999 Curr, Opin. Cherz, Biol, 3:466-473).

FPDE3 is highly selective for cGMP as a substrate (Turko, 1V, ot al. ([998) Biochemistry
37:4200-4205), and hias two allosteric oGMP-specific binding sites (MeAllister Lucas, L.M. et al.
{1995} J. Biol. Chem. 270:30671-30679). Binding of ¢GMP to these allosteric binding sites seenis 1o
be impertant for phosphorylation of PDES by ¢cGMP-dependent protein kinase rathec than for direct
regulation of catalytic activity. Tigh levels of FDDES are found in vascular smooth musele, platelets,
lung, and kidney. The inhibitor zaprinast is effective against PDES and PDETS. Modilication of
zaprinast 1o peovide specificity agatnst PDES has resulted in sildenafit {VIAGRA; Pfizer, Ine., New
York NY), atreatment for male ereetile dysfunction (Terrett, N. et al. (1996) Bioorg. Med. Chera.
Lett. 6:1219-1824). Inhibitors of PDES are currently being smdied as ageats for cardicvascular
therapy (Perry, M.I. and G.A. Higgs (1928} Curr. Opfa. Chem. Biol. 2:472-48]).

PDESs, the phatoreceptor cyelic mcleotide phosphodiesterases, are cmeial components of
the phototransduetion cascade. In assoctation with the G-protein transducin, PDE6Ss hydrolyze cGMP
to regulate cCGMP-gated cation channels in photoreceptar membrancs. In addition to the cGMP-
binding active site, PDE6s also have two high-affinity ¢GMP-binding sites which are thought to play
a regulatory role in PREG function (Arerayev, M.O. et al. (1993) Metheds 14:93-104). Defects in
PDESs have been associated with rotinal discase. Retinal degeocration in the rd movse (Yan, W. et
al. (1998) Invest. Qpthalmol, Vis. Sci. 39:2529-2336), antosomal recassive ratinits pignientosa in
humans (Panciger, M. ot al. (1995} Genomics 30:1-7), and rad/conc dysplasia 1 in Irish Setter dogs

(Suber, ML, et al. {1993) Proc. Nall. Acad. Sci. USA 20:39638-3972) have been attniboted to

JP 2004-512019 A 2004.4.22
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mutations n the PDEGH gene,

The PDE7? family of PDEs consists of only one known member having multiple splice
varignts (Bloam, T.J. and I.A. Beavo (1996) Proc. Nitl. Acad. Sci. USA 83:14188-14192). PIIETs
are cAMP specific, but Tietle else is known abour their physiological funchon. Althcugh mRNAs
snoading PDIE7s are found in skelotal muscle, heard, brain, leng, kiduey, and panersas, expression of
PDIZ7 proteins is restricted to specific lizsue types (Han, P. eval. (19973 ). Biol. Chem. 272:16132-
16157; Perry, M.I. and G.A. Higgs (1998} Curr. Opin. Cliem. Biol. 2:472-481). FDETs are very
closely related to the PB4 family: however, PDE7s are oot inbibited by rolipram, @ specific inhibitor
of PDE4s (Beavo. gupra).

PDESs 2re. cAMP specific, and are closely related o the PDE4 [amily. PDESs are cxpressed
in thyrold gland, testis, eye, liver, skeletsl muscle, heary, kidney, ovary, and brain. The cAMP-
hydrolyzing activity of PDESs is not ithibited by the PDE inhibitors rolipram, vinpacetine,
milrinone, IBMX (3-isubuty)- I-methylxanthine), or zaprinast, but PDERs are inhibited by
dipyridamole (Fisher, DA et al. (19%8) Biechem. Biophys. Res. Commun. 246:5%)-577; Hayashi,
M. et al. {1998) Biochem. Biophys. Res, Commun. 250:751-756; Soderling, S.H. et al. (£998) Proc.
atl. Acad. Sci. USA 95:8991-8996).

PDEYs are cGMP specilic and most closely resemble the PDER family of PDE;. PDE9s are
cxpressed in kidney, liver, lung, brain, spleen, and small intestine. PLYESx are not inhibiled by
sildenafil {VIAGRA, Pfizer, Inc., New Yark NY), rolipram, vinpocetine, dipyridamole, or TBMX (3-
isabutyl-1-methylxanthine), but they are sensitive io the PDES inhibitor zaprinast (Fisher, D.A. et 2l
{1998} 1. Biol. Chem. 273:13559-13564, Sodceling, S.H. etal. (1998) J. Biol, Chem. 273:15533-
15558).

PDELDs are dual-sabstrate PDEs, hydrolyzing both cAMP and cCGMP. PDE0s ars expresseil
i braim, thyroid, and testis. (Sodeding, S et ok, (1999} Proc. Natl. Acad, Sci. USA 96:7071-7076;
Fujishige, K. et al. (1999) J. Biol. Chem. 274:18438-18445; Longhney, K. ot al (1999} Gene 234:108-
nn.

Cyelic mucicotide phosphodissterase strucrure

PDEs arc composed of a catlytic domain of akout 270-300 amine acids, an N-terminal
regulatory domain responsible for binding cofactors, and, in sorme cases, a hydraphilic C-terminal
doraain of nnknown funclion (Conti, M. and 8.-L.C. Iin (1999} Prog. Mucleic Acid Res. Mal. Biol.
63:1-38). A congerved, putative zine-binding motif, IDXXHXIX XN, has been identified in the
cutalytic domain of a)l PDEs. N-iermival regulatory domains include non-catalytic cGMP-binding
Jomains in PDE2s, PDESs, anc PDESs; calimadulin-hinding domatns in PDELs; and domains
comaining phosphorylation sites in PDE3s and PDE4s. In PDES, ihe N-terminal cGMP-binding
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domain spans about 380 amine acid tesidues and comprises landem repeats of a conserved seqaence
metif N{REIXRFXDE (McAllistor-Lucas, L M. etal, (1993} T, Biol. Chem. 268:22863-22873),
This motif has been shown by mutagenesls to be inportant for cGMP binding (Turko, LY. et al.
(1996} 7. Biol. Chem. 271:32240-22244), PDII fanilies displuy approzimately 30% amino acid
identity within the catalytic domain; however, lsozymes within the same fanily iypically display
about $5-95% identity in this region (e.g. PDE4A vy POE4B). Furthennore, within a family there is
exrensive similarity (>60%) outside the catalytic domain; while acress famnilies, there is litle or no

sequence siendlariey outeide this domain.

hospbediestersses i

Many of the constituent functions of immune and inflymmatory responses are inhibited by
agents that increase Intracellular levels of cAMP (Verghese, MW et al_ {1955) Mol. Pharmaco!.
47:1164-1171). A varicty of diseases have been attributed to tnereased PDE activity and associated
with decreased levels of cyclic nucleotides. For example, a farm of diabetes insipidus in mice has
been wssociated with increased PDE4 activity, an increase in low-X.,, ¢cAMP PDE activity has been
reported in leukoeytes of atopic patients, and PDE3 has been associated with cardine disease.

My inhibitors of PDEs have been identified and have undorgons clinical evaluation (Porry,
M.J. atd G.A. Higgs (1998) Curr. Opin. Chem. Biol. 2:472-481; Torply, T.). (1998) Am, 1. Respir.
Crit. Cars Med. 157:351-370). PDE2 inkiltitors are being developed as antithrembotic agents,
antihypertensive agents, and as cardictonic agents uselul in the treatment of congestive heart failare,
Rolipram, a PDE4 mhibitor, has beeti used in the treatment of depression, and other inhibitors of
PDE4 are undergoing cvaluation as anti-inflamatory agents. Rolipram has also been shown to
inhibit lipepolysaccharide (LPS) induced TNE-o which has been shown to enhance HIV-1 replication
n vitro. Therefore, rofipram may inhibit HIV-1 replicution (Angel, IB. ctal. {1995} AIDS
9:1157-1144). Additionally, rolipram, based on its abality to suppress the production of cyiokines
sueh a¢ TMF- 2nd B 2nd interferon ¥, has bees shown to be effective in the teeatment of
encephalomyelitis. Rolipram may also be effective in tcating tardive dyskinesia and was sffective in
treating multiple selerosis in an cxperimental animal madel {Semmer, N. et al. (1995} Nat. Med.
1:244-248, Sesaldi, H. et al. (1993) Bur. J. Pbarmacol. 282:75-76).

Theophylline is a nonspecific PDE inhibitor used in the treatment of branchiat asthma and
olher respiratory dissuses, Theophylline is believed to act on airway smouth imuscle funciton and in
an anti-inflammatory or fmmunomociulatory capacity in the treatment of respiratory diseases (Banner,
K.H. and C.P. Page (1995) Eur. Respir. I. 8:996-1000). Pentoxifylline is anolher nonspecific PDE
inhibitor used in the treatment of intermittane claudjeation ang diabetes-induced peripheral vascular

discase. Pentoxifylline iz also known to block TNF-u: production and may inhibit HIV-T replication
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(Angel of al., supra),

PIIHs have been reported 1o affect cellular proliferation of a variel"y of cell types (Cond et al.
1995) Enducrine Rev. i6:370-38%) and have been mplivited in various cancers. Growth of prostate
carcinoma ccll lines D145 and LNCaP was inhibited by delivery of cAMP derivatives and PDE
inhibitors (Bang, Y.I. et al. (1994) Proc. Nail. Acad. Sei, USA 21:5330-5334). Thess cells ulso
showed a parmanent conversion in phenotype from epithelial to peuranal morpbology. Tt has also
heen suggestad that PDE inhihitors have the potential o regulate mesangial cell prolifecation
{Matousovic, K. ctal. (1995} 1. Clin. Invest. 96:401-410) and lympbacyte proliferation (Jonlain, . e
al. {1995) J. Lipid Modiat. Cell Signal. 11:63-79]. A cancer ireatment has been described that
invalves ibtracellutar delivery of PDEs to pardcular cellular compartments of umors, resulting in cell
death (Deonorain, MLF. and A.A. Epenetos (1994) Br. L. Cancer 70:786-794).

The discovery of new phusphodiesterases and the polynocleotides encoding them sa

£ 0
need in e art by providing new compositions which are vseful in the diagnusis. prevention, and
treatment of eye, neuralogical, cardiovascular, cell praliferativa, and autainmunesinflammatory
disorders, and in the assessent of the effects of erogenous compounds on the expresston of nucleic

acid and amino acid sequences of phosphodiesterases.

SUMMARY OF THE INVENTION

The invenlion features parifisd polypeptides, phosphodiesterases, referced to collectively as
“HPDE” and individually as “HP'DE-1,” "HPDE-2," “HPIDE-3,” and “HPDE-4.” [n ane aspoct, the
invention provides an isolated polypeptide selected from the group consisting of a) a polypeptide
comprising an aning aeid scquence selected from the group consisting of SEQ 1D NO:1-4, by a
naturally occorring polypeptide comprising an amine acid sequence at least 90% identical to an
amine acict sequence selected from the groap consisting of SEQ ID NO: 14, ¢) a biologically active
fragment of & polypeptide having an amino acid sequence selected from the group cousisting of SEQ
ID NO:1-4, and d) an immunogenic fragment of a polypeptide bavinig an amino acid sequenee
selected from the group consisting of SEQ ID NO:1-4. In one alterpative, the invention pravides an
isolated polypeptide comptising the aming ucid sequence of SEQ 112 NO:1-4.

The invention further provides an isolated pelynuclentiide encoding a polypeptide selected
from the group consisting of a) a polypeptide comprising an amino acid sequence selected from the
group consisting of SEQ 1> NO:1-4, ) a natorally occurring polypcptide comprising an amino acid
sequence at Jeast $0% identical to an wmino acid seguence selected from the group cunsislin.g of SEQ
D NO:1-4, ¢ a biclogically active fragment of a polypeptide having an amino acid sequence selected
from the growp consisting of SEG ID NQ: 14, and d) an immunogenic fragment of a palypeptide

having an amine acid sequence selected from the group consisting of SEQ TD NO:14. Inone

6
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alternative, the polynucleotide eneodes a polypeptide selected from the group consisting of SEQ I
NO:1-4. Tn another alternative, the polynucleotide is selected from the group consisting of SEQ ID
[NO:5-8.

Additionally, the invention provides o recomsbinant polypucleotide comprising a promoter
sequence operably linked to a pulynucleotide encoding a polypeptide selected from the group
consisting of a) a polypeptide comprising an amine acid sequence selected from the group consisting
of SEQ ID MO:1-4, b) a natucally occuning polypeptide comprising an amine acid sequence ar least
90% tdentical 1o a0 amino acid sequence selected from the grovp consisting of SEQ D NO:1-4, ¢} a
biolagically active fragmont of a palypeptide having an amine acid sequence seleeted Crom the group
consisting of SEQ I NO:1-4, and d) an immuuoogenic fragment of a polypeptide having an amine
acld sequence selected from the group consisting of SEQ [D NO:1-4. In one akernative, the invention
provides a cell transformed with the recombinant polyoueleotide. In another alternative, the mvention
provides a fransgenic organism comprising the recombinant polynucteotide.

The invention also provides 4 method for producing a polypeptide selecied from the group
consisting of a} a polypeptide comprising an amino acid sequencs selectod from the group consisting
of SEQ 10 NO: -4, b} a naturally rcurring polypeptide comprising an amino acid sequence at least
80% identical to an amino acid sequence selected from the group consisting of SEQ 10 NO: 14, ¢} a
biologically active fragment of a polypeptide having an amino acid sequence selected from the group
consisting of SEQ D NG:1-4, aud ) an imnunogenic fragment of a pelypeptide having in amino
acd sequence selected from the gronp consisting of SEQ I NO:1-4. The method comprises a}
culturing 4 cell under conditions suitable for expression of the polypeptids, wherein said cell is
transformed with 2 recombinant polynucleotide comprising a promoter sequence operably linked 1o &
pelynuclectide encoding the pelypeptide, and b) recovering the polypeptide so cxpressed.

Additionally, the invention provides an isolated antibody which specifically binds to a
polypeptide selected from the group cobsisting of 2) a polypeptide comprising an wmino acid
sequence selected from the growp consisting of SE() 1D Ni:1-4, b) a naturally ocourting polypeptide
comprisiryg an amino acid sequence at least 90% identical (o an amine acid sequence selected from
the group consisting of SEQ [D NO:1-4, ¢) a biokogically active fragment of a polypeptide having an
aming acid sequence selected from the gronp consisting of SEQ ID KO: 14, and d) an immunogenic
fragraent of a polypeptide having an amioo acid sequence selected from (he group consisting of S1Q
D NC:1-4,

The invention further pravides an isofated polynpuclectide selected from the group consisting
of a} u polynucleetids comprising a polynucleotide sequence sclected from the group consisting of
SEQ ID NO:5-8, b) a namrally oceurring pelynuclestide comprising a pelynucieotide sequence at

Icast 90% identical to a polymuicleutide sequence selected from the group consistiog of SEQ 1D NO:5-
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3, ¢} a pelymuclentide complementary to the polynucleotide of &), d} a polymaeleolide complementary
to the palynueleotide of b}, and e) an RNA eguivalent of a}-d). In one altemative, the polyneclentide
compiises at least G0 contigucus nusleotides.

Additivnal ly, the invention provides a method for defeeting a target polynucleotide in &
sample, said target polynucleotide having a scquence of a polymucicatide setected from fhe group
congisting of a} a polynucleniide comprising 4 polymiclectide sequence selected fram the group
consisting of SEG 112 NG:5-8, by a naturally occurring polynuelestide comprising a polynucleotide
soquencs at least 90% identical to a polynuclectide seqnence selested from the proup consisting of
SEQ [T Nix:5-8, ¢} a polynuclectide complementary to the polynucleotide of a}, d) a palynucleatide.
complementary to the pelynucleotide of b), and ¢} an RNA equivalent of a)-d). The methed
comprises a) hybridizing the sample with @ probe comprising at Ieast 20 contigucus nucleotides
comprising & sequence complementary to said target palynucleotide in the sample, and which probe
specifically hybridizes vo said target polymucleotide, under conditions whereby a hybridization
complex is formed between said probe and said target pelynueleotide or fragments thersof, und b}
deteciiog the presence or absence of said hybridizition complex, and optionally, if preseat, the
amount thereof. I onc altecnative, the probe corprises at least 60 contiguous nucleotides,

‘I'he inventioa furtber provides n method for detecting a target polynuclestide in a sample,
said target palynucleatide having a seaquencs of & polymucleatide selected freom the gronp cansisting
of 2) a palynucleotide comprising a pelynucleotide sequence selected from the group copsisting of
SEQ TD NO35-8, b) a naturally oecarting polynuctentide comprising # polynucleclide sequence at
least 90% identical to a polynocleatide sequence selocted from the aroup consisting of SEQ H2 NO:3-
3, ¢} a polynucleotide camplementary to the polynucleotide of &), d) a pelynuclestide complementary
to the polynucleotide of b), and &) an RNA equivaknt of aj-d). The methud comprises a) aroplifying
said target polyoucleatide or fragmens (hereof using polymerase chain reaction amplification, and b}
detecting the presence o absence of exid amplificd rargel polynucleotide ot fragment thereof, and,
optionally, if present, the ameunt thercof.

The invention further provides a composition compriving an effective amount of a
polypeptide selected from the group consisting of 2} a polypeptide comprising an amino acid
sequence selected frors the proup cansisting of SEQ 1D NO:1-4, b) a naturally ocewrring polypeptide
comprising 20 artine acid sequence at least 90% identical 1o an amine acid sequence selected from
the group consisting of SEQ I NO:1-4, ¢) a biologicaily active fragment of o polypeptide haviag an
amino acid scquence selected from the group consisting of SEG ID NO:1-4, and d) an immunogenic
fragment of 2 pelypeptide having an amino acid sequence selected from the group consisting of SEQ
1D NO:1-4, and a pharmaceatically acseptable excipient. In one embodiment, the composition

comprises an amino acid sequence selscted from the grovp consisting of SEQ 1D NO:1-4. The

g
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invention additionally provides a method of treating a disease or condition assaciated with decreased
expression of functional HPDE, comprising administering o a patient in nced of such treatment the
composition.

The invention also provides a method for screening a compound for sifectivencss as un
agonist of a polypeptide selected from the group consisting of a) a polypeptide comprising an amine
acid sequence sclecied from the group consisting of SEQ 113 N(:1-4, b) a naturally accuering
polypeptide comprising an amino acid sequence at least $0% identical to an amino acid sequence
selected from the group censisting of SEQ ID NO:1-4, ¢} 4 biclogically active fregment of a
polypeptide having an amine acid sequence selected fram the group consisting of SEQ ID NO:1-4,
and d} an imonmogenic fragment of a polypeptide having an amine acid sequencs selected from the
group copsisting of SEQ ID NO: -4, The method comprisces 2) exposing a sample comprising the

polypeptide ta & componnd, and b) detecting agoenist activity in the szmple. In one alternative, the

_invention pravides a composition corprising an agonist compound identified by the method and a

pharmaceutically acceprable exeipient. In another altemative, the invention provides a method of
treating g disease or condition associaicd with decreased expression of functional HPIJE, comprising
administering to & patient in neel of such teatment the composition.

Additionally, the invention: provides a method for screening a compound for effectiveness a3
an antagonist of a polypeptide selected from the group consisting of a) a polypeptide comprising an
auino acid sequence selected from the group consisting of SEQ I NCG:1-4, b} a naturally ueourring
palypeptide cornptising an amina acid seyuence at least 90% kentical 1o an aming acid sequence
selected from the group consisting of SEQ D NO: 14, <) a biologicaily active fragment of
polypeptide huving an amino acid sequence selected from the group consisting of SEQ D NO:1-4,
and d) an immunegenic fragment of 2 polypeptide having an amino acid scquerce selected frem the
gronp consisting of SEQ D NO:1-4 The methad sorapeises ) exposing o sample comprising the
polypeptide to & compound, and b) detecting antagonist activity in the sample. It one alternative, the
invention provides a compesition comprising an antagenist compovnd identified by the methed and &
pharmaceutically acceptable excipient. In anather alternative, the invention provides a method of
weating a disease or condition associated with overexpression of functional HPDE, comprising
administering to a patient in need of such treatment the ceraposition.

The jovention further provides a method of screening for a copound that specifivally binds
{0 a polypeptide selected tfrom the group consisting of 2} a polypeptide comprising an amino acid
sequence selected foom the group consisting of SEQ 1D MC:T-4, b) a natvrally occurring polypeptids
comprising an arino acid sequence at east 909% ttentical te an amine scid sequence selected from
the group congisting of SEQ TD NO:14, ¢) a biolegically active fragment of a polypeptide having an
anine acid seqnence selected from the group coosisting of SEQ ID NG:t-4, and d) an immuwnogenic

o
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fragment of & pelypeptide having an amino actd sequence sclected from the gronp consisting of SEQ)
ID NG 1-4. Tho method comprises a) combining the polypepride with at least one test compound
under suitable conditions, and b} detectmg binding of the polypeptide to the test componnd, thereby
identifying 4 compound that specifically binds te the palypeptide.

The invention further provides a method of screening for 2 compound thatl modulaes the
activily ol a polypeptide selected from the gronp consisting of a) a pelypeptide comprising an aniine
acid sequence selected from the yroup consisting of SEQ U NO:1-4, b) # nutarally oceurring
polypeptide compuising an amine acid scquence at loast 90% identical to an amino acid seqnence
selected fram the group consisting of SEQ IL NC:1-4, ) 2 biologically active fragment of a
polypeptide having an amino acid sequence selected from the group copsisting of SEQ D NO:1-4,
and d) au immunogenic fragment of 2 polypeptide having an amino acid sequence selected from the
gronp consisting of SEQ ID NO:1-4. The method comprises a) combining the polypeptide wilh at

Teast one test compound noder conditions permissive for the activity of the palypeptide, iy ass

SHATE
the ycrivity of the polypepide in the presence of the test compound, and ¢} comparing the activity of
the polypeplide in the presence of the test cumpound with the activity of the polypoptide in tho
ahsenee of the test compound, wherein a change in the activity of the polypeptide in the presence of
the test compound is indicative of 2 compound that iodulates the activity of the polypeptide.

‘the invention further provides a methed for screening a compound for effectiveness in
altering expression of a large! pelynucleofide, wherein said target polynucleotide comprises a
sequence selecied from the group consisting of SEQ 1D NQ:5-§, the method comprising a} exposing a
sample comprising the target polynucleotide to a compound, and b) detecting altered expression of
the target polynuclectide.

~T'he invention (urther provides a wethod for assessing toxicity of 4 test compound, said
wethod comprising a) treating a hiclogical sample containing nucleic acids with the test compound;
b} hybridizing the nueleic acids af the wreated biological sample with a probe comprising ar least 20
contiguous nuclestides of a polynaclootide selected from the group consisting ﬁri) a palynueleotide
comprising 2 pelynucleatide sequence sclected from the group consisting of SEQ 1D NQ:5-8, §i) a
naturally occuring polynucleatide comprising a polymucleotide sequence af least 90% identical to a
polynuclentide sequence selected from the group consisting of SEQ ID NO:S-8, iii} a pelynucleatidc
having a seguence complementary to i}, iv} a polynucleotide complerentary to the polyaucleotide of
i}, and v} an RNA equivalent of i}-iv). Hybridization occurs nader canditions whereby a specific
hybridization complex is formed between said probe apd a target polynucleotide in the Iiological
sanple, sail target polymiclectide selected from the group consisting of i) a polynuclaotide

somprising a polynucleatide sequence selected from the group consisting of SEQ [D NO:3-8, ii} a
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naturally eccurring polynucleotide comprising & polyancleobide sequence at least $0% identica) to a

polynucleotide sequence selected from the group consisting of SEQ 1D NO:5.

i) @ potynuclentide
complementary to the polynucleotide of 1), iv) & palynueicotide complementary to the polynucleotide
of 1i}, and v) an RNA equivalent of i)-1v). Alternatively, the tarpet polymmcleotide comprises a
fragment of a poly nuclentide sequence selected from the greup consisting of 1)-v) above; ¢}
guanlifying the amount of hybridization complex; snd d} comparing the amount of hybridization
comnplex in the treated biological sample with the amonnt of hybridization complex. in an untreatec!
biological sample, whercin a difference in the amownt of bybridization complex in the treated

bialogical sample is indicative of toxicity of the tost compound.

BRIEF DESCRIPFTION OF THE TABLES

Table I summarizes the nemenclatre for the full length polynucleatide and palypeptide
sequences of the present inyvention.

Table 2 shows the GenBank identificaiion number and annatation of the nearest GenBank
homolog for pelypeptides of the inveation. The probability score for the match betwsan eack
polypepiide and its GenBank homeloy is also shown.

Table 3 shows structural featares of polypeptide sequences of the invention, incding
predicted motife and domaing, along with the methods, algorithms, and searchable dutabases used for
analysis of the polypoptides.

Table 4 Iists the cDNA and/or genomic DNA fragments which were used to sssemble
pulynuclestide sequences of the invention, along with selected Fragmnts of the polynucleatide
saguences.

Tabie 5 shows the representative cDNA library for polynucleotides of the invention.

Table & provides an appendix which describes the tissues and veetors used for construction of
the cDNA librariss shewn in Table 5.

Table 7 shows the toals, programs, and algorithms axed io analyze the polynucleotides and
polypeptides of the invention, alung with applicablc descriptions, references, and threshald

parameters.

DESCRIPTION OF THE INVENTSON
Before the proseat proteins, nueleotide sequences, and methods are described, it is understoed
that thiz invention is not limited to the pacticular machines, materials and methods described, as these
may vary. Itis also to be understood that the torninelogy wsed herein is for the purpose of describing
particular emmbodiments only, and is net intended to Linit the scopoe of the present invention which

will be limited gnty by the appended claims,
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It st be noeed that as wsed herein and in the appended clatms, the siﬁgulur forms "a,” “an,”

and “the” include plural reference unless the context clearly dictates otherwisc, Thus, for example, a
rofecenice to "2 host cell” includes a plarality of such bost cells, and a reference ta “an antibody™ {s o
roferance to one or more anfitodics and equivalents thereof known o those skilled n the art, and so”
forth,

Uhnless detined otherwise, all technical and scientitic terms uged herein have the sams
meanings a5 commonly undersiood by one of ordinary skili in the art to which this invention belongs.
Although any roachives, materials, and methods similar or equivalent to those described hotoin can be
used 1o practice or test the present invention. the preferred machines, maserials and merhods are now
deseribed. ALl publications mentianed herein aze cited for the parpose of describing and disclosing
the cell lines, protacots, reagents and vectoss which are ceported ia the publications and which might
be used i connection with the inveniion. Nothing hercin is to be construed as an admission that the
invention is not entitled Lo antedate such disclosure by virive of prior invention.

DEFINITIONS

“HPDE" refers to the amine acid sequences of substantizlly purificd TIPDE obtzined from
any species, particularly a mammalian specics. including bovine, ovine, porcine, murine, equine, and
human, and from any source, whether natural, symhetic, semi-synthetic, or rcecombinant.

The term “agonist™ refers to a moleculs which intensifies or mimics the bivlogical activity of
HPDE. Agponists may include proteins, nucloie acids, carbobydrates, saell molecules, or any other
competind or composition which modulates the activity of TIPDE either by directly interacting with
PRI or by acting oo components of the biclogical pathway in which ¥IPDE participates.

An “allclic vaciant” {s an alternative form of the gene encoding HPDE. Allelic varints may
result from at [east ope mutation in the nucheic acid sequence and may result in altered MENAS or in
polypeptides whose stncmne of function nay or may nat be altered. A gene may have none, one, or
moany allelic variants of its naturally occuning form, Commen mutationzl changes which give rise to
allelic variants are generally ascribed ta natural deletions, additions, or substitutions of nucleotides.
Each of these iypes of changes may cecur alons, or in combination with the otbers, enc or mare times
in a given sequence.

“Altered” nncleic acid sequences encedting HPDL include those sequences with deletions,
snsertions, or snbstitntions of different mecleotides, tevulting in a polypeplide the sume as FIPDE or a
polypeptide with at least one funclional charzctenstic of HPDE. Ieluded within this definition are
polymorphisms which inay or ey net be readily detectable vsing a particular oligenruclentide probe
of the polynucleotide encoding HPDE, and impropes or unexpasied bybridization to allelic variants,
with 2 Focus other than the normal chromosomal lecus far the polynuclestide sequence encoding

BIPDE. The encoded pretein may also be “allersd,” mnd may coutain doletions, insertiens, of
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substimtions of amine acid residues which produce a silent charge and resule in a fypeticnally
equivalent HPDE. Deliberale amino acid substitutions roay be made on the basis of similazity in
polunity, charge, solubility, hydrophobicity, hydrophilicity, and/or the awphipathic nature of the
residues, as long #5 the hiological or immunalogical activity of JIPDE is rerained. For example,
negatively charged amioo acids may include aspartic aeid and glutamic acid. and positivety charged
aming acids niay inclode lysing and arginine. Aming acids with uncharged polar side chaing having
similar hydrophilicity values may include: asparagine and glutamine; and serine and threonine.
Amino acids with ancharged side chains having similar hydrophilicity values may include: leneine,
isoleucine, und valine; plycine and alaning; and phenylalanine and tyrosine.

The ter

amine acid” and “amine acid sequence” sefer tn an oligopeptide, peptide,
polypeptude, or protein scquence, or 2 fragment of any of these, and to paturally eccurring or synthetic
molecules, Where “aniino acid sequence” is 1ecited to refer to a sequence of a nawurally accurring
protein melecude, “amino acid sequence™ and like terms are not meant to limit the amino acid
sequence to the complete native arine acid sequence associated with the recited protein molecule.

“Amplification” relates to the production of additional copies of a nucleic acid sequence.
Asoplification is generally cartied oul using polymerase chain reaction (PCR) technolugies well
known in the art.

The tarm “antagonist” refers to a molecule which inhibils or atlenuates the biclogical activity
of HPDE. Antagonists may include proicins such as antibodies, nucleic acids, carbohydrates, sorall
moleentes, or any othar compound or compositian which madalates the activity of HPDE eithar by
directly interacting with HPDE or by acting an components of the hiological pathway in which HPDE
participies,

The term “antibody™ refers to intact immunogiobulin molecules as well as to fragmenis
theseof. such as Fab, Fab’),, and Fv fragments, which ave capable of binding an epitopic determinant.
Antibodies that bind HPDE palypeptides can be prepared using intuct polypeptides ar using
{ragments containing small peptides of tmerest as the immunizing antigen. The polypeptide or
oligapeptide nsed to irorounize an apimal (e.g., a mouse, a rat, or a rabbit) can be desived from the
translation of RNA, or synthesized chemically, and can be conjugated to a carrier protein if desired.
Commonly used carriers that are chemically coupled to peptides include bovine serum albumin,
thyraglobulin, and keyhole limpet hermocynnin {KLH). The coupled peptide is then psed w immunize
the animal.

The term “angigenic detenminant™ refers to that region of 4 molecnle {i.e., an epitops) that
makes contact wifb « particular antibody, When a protein or & fragment of a protein is used to
immunize 2 host animal, numerous regions of the protein may induee the production of antibadies

which bind specifically to antigenic delerminants (particular regions or three-dimensional simctmes
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on the protein]. An antigenic detenminant mzy compelte with the intact antigen (Le., the inmunogen
used w elielt the immune responsc) for binding to an autibedy.

Fhe term “antisense” refors to any compesition eapable of hase-pairing with the “sense™
(coding) strand of a specific nucleic acid sequence. Antisense compositions may include DINA
RNA; peptide nucleic acid (PNA); oligonucleotides having modified backbonc linkages such as
phosphorathicates, methylphesphonaies, or benzylphosphonates; oligonucleatides having modified
sugar growps such us 2-meothoxyelhyl sugats or 2-melhuxyetboxy sugics; or oligunucleotides having
mexlified bases such as S-methyl cytosine, ZT-deoxyuracil, of 7-deaza-2-deoxyguanosine. Antisense
molecnles may be produced by any methad including chemieal syothesis or transcription. Once
introduced infg a cell, the complementacy antisense molecule base-pairs with a naturally occurring
nuelele acid sequence produced by the cell te form duplexes which block either transeription or
translation. The designation “negative” or “minus” can refer to the antisense strand, and the
designation “positive” or *plus” can refer to the sense strand of a reference DNA molecole.

The lerm “biclogically active™ refers to a protein havieg structura, regulatary, o biochemical
functions of a nameally occurring molecule, Likewise, “immunologically active’™ or “immunogenic”
refers to the capability of the natural, recombinant, of synthetic HPDE, o of any oligopeptide thersef,
toinduce a specific immune response in appropriate animals or cells and to bind with specific
antibodies.

“Complementary” desotibes the relationship between two single-stranded nueleic acid
sequences (hat apneal by base-pairing. For example, 3-AGT-2' pairs with its complement,

“TCA-5.

A “composition comprising a given polynucieotide sequence” und a “composition comprising
4 griven amine acid scquence” refer broadly to any composition containing the given pulynucleotide:
or srrang acul seguence. The composition may comprise & dry formulatien or a0 aqueous solution.
Compositions comprising polynuclentide sequences encoding HPIHS or fragments of HPDE may be
employed as hybridization probes. The prabes may be stored in freeze-dried form and may be
associated with a stabilizing agent such as a carbohydrate. In hybridizations, the probe may be
deployed in an aquegus solution containing saits (2.g., NaCly, detergents (e.p., sodivm dodecyl
sulfate; 8DS), and other components (¢.g., Denhandt's solution, dry ndlk, salmon spernm DNA, eie.).

“Consensus sequence” refers lo a nucleic acid sequence which has besn subjected to repeated
DA scquence analysis 1o resolve unealled bases, oxtended using the XIL-PCE. kit (Apphicd
Ricsystems, Foster City CA) in the 5' umdjor the 3* dircction, and resequenced, or which has been
assembled from one or owore overlapping cDNA, BST, or gepomic DNA [ragrents using a computer
program for fragment assembly, such us the GELYIEW {ragment assernbly system (GCG, Madison
WT) or Plhrap (University of Wazhington, Seattle WA). Soine sequences have been both exteaded and

14
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assembled to produce the consensus sequence.

“Congervative amino acid subsritetions” are thase substitutions thit are predicted to least
interfere with the properties of the ariginal protein, i.e., the stracture and especially the function of
the protein is congerved and ot sigoificantly changed by such substitutions. The table below shovs
arming acids which may be substinned for an original amino acid io a protein and which are regarded

a5 conservative amine acid substitucicns.

Original Residoe Cogservative Substitution
Ala Gly, Ser

arg His, Lys

Asn Asp, Gln, His

Asp Asn, Glu

Cys Ala, Ser

Gln Asn, Ghy, His

Glu Asp, Gla, His

Gly Ala

His Asn, Arg, Gln, Glu

e Leu, Val

Leu He, Val

Lys Arg. Gln, Glu

Met Len, Jle

Fhe His, Met, Leu, Trp, Tyr
Ser Cys, Thr

The Ser, ¥al

Trp Phe, Tyr

Tyr Ilis, Phe, Tep

Val Tle, Len, Thr

Conservative amino acid substitations generally maintain (3} the structure of the polypeptide
backbone in the area of the substitution, for example, as 2 beta sheet or alpha helical conformation,
(b} the chargs or hycrophobieity of the molscnle at the site of the substirution, andfor {¢) the bulic of
the side chain.

A “deletion™ refers (o a change in the wmine acid or nucleatide sequence it results in the
ahsence of one or more amine acid residees or nucleotides.

The term “derivative™ refers to a chemically modified polyomcleotide or polypeptide.
Chemical modifications of a polynucleotide can include, for example, replacement of hydrogen by an
alleyl, acyl, bydroxyl, ar amino groop. A dertvative polynueleotide encocles a pelypeptide which
retainy at least one bological or immanologica] funclion of the nalural molecule. A derivative
polypeptide is one modified by glycosylation, pegylation, or any similar process that refains at least
onc biological or imraunological Fanction of the polypeptide from which it wus derived.

A "detecrable [abel” refers to 2 reporter moleculs or enzyme that is capable of generating &

measurable signal and is covalently or noncovalently poined 10 a polynacleotide or polypeptide.
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“Mifferential exprassion” refers to increased or wpregulated; or devreased. downregulated, or
ahsent gene or protein expression, delennined by comparinyg at least twa diffoion samples. Such
comparisons may be carried ont berween, for example, a treated and an untreated wmple, or &
disensed and u normal sample.

A "fragment” js & unigque portion of HPDE or the polynucleotide encodiog EPDE which is
identical in sequence to but sherter in length than the pacent sequenee. A fragment may comprise op
1o the entize length of the defmed sequence, mimms one nucleotide/aming acld residuc. For example,
a fragment may comprise from 3 te 1008 contiguous ouclegtides or amine acld residues. A fragment
used as a probe, primer, antipen, therapentic molecals, or for other purpuses, may be at least 5, 10,
15, 16, 20, 25, 30, 40, 50, &1, 75, 100, 150, 250 oi: af least 300 contignous micleotides or amino acid
residues in length. Pragments may be oreferentiaily selected from certain rezions of a molecule. For
cxample, 4 palypeptide fragment may comprise a certain length of contiguons amine acids selectad
from the first 250 or 500 amino ocids (or fivst 23% or 50%) of a polypeptide as shown in a certain
defined sequence. Clearly these lengthy are exemplary, and any length that is supporied by the
specification, including the Sequence Listing, fables, und figures, way be encompassed by the present
embodiments.

A fragment of SEQ 1D NO:5-8 comprises s cegion of uaique polynucleotide sequance thar.
specifically identifies SI3Q ID NO:5-8, for example. as distinct from any other sequence i the
penome Trom whick the fragment was obtained. A fragment of SBQ ID NO:5-8 15 uscful, for
example, in hybridization and amplification technologics and in analegous methods that distinguish
SEQ ID NO:5-8 from related polynuclsotide sequences. The precise length of i fragment of SEQ ID
M:5-8 and the region of SEQ [ INO:5-8 to which the fragment corcesponds are rentinely
determinable by ene of ordinary skill in the art based un the intended purpese for the fragment.

A fragmeat of SEQ ID NO:1-4 is encoded by a fragment of SEQ [D KO:5-8. A frapment of
SEQ ID NGk i-4 comprises 2 region of unique amino acid sequence that specifically identifies SEQ
D 150:1-4. For example, a fragment of £ [0 NO:1-4 is usefiu) as an imumunogenic pepride for the
development of antibodies that specifically recognize SEQ TD NO:1-4. The precise lengih of a
Fragmenr of SHQ 11> NO:1-4 and the region of SHQ 11D NO:1-4 1o which the fragment corrusponds are
routinely determinahle by one of ordmary skill in the at based on the intended purpose for the
fragment.

A “full lengthy” polynucleotide sequence is one containing at least a translation inftiation
coden (¢.g., methionine) followed by an open reading frame and a translation t5ﬁ1fnalion codan. A
“full length” polynucleatide sequence encodes & “full lepgth” pulypeptide sequence.

“Hemology” refers to sequence simifarity or, interchangeably, seguence identity, between

rwo or more polynucleotide sequences or twe or more polypeptide sequences.

16
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The termns “percont ideority™ and “% identity,” as applied W polynucleatide sequenses, refer
10 the percentage of residue matches hetwecn at least two polynucleatide sequences aligred using a
standardized algorithen. $uch an algorithm may insert, in a siandardized and reproducible way, gaps
in the sequences being compared in order Lo vptimize alignment betweso, two sequences, and
therefore achieve a more meaningful comnparison of the two scquences.

Percent identity berween polynuclectide sequences may be determined ustng the default
parameters of the CLUSTAL V atgorithm as incorparated into the MEGALIGHN version 3.12e
sequence alignment program. This program is part of the LASERGENE software package, a suitc of
meleenlar biclogical analysis programs (DNASTAR, Madison W), CLLUSTAL ¥ is described in
Higpins, D.G. and P.M. Sharp (1989) CABIOS 5:151-153 and in Higgins, D1.G. ctal. (1992) CABIOS
8:189-191. For pairwise alignmoents of polynucleatide sequences, the default parameters are set as
follows: Kiuple=2, gap penalty=5, window=4, and “diagonals saved”=4, The “weighted" residue
weight table ts selected as the default. Percent identity is reperted by CLUSTAL ¥ as the “percant
similarity™ between aligred polynucleotide sequenees.

Alternatively, a svite of commonly used snd freeky available sequence compartson algerithms
js provided hy the National Center for Biotechnology Information (INCBI) Basic Local Alignmen:
Search Tool (BLAST) ¢ Altschul, S.F. et ul. (199G} ). Mol. Biol. 215:403-410), which is cvatlable
from several sources, including the MCBI, Bethesda, M1, and on the Internet at
hitpifwwwenebi.olmnih.gow/BLASTY. The BLAST software suite includes various sequence
analysis prograros including “blastn,” that is used W align u known polyoucleotide sequence with
ather polynucleotide sequences from a variety of databases. Alse availahle 1s a taot called “BLAST 2
Sequences” thal is used for direct pajrwise comparisan of two nucleotide sequences. “BLAST 2
Sequences”™ can be accessed and used interactively =t hnp:/fwww.nubi.nlm.nih.gm’lgurﬁhllht&ﬂ.
The “BLAST 2 Sequences™ tool can be nsed far both blastn and blastp (discussed below). BLAST
programs wre cormmenly used with gap and other parameters set o default settings. Hor example, to
compare twa nucleotide sequences, one may use blastn with the “BELAST 2 Sequenccs” tosl Version
2.0.12 {April-23-2000) set at dofanlt parameters. Such default parameters may be, for example:

Marrix: BLOSEMG2

Feward for match: |

Fenulty fur mismateh: -2

Open Gup: 5 und Extension Gap: 2 penaltics

Gap x drag-off: 52

Eapect: 10

Word Size: 11

Filter: on
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Percent identily may be measured over the length of an cntire defined sequence, for example,
as definect by u particnlar SEQ WD number, or may be ineasuced aver z shorter length, for example,
aver the length of a fragracnt taken from a larger, defined sequence, for instance, a fragment of at
least 20, at keast 30, at teast 40, at least 30, at least 70, at Jeast 100, or ar Least 200 contignows
nucleotides. Such lengths are exemplary oaly, and it is understood that any fragment length
seppotted by the sequences shown hercin, in the tables, figures, of Sequence Listing, may be used 1o
deseribe a length over which percentage identity muy be mcasured.

Nuefeie acid stquences that do ot shaw i high degree of identity may nevertheless encods
sinalar amioe acid sequences due o the dogeneracy of the penetic code. It is understood thal changes
in a sucletc acid sequence can be made nsing this degeneracy to praduce multipls nucleic acid
teqplences that all encode substantially the same protein,

The phrases “percent identity” and “% identity,” as applicd to polypeptide séquunces, refer to
the percentage of residue matches between at lcast two polypeptide sequences zligned using a
standardized algorithm. Metheds of polypeptide sequence alignment are weli-known, Some
uiignment miethods take iple account conservative amiuo acid substitulions. Sech conservative
substtutions, explained in more detail above, generally preserve the charge and hydrophobicity at the
site of substifation, thus preserving the structure (and therefore fonction) of the polypeptide.

Percent identily between pelypeptide sequences may be detenmined using the default
parameters of the CLUSTAL V aigocithim as incorporated into the MEGALIGN version 3.12e
sequence alignment progrum (described nnd referenced above). For pairwise alignments of
polypeptido sequences using CLUSTAL ¥, the defaull parameters are set as fallaws; Ktuple=1, gap
penalty=3, window=5, and “diagonals saved”=5. The PAM250 matrix is selected as the default
residue weight lable. As with polyruclectide alignments, the pereent identity js reported by
CLUSTAL V as the “percent sirnilasity” between aligned palypreptide sequence pairs.

Altermatively the NCBI BLAST software suite may be used. For exarmple, for 4 pairwise
comparison of lwo polypeptide seguences, one may use the "BLAST 2 Sequences™ tool Version
2012 (April-21-2008) with blastp set at defauli parameters. Svch defauit parameters may be, for
example:

Matrin: BLOSUMG2

Open Gap: 1{ and Extension Gup: | penafties

Gup x drop-off: 50

Expeci: 10

Word Size: 3

Flizer: on

Peroent identity may be measured gver the fength of un entire defined polypeptide sequence,
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far exarmpls, as defiped by a particular SEQ 11D nurber, or may be measured aver a shorter kengtis, for
exarnple, over the length of 2 fragment taken frowm a larger, defined polypeptide scquenee, for
instance, a fragment of at least 15, af teast 20, at least 3G, at Jeust 40, at least 50, at least 70 or at least
150 contiguons residues. Such lengths are exemplary only, and it is understood that any fragment
leagth supported by the scquences shown herein, in the tables, figures or Sequence Listing, may be
used to describe a length over which percentage identity may be measired.

“Human artificiz] chromosomes” (FEACs) are linear microchromosomes which may contain
DA sequences of about 6 kb to 10 Mb in size and which contain all of the cloments required for
chromesome replication, segregation and maintenance.

The term “humanized antibody" refecs to an antibody molecule in which the amino acid
sequence in the non-antigen binding regions has been altered sa that the antibody more closely
resembles a human anibady, aud still retains its original binding ability.

“Hybridization™ refers to the provess by which a polynuocleotide strand annezls with a
complementary strand through basc pairing vnder defined hybridization conditions. Specific
bybridization is an jodication (hat two nucleic acld sequences shire a high dogree of complementarity
Specific hybridization complexes form wnder permissive apnealing conditions aod remaio hybridized
after the “washing™ step(s). The washing step(s) is particularly imperiant in determining the.
siringency of the hybridization process, with more stringent conditions allaowing less non-specific
binding, i.e., binding between pairs of pucleic acid swapds that are ot perfectly matched, Pernnssive
conditions for annealing of nucleic acid sequencesy are routinely delerminable by one of vrdinary skill
in the art and may be eonsistent ardong hybridization expegiments, whersas wash condirions may be
varied anong experiments to achieve the desired stingency, and therefore hybridization specificity,
Permissive anaealing canditions oceur, for example, at 68*C in the presence of ahout & x S5C, wbout
196 {wiv) SDS, and about 102 pg/ml sheared, denatmred salmon sperm DINA.

Generally, siringency of hylwidivation is expressed, in part, with reference to the temperature
under which the wash step is carvied out. Such wash temperalures are typically selected to be abont
5°C to 20°C lower than the thermal melting point (T, ) for the specific sequence at a defined tonic
strength and pIf. The T, is (he tempersture (onder defined ionic strength and pH) at which 30% of
the karget sequence hybridizes (o a perfectly matched probe. An equation for caleulating T, and
conditions for nucleic acid hybridization are well known and can be found in Sambrock, J. et al.
(19891 Molecolar Cloning: A Lubgratory Manual, 2 ed., vol. 1-3, Cold Spring Harber Press,
Plainview INY: specifically see volume 2, chaprer 9.

High stringency conditions for hybridization betvaen polynucleotides of the present
invention include wash conditions of 68°C in Lhe presence of about (.2 X S3C and about 0.1% SDS,

for 1 hour, Alternatively, temperatures of about 65°C, 68°C, 35°C, or 42°C may be usad. S$SC
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concentration may be varied from about 0.1 ta 2 X 8SC, with 5DS being present at aboul 0.1%.
Typically, bocking reagents ate used 1o block non-specific hybiidization. Such blocking reagents
inclode, for instance, sheared and denatored salmon spenn DNA, ac abour 100-200 pgfml. Orgamic
salvent, such as lormamide at a concentration of about 35-50% v/v, may also b used nnder particnlar
citcumsrances, such as for RNA:DNA hybridizations. Uscful variations on these wash conditions
will be readily apporent to those of ardinary ckill in the aet. Flybridizarion, particularly under high
stringency conditions, muy be suggestive of cvolutionary similarity between the nuelectides. Sush
similarity is strongly indicative of 2 similar role for the nucleotides and their encoded polypeptides.

The term “hybridization complex” refers to a complex formed between two nucleje acid
sequences by virte of the formation of hydrogen bunds between compleruentary bases. A
hybridization complex may be formed in solution {c.g., €t or Ryt analysis) or fonmed between one
ancleie acid segnence present io solution #nd imother nucleic wwid sequence immebilized ov a solid
support (e.g., paper, membranes, filters, chips, pins or glass slides, or any other appropriots substrate
to which celis or their nucleic acids have been fixed}.

The words “insertion” and “addition” refer (o changes io an armino acid or nucleotide
sequence resulting in the addition of one or more amine acld residues or nuclestides, respectively.

“Immunc response™ can refor to conditions associated with inflammation, (ravma, immune
disorders, or infectious or genatic disease, etc. These conditions can be characterized by cxpression
ol varinuy Factors, ¢.g., cytokines, chomokines, and other signaling molecyles, which may alTect
ccliular and systemic defonse systoms.

An "immunogenic fragment” ts a polypeptide or oligopeptide fragment of HPDE which is
vapable of gliciting an immuos response when introduced into a liviog crgamism, for example, a
mammal, The ferm "“imomoogenic Fragment” alse includes any polypeptide or ofigopeptide fragment
of HPDE which is usefu! in any of the antibody production methods disclosed herein or known i the
art.

The tarm “micraziray” refers to an arrangement of 2 plurality of pelymicletides,
polypeplides, or other chemical compounds on a substrate.

The terms “clement” and “array element” refer fo & polynucleatide, polygeptide, or other
chemical compound having a unique and defined position on a microarmay.

The term “modulate” refers to a change in the activity of HEDE. For example, modulation
may tause an inciease or a decrease in protein activity, binding characteristics, or any other
bilogical, functional, or immunelogical properties of HPDE.

The phrases "nucleic acid” and “nucleic acid sequence” refer to a nucleotide, oligonucleotids,
polynucleotide, or any fragment thereof, These phirases also refer ko DMA or RNA of genomic ot

synthetic origin which may be single-strandedt or doublc-stranded and may represent the sense or the
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antisense strand, to peptide nucleic acid (PNA). or to any DINA-like or RNA-like material.

“Oparably Jinked" refers w the situation in which a first nucleic acid sequence is placed in a
funetional relaticuship with & second mueleic acid sequence. For instance, a promoter is operably
linked ta 2 coding, sequence if the promoter affects the transeription or cxpression of the coding
sequence. Operably linked DNA sequences may be in close proximity or contiguous and, where
necessary f join two protein coding regions, in the same reading frame.

“Peptide pucleic acid” {FNA) refers to an antisense molecule or anli-gen agent whicl
comprises m oligenueleotide of at least about 5 nucleotides in Length linked to a peptide backbons of
amine acid residues ending in tysine. The terminal Lysine confers solubility to the composition.
PNAs preferentially bind complementary single stranded DNA or RNA znd slop irnscrip
clongation, and may be pegylated to extend thear lifespan in the coll.

“Post-trans{ational modificatien” of an HPDE may invelve lipidation, glycosylution,
phosphiorylation, acetylation, racemization, proteolytic cleavage, and other modifications known in
the art. These provesses may occur synthetically or biochemically. Biochemical madlifications will
vary by cell type depending on the enzymatic miliew of HPDE.

"Prabe" refers (o nucleic acid saquences encoding IIFDE, their complements, or fragments
thereof, which are used to detect identical, allelic or related nucleic acid sequences. Probes are
isolated oligonucleotides or pelynucleotides altactied to 2 detectable label or reporter molecule.
Typical labels include radioactive isgtopes, ligands, chemiluminescent agents, and enzymes.
“Primers” ote shott nucleic acids, usually DINA oligonucleotides, which may bo anacaled to a target
polynucieotide by complementary base-pairing. The primer may then be extended along the target
DHNA strand by a DNA, polymerase enzyrme. Primer pairs can e used for amplification (and
jdentification) of & nucleic acid sequance, o.g., by the polymerase chain reaction (PCR}.

Probos and primets as vsed in the present invention typically comprise at lzast 15 contigneus
nucleotides of a known sequence. In oxder to enhance spetificity, longer probes and primes may alse
bz employed, such as probes and primers that comprise at least 20, 235, 30, 40, 50, 60, 70, 80, 90, 100,
ar at least 150 consecutive nucleotides of the disclosed nucleic acid sequences. Probes and peimors
mizy be considerably longer than these examples, and jt is understood Uhat any leagth supported by the
specification, includmg the tables. figures, and Scquence Listing, may be used.

Methods for prepaning and using probes and primers are described in the references, for
examplo Sambrook, I ot al. (1389) Molecular Cloning: A Labaratory Manual, M ed,, vol. 1-3, Cold
Spring Harbor Press, Plainview NY; Ausubel, F.M. et al. (1987) Carrent Protocols in Molecular
Biology, Gregne Pobl. Assoc. & Wilsy-Intarsciences, New York NY; Tnnis, M. etal. (1990} PCR
Protacols, A Guide to Methods and Applications, Academic Press, San Diego CA. PCR primer patrs

can be derived from 2 known sequence, for example, by using computer programs intcuded for that
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purposa such as Primer (Varsion 0.3, 1991, Whitehead Instinnts for Biomedical Research, Cambridge
MA).

Dligonucleotides for use as prisers are sclected using software kinown in the ast for such
purpose. For example, OLIGO 4.06 software is useful for the selection of PCR prirer pairs of up te
100 nucleotides each, 20d for the analysis of oligonucleotides and larger potynueleotides of up to
5000 nuclectides from an input polynucleotide scquence of up to 32 kilobases. Similar priner
selection programs bave incorporated additional features for expanded capabilities. Tor sxample, the
PrunOU primer selection program (aveilable to the public froro the Genome Center at University of
Texas South West Medical Center, Dallas TX) is capable of choosing specific primers from
megubase sequences and (s thus ussful for designing primers ou a genome-wide scope. The Primer3
primer selection program {available lo the public frem the Whitehead Institute/MIT Centes for
Genoroc Rescarch, Cambridge MA} allows the user to inpur a “mispriiing iibrary.” in which
seguences 1o avoid as primer binding sites ave wser-specified. Pritoer3 i nsefvl, in particnlar, for the
selectica of oligonuclootides for micvoarrays. (The source code for the lalter two primer selection
programs may also be ohiained from thedr respestive seurccs and modified to mest the user’s specific
neads.) The PrimeGen program favailable to the public from the UK Human Genome Munping
Project Resource Centre, Carobridge UK) designs priners based on multiple segrence alignments,
thershy aliowing selection of primers that hybridize t either the most conserved or least conserved
regrions of aligned nucleic acid sequences. Hence, this program s useful for identification of both
wnique apd conserved aligonucleatides and polynucleotide fragments. The eligosgelootides and
polynucleotide fragments identificd by any of the ahove selection methods are useful in hybridization
technolopres, far example, as PCR or sequencing primers, wicraasray elements, or specific prabes to
identify fully or partially complementary polynucleotides in & sarpple of nueleic acids, Methods of
cligonacleotide selection ars not Limited to those described shove.

A “recombinant nncleic acid” is a soqnence that is not naturally ocenrring or has a sequence
that is made by an artificial combination of two or more otharwise separated segments of sequence,
This atificial combination is often accemplished by chermical synthesis or, more commonly, by the
artificial maniputarion of tsolated segments of nucleic acids, e.g., by genetic enginecring rechniques
such as those described in Sambrook, supra. The term recombinant includes nucleic acids that have
heen altered solely by addition, substitntion, or deletion of o portion of the nucleic acid. Frequently, a
recambinant nuclele acid may include a nucleic acid sequence operably linked to a promoter
sequence. Such 2 recombinant aneleie acid may be part of 2 veckar Lhat is used, for cxample, Lo
transtorm & cell.

Alterratively, such recombipant nucleic acids may be part of a viral vector, e.g., based on a

vaccinia virus, that coukd be use Lo vaceinate 2 mammal wherein the recombinant nucleic acid is
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cxpressed, inducing a protective immupological response in lh;: roasmnal.

A “regulatory element™ refers io a nucleic acid sequence usually derived from watranslated
regions of a gene and includes enbapcers, promoters, intrens, and 5'and 3' untranslated regions
(UTRs). Repulatory elements interact with host or viral proteios which control transeription,
trumslation, or RNA stability.

“Reporter molecules™ are chemical or biochemical motetiey nsed For labehing a nucleic acid,
aming acid, or antibody, Reporter nxlecules inelude radionuelides; enzymes, fluotescent,
chemiluminescent, or chromogenic agents; substrates; cofactors; inhibitors; magnetic particles; and
other moielies known in the art.

An “RNA equivalent,” in reference to a DNA sequence, is conaposed of the same lincar

i

q of asther I3NA sequence with the exception that all oceurrences of the
nitrogenons base thymine are replaced with uracil, and the sugar backbone is composed of rihose
instead of deoxyribose,

The term “sumple™ is used {n ity broadest sense. A sarople suspected of containing HPDE,
nucleic acids encoding HPDE, or fragments thereof may comprise a badily fluid; an exteact from a
cell, chromosome, erganelle, of membrane isalated from a cell; a cell; geneniic DNA, RNA, or
cDMA, in solution or bound to o subsirale; a lissoe; o lissue print; ete.

The tecms “specific binding” and “specifically binding” refer to thar interaction berweon a
protein ot peptide and an agonist, an antibady, an antagonist, a smmall 1olecule, or suy natural or
synthetic binding composition. The interaction is dependent upon the presence of o parifeular
structure of the pratein, e.g., the antigenic determinant of cptiope, recopnized by the binding
molecute. Far example, if an antibocly is specific for epitope “A," the presence of a polypeptide
compyising the epitope A, or the preceace of free unlabeled A, in a reaction conlaining free labeled A
and the antibady will reduce the amount of labeled A that binds te the antibody.

The term “substantially puritied” refers 10 muicleic acid or amino acid seyuences that are
removed from their ngiural environment and are isolated or separated, and are at least G0% free,
preferubly at least 75% free, and wost preferahly at Jeast 90% free from other components with which
they are naturally associated

A “substitution™ refers 1o the replacement of one or mere amine acid residues or mcleotides
by different amino acid residues or nucleotides, respectively.

“Substrate” refors (o any suitable rigid or semi-rigid support including membranes, filters,
chips, slides, wafers, fibers, magnetic or nonmagnetic beads, gels, wbing, plares, polymers,
microparticles and capillaries. The substrate can have a vadety of surface forms, sach ag wells,
frenches, pins, channels and poree, to which polynucleotides or polypeptides are bound.

A “ranscript image” refers to the cellective pattam of zene expression by 2 particular cell
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type or tissue under given conditions at 4 given time.

“Transformatton” doscribes 4 process by whichk exogenous DNA is introduced into a recipient
cell. Transformation may occur woder natural or artificial conditions according to varipug methods
well known in the arl, and may rely on any known methad for the insertion of {ureign mecleic acid
sequences into a prokaryotic or enkaryotic bost cell. The wethod for transformation is sclected based
an the type of bost cell being transformed and may include, but is not limited te, bacteriophage or
viral infection, clectroporation, heat shock, lipofection, and purlicle bombardment. T'he torm
“transfonned cells” includes stably transformed cells in whick the inserted DNA is capable of
replication either as an auronomeusly replicating plasmid or as part of the host chromoseme, as well
as transiently transformed cells which express the inserted DNA or RNA for Hmiled periods of time.

A "rapsgenic organism,” as used herein, is any organism, inclading but not limited to
animals and plants, in which one or more of ihe celfs of the organism contains heterologouns nucleic
acid introdueed by way of humarn mtervention, such as by transgenic techniques well knowp in the
art, The ouclei: acid is mtroduced into the cell, directly or indimectly by inteoduction inte a prececsor
of the cell, by way of deliberaie genetic manipulation, such as by microinjection or by infection with
& rocombinant virus, The tenmn gonetic manipulation does oot include classical cross-bresding, or iy

viteg fertilization, Lt rather is dicected to the introduction of a recombinant DN A molecale. The

transgenic organisms conternplated in accordanes with the present invention include bacteria,
cyanobacieris, fungi, plants and animals. The isclated DNA of the present invention can be
introdused into the bost by methods known in the art, for example infection, transfestion,
transformation or transconjugation. Techniques for transferring the DINA. of the present invention
into such organisms wre widely known and provided in reforences such as Sambraok et al. {1989},
supra.

A “variant” of a particitlar nucleic acid sequencs js defined as a nucleic acid sequence having
at least 40% sequence identity to the particular nucleic actd sequence over & certain length of one of
the nocleyc acid sequences using blastn with the “BLAST 2 Sequences” tool Version 2.0 9 (May-i7-
1959) set at default parameters. Such a pair of nuclelc acids may show, for example, ot least 50%, at
least 60%, at lenst 70%., ot least RO, at least 83%, al least 90%, at least 91%, at least 929, ut leust
93%, at least 94%, at least 5%, at least 96%, at least 97 %, at least 98%, or at least 99%: or greater
sequence identity over a certuin defined length. A variant may be described as, for cxample, an
“allelic” fas dofined abovc), “splice,” “specics,” or “polymorphic™ variant. A splice variant may have
significam identity to @ reference molecule, but will generally have a greater or lesser number of
polynucleotides due to altemative splicing of exons during mRINA processing. The carresponding
polypeptide may possess additional functionat domains or leck domuins that ate prosent in the

reference molecule. Species variants ace polynucleotide sequences that vary from ane species to
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another. The resulting polypeptides will geuerally biave significant amine acid identity relative (o
cach other. A polymorphic variant is & variation in the polynucleatide sequence of & purticular gene
hetween individuals of a given species. Polymorphic varianis also may encompass “sitgle nuclestide
polymorphisms” (SMPs) in which the polyoucleatide sequence varies by one nucleatide base. The.
prosence of SNPs may be indicative of, for example, a certain population, a disease state, or a
propensity for 2 disesse state.

A “yariant” of a pacticolar polypeptide sequence s defired az 2 polypeptide sequence having
at least 40% sequence identity to the perticular polypeptide sequence over s certain length of o of
the polypeptide sequences using blastp with the "BLAST 2 Sequences” ool Version 2.0.9 {May-07-
19997 set at default parameters. Such a pair of polypeptides may show, for example, at least 50%. at
Jepst 60%, ot least 70%, at least 80%, at least 90%, ar lewsy 9145, at Icast 92%, at least 939, at least
B4, at least $5%, at least $6%, at least 97%, at loast 98%, or at beast 99% or preater sequence

ilentity over a cortain defined length of one of the polypeptides.

THE INVENTION

The invention is based on the discovery of new human phosphadiesterases (HPDE), the
polynuclectides zncading YIPDE, and the wse of these compositions for the diagnasis, teeatment, or
prevention of eye, neurclogical, cardiovascular, eelf profiferative, and antoimmue/inflarmmatory
disorders.

Table 1 semmarizes the nomenclature for the full leagth polynucleatide and polypeptide
sequences of the invention. Each pulynucleolide and its corresponding pulypeptide are corelated to 2
single Incyte project jdentitication nurnber (Incyte Project 1D). Each polypeptide sequence is denoted
by both a palypeptide sequence identification mamber {(Polypeptide SEQ ID NC} and an Incyle
polypeptide sequence number (Tacyte Polypeptide [0} as shown. Fach palynucicotide sequence is
denoted by both 2 polynucleotide sequence identilization number {Palynuetcotide SEQ ID NC:) and
28 Incyte polynucleotide conscusus sequence number (Incyte Polynucleotide T3 g5 showt.

Tablc 2 shews sequences with homology to the polypeptides of the invention as identified by
BLAST analysis against the CGenBank protein {genpept) database. Columns 1 and 2 show the
pulypeptide sequence identification number {Polypeptide SEQ ID NO:) and the corresponding Incyte
polypeptide sequence number {Incyte Polypeptide ID) for polypentides of the invention. Column 3
shows the GenBank identification murnber (Genbank 1> NO:) of the nearest GenBank humelop.
Column 4 shows the prubithility scorc for Lhe match between cach pulypeptide and its GenBank
hemolog. Calwmn 5 shows the anmotation of the GenBank homelog.

Table 3 shows various stuctural featares of the polypeptides of the invention. Columns [ and

2 show the polypeptide sequenee identification number (SEQ ID NO:) and the corssponding Incyte
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polypeptide sequence number (Ineyte Polypeptide 1) for 2uch pelypeptide of (he tnvention. Calamn
3 shows the number of amino acid residues in each palypeptide. Colum 4 shows polential
phosphorylation sites, and column 5 shows porential glyeosylation sites, as detenmined by the
MOTIFS program of the GCG sequence analysts software package (Genetics Computer Group,
Madison WI). Calurnn 6 shows amine acid residnes comprisiag signature sequences, domains, and
motifs. Column 7 shows analytical methads for protein stuctre/function analysis and in some cases,
searchable databases to which the analytical metheds were applied.

Together, Tables 2 and 3 summarizs the propertics of palypeptides of the invention, and these
properties establish that the claimed polypeptides are phosphodiesterases. Far example, SEQ ID
NC:1 is 929 identical to mouse PDETB {GenBank ID 56694239} as delermined by the Basic Local
Aligriment Search Tael (BLAST). (Sce Tabie 2.} The BLAST probability scare is %.0e-213, which
indicates the probability of ebtaining the observed polypeptide sequence alignment by chunce. SEQ
ID INCx T also contains a 3,5 cyelic nocleotide phosphodiesterase dormain as determined by ssarching
for statistically siynificunt matches in the bidden Markov model (HMM)-bazed PFAM database of
conserved prodein family domains. (See Table 1)) Data from PROFILESCAN and BLIMFPS analyses
pravide further corroborative evidence that SEQ D NO: ] is a 315 cyclic nuc(eatide
phosphodiesterase, I an alternative exanple, SEQ ID NO:2 is 65% identical ta rmouss PDES
(GenBavk ID 21347863} as determined by the Basic Local Alignnent Search Tool (BLAST). (See
Table 2.) The BLAST probability score is 5 3¢-284, which indicates the probability of obtaining the
vbserved polypeptide sequence alignment by chance. SEQ D NO:2 also contains a 3,5 cyclic
nucleotide phosphodiesterase domain as determined by searchimg for statistically significant matches
in the bidden Markov model (BMM)-based PFAM database of censerved protein family demains.
(Sce Table 3.) Data from PROFILESCAN, MOTIFS, and BLIMPS unalyses provide further
corroborative evidence that SEQ ID NO:2 is 2 3°5° cyclic nucleotide phosphodiesterase.

Tn an alternative exampls, SEQ ID NO:3 ix 35% identical to Deinococcus radiodurans
glycerephosphoryl diester phosphodiesterase (GenBank 11D g6439876) as determinad by the Basic
Local Alignment Scarch Toel {BLAST). (Sce Table 2.3 The BLAST probability score Is 2.3e-12,
which indivates the probability of oblaining the observed polypeptide sequence alignment by chance.
Data from BLIMPS and BLAST analyses provide further cortohorative evidence that SEQ 1D NO:3 s
a glycerophosphoryl diestec phosphediesterase which hydrelyzes deaceiylated phospholipid
glycerophosphadicsters to produce sn-glycerol-3-phosphate and an aleohol. (See Table 3.

QD NCr4 fs 33% identical to a thale cress meleotide-
prrophosphitase-like profein (GenBank T 5123564} as determined by the Basic Local Alipnment
Search Tool (BLAST). {See I'sble 2} The BLAST probability score is 4. 7e-50, which indicates the
probability of obtaining the observed polypeptide sequence alignment by chance. SEQ ID NO'4 also

I am alrernative example, 3
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contans a type I phosphodicsterase doroain as determined by scarchiog for statistically significant
narches in the hidden Markov reodel (ITVIM)-based PHAM database of conserved proteio family
domains. (Sec Table 3}. Data from BLAST analyses against the PROIDOM database provide further
corroborative evidence that SEQ D NO:4 is 2 nuclectide phosphodiesterase. The algorithins and
parzmeters (o Lhe analysis of SEQ D NC:1-4 are described in Table 7.

As shown io Table 4, the full length polynucleatide sequences of the present invention were
agsermbled using cDNA sequences or coding {exon) sequences derived front genomic DNA, or any
combination of these two types of sequences. Colomns 1 and 2 list the polynuclzoride sequence
identification number (Polynucleotide SEQ ID NO:) and the corresponding Incyie polynucieotide
consensus sequence aumber {Incyte Polynuclectide IDY) for cach polynucleotide of the invention.
Column 3 shows the length of each polynucleatide sequence in basepairs. Columm 4 lises fragments
of the polynucleotide sequences which are useful, for exumple, in kybridizaton or amplificalion
teehnnlogies ihat identify 8EQ 1D NO:5-8 or that distinguish between SEQ 1D NO-5-8 and related
polynucleotids sequences. Column 3 shows idenlification numbers corresponding to cDNA
sequences, coding sequences (exoms) predicted from genomic DNA, and/or sequence assemblages
comprised of both cDNA and genomic IXNA. These sequences were used to assemble the Tull length
polynucleatide sequences of the invention. Columns & and 7 of Table 4 show the nucleotide start (57
and stop (3°) positions of the cDMA andlor genomic sequences in column 5 relative to their respective
ful! length sequences.

The identification nwnbers in Column 5 of Table 4 may refer specifically, for cxample, to
Incyte cDMNAs along with their comesponding cDNA libraries. For example, 1384207H1 ix the
wdenbfication number of an Incyte ¢DMNA sequence, and BRAITUTOS 15 the cDNA libeary from
which it is decived. Incyte cDNAs For which cDNA libearies are not indicated were dexved from
povled ¢DNA libraries (e.g., 71123761 V1), Alternatively, the identification mzmbers in cobuinn 3
may rofer to GenBank ¢cDNAs or ESTs which contributed to the assembly of the foll langth
polymucleotide sequences. Allernatively, the identification numbers in column 5 may refer to coding
regions predicled by Gensean analysis of genomic DINA. 'The Genscan-predicled coding sequences
may have been edited prior 1o asserobly. (See Example IV.) Altsmatively, the identiftcation numbers
in coluon 3 may refer to assemblages of both <DNA and Genscan-predicted exons brought togsther
by an “exon stitching” algorithm. (See Example V.) Alternatively, the identification mumbers in
colutnu 5 may refer 1o assemblages of both tDNA and Genscan-predicled exens brought together by
an “exon-stretching™ algorithm. {Scc Example WV} In some cases, Incyte cDNA coverage redundant
with the seqnence coversge shown in colune 5 was obtained to couficm the final consensus
polynucleotide seguence, bul the relevimt Tncyte cDNA. identification numbers are not shown.

Table 5 shaws the representative cDNA lbraries for thoss full length polynucleatide
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sequences which were assembled using Ineyte ¢DNA seguences. The representative cIDNA library is
the Tncyte eDNA. library which is most frequemly represented by the Incyte cDNA sequences which
were used to assernble and confirm the above polynucleotide sequences, The tissues and vectors
whiclh were nsed 1o construet the ¢cDNA libraries shewn in Table 3 are described in Table 6.

The invention also encompasses HPDE variants. A preferred HPDE variant is one which has
at least about 80%:, or alternatively af least about 90%, or aven at [east about 95% aroino acid
sequence identity to the HPDE amine acid sequence, and which contains at [oast one fanctional or
striciural characteristic of TTIPDIZ,

The tnvention zlso encormpasses polynucleatides which encade HPDE. in a particular
embodiment, the invention encommpasses 2 polynucleotidc scquence comnprising a seruence selected
frem the group consisting of SEQ ID NO:5-8, which encodes TIPDE. The polynucleotide sequences
of SEQ 10D NO:5-8, as presented in the Sequence Listing, embrace the equivalent RNA sequences,
whercin ocevoeoces of the nitrogenous base thymine are teplaced with uracil, and the sugar backbone
is compased of ribose instead of deoxyribose.

The tnvention alse encompasses a variant of a polynucieatide sequence encoding HPDE. Tn
particular, such a variant polytuclectide sequence will bave at Jeast about 78%, or alternatively at
least aboul 85%, or even at least about 5% polynucleciide sequence identity to the polyruclectide
sequence creoding HPDE. A particnlar aspect of the inverttion encompasses a vaniant of a
polynucleotide sequence comprisiog i sequence selected rom the group ceonsisting of SEQ IN NO.5-
8§ which has at least about 709, or alternatively at least about 85%, or even at leust about 95%
polynucleotide sequence identity to a nnclelc acid sequence seleeted from the group consisting of
SEQ IND NO:5-8. Any ome of the polynucleotide variants described above can encode an amino acid
sequence which contains at least one functional or structaral charactenslic of HPDE.

I wilf be appreciated by those skilled in the arr that as a result of the degencracy of the
genetic code, a multitude of polynucleohide sequences encoding HPDE, some bearing minimal
signilarity to the pelynucleotide sequences of any known and vatocally cccurring genc, may be
produced. Thus, the invention contemplates each and every possible vadation of pelynucleotide
sequence that conld be rade by seleciing combinations based vn possible coton choices. These
combinations arc made in accordance with the standard triplet genetic code as applied to the
palynucleotide ssquence of naturally occurring HPDE, and all such variations are to be considersd as
bring specifically disclosed.

Although nuclectide sequences which encode HPIDE and its variants are generally capable of
hybridizing to the nucleotide sequence of the naturatly accurring HEDE under appropnately selected
conditions of stringency, it may be advantageous o prodoce nucleotide sequences encading HPDE or

its derivatives possessing a substantiaily different codon usage, ¢ £.. inclusion of non-narwrally
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occurring codous. Codans may be selected Lo tnorease the rate at which expression of the peptide
oconrs in a particular prokaryotic ar eukaryotic host in accordance with the froquency with which
particular codons are ntilized by the host. Otber rzasens for substantially altering the nucleatide
sequenice encoding EPDE and its derivatives wilhout wliering the encoded amino acid sequences
include the preduction of RMNA teanscripls having morce desirable propertics, such as a greater
half-fife, than transeripts producad from the naturally ocenrring sequence.

The invention also vncompasses production of DNA sequonces which cocode HPDE and
TIPDE decivatives, or ragments thereof, catirely by synthetic chemistry. After productinn, the
synthetie sequence may be inserted into any of the many available expression vectors and cell
systems using reagents well known in the art. Moreover, synthetic chemistry may be used 1o
introdnce mutations into 2 sequence enceding HPRE or any fragment thercof.

Also encompassed by Uhe iuvention are polynucleotide sequences that are capable of
hybridizing te the claimed polynucleotide scquences, and, in particular, to those shown in SEQ 113
N:5-8 and Fragments thercot under various conditions of stringeocy. (See, c.g., Wahl, GM. and
5L Berger (1987) Methods Enzymoi. 152:389-407; Kimi-ml, AR (1957) Methods Enzymel.
132:507-511.) Hybridization conditions, iucluding anncaling and wash condiiions, are described in
“Definitions,”

Mothods for XA sequencing are well known, in the art and may be used to practice any of
the embodiments of the inveniien. The methods may employ such enzyies as the Klenow fragoent
of DNA polymerase I, SEQUENASE (US Biochemical, Cleveland OH), Tag prlymerase (Applied
Biosystems), thermastable T7 polymerase (Amersham Pharmacia Biotech, Piscataway NI, or
combinations of polymerases and prooiteading exonucleases such as those fouod in the ELONGASE
amplifieation systean (Life Technologies, Gatthersburg M13). Preferably, sequence preparation is
wutomated with machines such as the MICROLAB 2200 liquid teansfer syster (Hamditon, Reno NV,
PTC206 thenmal cyeler (MJ Research, Watertown MA) and ABICATALYST 800 thermal cycler
{Applicd Biosystems}. Sequencing is then carricd out using sither the ABI373 or 377 DNA
sequencing system (Applicd Biosystems), the MEGABACE 1000 DINA sequencing system
(Maolecular Dynamics, Sunnyvale CA), ot otber systems known in the art. The resulling sequences
are analyzed using 2 variety of algorithms which are well known in the art. (See, &2, Ausubel, F.M.
{1997) Short Protocols in Molecular Biology, loht Witey & Sons, New York NY, mit 7.7, Meyers,
B A. (1895) Molecplar Biology und Bictechnology, Wiley VCH, New Yok NY, pp. 856-853.)

‘I'he micleic acid sequences encoding HPDE may be extended utilizing a partial nncleotide
sequence and emiploying various PCR-besed methods known in the art to detect upstream sequences,
such as promoters and regolatory elements. For example, one method which may be emploved,

restriction-site PCR, uses wniversal and pested prirers to amplify vilknewn sequeace {rom geoomic
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1DNA within a cloning vector. {See. e.g., Sarkar, G. (1993) PCR Metbods Applic. 2:3{8-322)
Another method, inverse PCR, nses primers that extend in divergent directions te ampiily unknown

sequence from a cireulurzed templete. The emplate b derived fror restriction fragments comprising

a known g ic locus and surr ling sequesiees. (See, ¢.g., Triglta, T. et al. (1988) Nucleic Acids
Res. 16:3186.} A third merhod, capmre PCR, involves PCR amplification of DINA fragmonts
adjacent to knows sequences in human and yeast antificial chronosome DNA. {Ssc, e.g., Lagerstrom,
M. et al. {1991) PCR Wethods Applic. 1:111-019) In this method, multiple estriction enzyme
digestions and ligations may be used 1o insert an enginsersd double-stranded sequence into a region
of unknown sequence before performing PCR. Other methods which may be used to refrieve
unknown sequeitces are knowsn in the art. (See, e.g., Parker, J.D. et al. (1991) Nucleic Acids Res.
12:3055-3060). Additiemally, one raay use PCR, nested primers, and PROMOTERFINDER libraries
{Clentech, Pala Al CA) te walk genemic DNA. This procedure avoids the seed to screen lbraries
and is useful in finding intronfexon juncrions. For all PCR-based methods, primers mauy be designed
using sommetcially available soitware, such as OLIGC 4.06 primer anakysis sofrware (Nutional
Biosciences, Plymouth MN) or another epproprinic program, to be about 22 to 30 nucleotides in
length, to have a GC content of about $0% or more, and to anneal ro the template al temperatures of
ahout 68°C 10 T2°C.

When screening for full length cDNAs, it iy preferable to nse libraries that have heen
size-selected to include larger cONAs. In addition, randoin-primed libraries, which often include
sequences cantaining the §' rogions of genes, are preferable. for situations in which an olige &(T)
library deos pot yield a full-length ¢cDNA., Genomic libraries may be usefut for extension of sequence
into 5" non-transcribed regulatory regions.

Capillary elestrophoresis systems which are commercizlly available may be used to analyze
the size or confirm the nucleotide sequence of sequencing or PCR products. In particular, capitlary
sequencing may employ [owable polymers for electrophoretic separation, four differsnt nuclectide-
specific, laser-stimnlated flnatescent dyes, and a charge coupled device camera for detection of the
emitted wavelengths. Oucpuelight imensity may be converted 10 elecirical signal using appropriatc
software (e.g., GENOTYPER and SEQUEMCE NAVIGATOR, Applicd Bivsystems), and the entire
process from loading of samples to computer analysic and electranic data display may be computer
controlled. Capillary electrophoresis is especially preferuble for sequencing small DNA fragments
which may be present in Jimiied amounts in a particular sumple.

In another embodiment of the invention, palynacleotide sequences or fragments thereof
which encade HPDE may be cloned in recombinant BNA molecnles that dicect expression of HPDE,
or fragments or functional equivalents thereof, in appropriate host cells. Due to the inherent

degeneracy of the genetic code, other DNA sequences which encode substantially the same ora
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fometionally equivalent aming acid sequence may be produced and wsed to express HPDE.

The nuclestide secuences of the present invention can be enginezred using methods genscally
laown in the art in order to alter HPDE-encoding sequences for a vartety of purposes including, but
not limited to, modification of the cloning, processing, andfor expression of the gene product. DNA
shuftiing by random fragmentation and PCR reassesmhly of gene fragments and synthetic
oligonucleotides may be used to engineer the nuoleotide sequences. For sxample, sligonucleatide-
mediated site-directed oatagenesis may be used to introduce rmitations that create new restrichion
sites, alter glycosylation patrerns, change codon preference, prachice sphice vanants, and so fort,

The nueleotides of the present invention may be subjected to DNA shuffling lechnigues such
as MOLECULARBREEDING (Maxypen Inc., Santa Clara CA; deseribed in U.S. Patent Number
5,837, 458; Chang, C-C. ct al. ([9%9) Nut, Biotechnol. 17:793-797, Cluistians, F.C. cf al. {1999) Nat.
Biotechpol. 17:259-264; and Crameri, A. et al, (1966) Nat, Biotechnol. 14:315-319) ta alter or
impreve the biological properties of HPDE, such as its biological ar enzymatic activity or its ahility
to bind to other molecales or compounds. DNA shuffling ix a process by which a lbrary of gene
variants is produced using PCR-mediated recambination of gene fiagments. The library 5 then
subjected to selection or screening procedures that identify those gene variants with the desired
properties. These preferred variants may then be pnoled and further subjected to recursive rounds of
DA shuffling and selection/screening. Thas, genetic diversity Is ercated throegh "artificial”
breeding and rapid moleenlar evelation. For example, fragments of a single gene containing random
point mucations may be recombined, sereened, and then reshuffled until the degired propertizs are
optimized. Allernatively, fragments of a given gene may be recombined with fragmants of
homelogous genes in the same gene family, cither from the same or different species, thereby
maximizing the genctic diversity of imultiple natueally oceurring genes in a directed and controllable
mannes.

In another embodiment, sequences eocoding HPDE way be synthesized, io whole or in pat,
nsing chemical methods well known in the act. (See, e.g., Catuthers, MLH. ¢t al. (1939) Nucleic Acids
Symp. Ser. 7:215-223; and Born, T. et al. {1980) Nucleic Acids Symp. Ser. 7:225-232.)
Alternatively, HPDE sself or a fragment theteof may be synthesized using chemical rethads. For
example, peptide synthesis can be performed using vartous solution-phase ot solid-phase wehniques.
{See, e.g., Creighton, T. (1984) Proteins, tructures end Molecular Properties, WH Freeman, New
Yark NY, pp. 55-6); and Roberge, LY. et al. {1993} Science 269:202-204.) Autormated synthesis
may be achieved using the ABT431A peptide synthesizer (Applied Biosystems). Additionally, the
amine acid sequence of HPDE. or any part thereof, may be altered during direct synthesis andror
combined with sequences from ather proteins, or any part thereaf, to produce & variant polypeptide or

a polypeptide having a sequence of a natarally occurring polypeptide.
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The peptide way be substantially purified by preparative high perlormance liquid
chromaragraphy. (See, e.g., Chiez, R.M. aud F.Z. Regnier (1990) Mcthods Enzymoal. 182:392-421.)
The camposition of the synthetic peptides may be confioned by amine acid analysis or by
sequencing. (Ses, e.g., Craighton, suprs, pp. 28-33.)

In order to express a hiologically active HPDE, the nuclcatidc'seque-nccs cncading HPDE or
derivalives thereof may be inserted into an appropriate expression vector, i.8., a vector which contains
the mecessary elements for transcriptional and transtetional contrel of the inscrted coding scquence o
a suitable host. These elements inclede regulatory sequences, such as cnhanecrs. constitutive and
indueible prometers, and 5 and 3 unzanslated regions in the vector and in polynucleotide sequences
encoding HPDE. Such elements may vary in their sirength and specificity. Specific injtiation signals
may also be used to achieye maore efficient translation of sequences encoding HPDE. Such signals
include the ATG initiation codon and udjucent sequences, e.g. the Koxak sequence. In cases where
sequences encoding FPDE and its initiation codon und upstream regulatory sequences are insertcd
into the appropriate expression vector, no additional transcriptional of translatianal control signals
may be peeded. However, in cascs where only coding sequence, or o fragment thereof, is inserted,
exogenous translational control signals including an in-frame ATG initiation codon should be
provided by the vector, Exogenaous franslational clements and inifiation codons may be of various
orging, bolh natural and synthetic. The efficiency of expression may be enhavced by the inchisian of
enhancers appropriate for dic particnlar host cell systom veed. (See, e.g., Scharf, D, et al. {1994}
Results Probl, Cell Differ. 20:125-162.)

Methods which are well known to those skilled mn the art may be used te construct expression
vectors containing sequences epcoding HPDE agd appropriate trinseriptional aud translational

control elements. These metheds include in vilro recombinant DMA techniques, synlhetic ochnigues,

and in vivo genatic recombination. (See, o.g., Sambrook, 1. et al. {1989) Molecular Cloning, A
Luhonutory Maoual, Cold Spring Harber Press, Pluinview NY, ch. 4, 8, and 16-17; Ausobel, FM. ot
al. {1995) Current Protocols in Molecular Biology, Iohn Wiley & Sons, New York MY, ck. 9, 13, and
1€.)

A variety of expression vector/host systems mouy be utilized to contain and express sequences
encoding HPDE. These include, but are not lingted to, microorganisms such as bacteria transformed
with recombinam bacteriophage, plasmid, er cosmid DMA expression vectors; yeast transformed with
yeast cxpression veeters; insect cell systems infeeted with viml expression vectors (e.g., baculovirs);
plant cell systemns transforned with viral exprassion vectors (¢.g., canliflower mosaic virs, CaMV,
o1 (obaceo mosaic vims, TMY} or with bacterial expression vectors (8.g, 1 or pBR322 plasmids); or
apimal cell systems. (See, €.g., Sumbrook, supra; Ausubel, snpra; Van Heeke, G. and 3.0, Schuster
(1989) J. Biol Chem. 264:5503-530%; Linpathard, E.K. et nl. {1994) Proc. Natl. Acad. Sci. USA
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91:3224-3227: Sundig, V. et al. {19961 Ham. Gene Ther, 7:1937-1945; Takamatsu, M. {[987) EMBO
1. &:307-311; The MeGraw Hill Yearback of Science and Techrology (1992) MoGraw Hill, Mew
York NY, pp. 191-196; Logan, J. and T. Shenk {1984) Proc. Natl. Acad. Sci. [ISA 81:3655-3659; and

Harrington, J.J. &t al. (1997} Nac. Genet. 15:343-355.} Erpression vectors derived from retrovimses,

wdeooviruses, Or herpes ot vaccinia virses, ar frosn vatious bacterial plasnuds, may be wsed for
delivery of nuclestide sequances Lo the targeted organ, lissue, or celi population. (Sce, e.g., jnf}
Nteola, M. et al. (1998} Cancer Gen. Ther. 5{6}:350-356; Yu, M. et al_ {19%3) Proc. Natl. Acad. Ser,
USA 90033):6340-6344; Buller, R.M. ct al. { 1985) Neture 317(6040):813-815; McGregor, D.P. et al.
{1994) Mol. Inunumel. 3i(33:219-226; and Verma, LM. and ¥, Somia {1997} Natore 389:239-242.
The invention s not limited by the bost vell employed.

In hacierial systers, 2 mambec of cloning and cxpression vectors may be selected depending
npen the use intended for polypuclentide sequences encoding TIPDE. Fer example, routine cloning,
subclaning, and propagation of polynuclevtide sequences encoding HPDE an be achieved using a
ioultifunctional E. coli vector such as PELUESCRIPT {Stratageoe, La Jolla CA} or PSPORTI

) plasmid (Life Technologies), Ligatien of sequencex encading HPDE into the veetors maltiple

cloning site disrapts the fucZ gene, allowing a colorimetric seresning procedure for identificasion of
teansforued bacteria containing recombinant melecyles. In addition, these vectors may be useful for

in viteo trapseription, dideosy sequencing, single strand rescue with helper phage, and creation of

nested deletions in the cioged seqastce. (See, e.g., Voo Heeke, G. and 3.M. Bchuster (1585} 1. Biol.
Chem. 264:3503-5509) When large quantities of HPDE are needed, e.g. for the production of
antibodies, vectors which dircct high level expression of HPDE may be used. For exanple, vectors
cantaining the strong, inducible SPG ar T7 bacteriophage promoter may be used.

Yeast expression syslems may be nsed for production of HPDE. A number of vectors
comaining constiutive or inducible promoters, such as alpha factor, alcohol oxidase, and PGH
prometers, may be used in the yeast Saccharomyces cerevisiae or Pichia pastoris. In addition, such
vectors direcl either the secretion ur intracellular retemion of expressed proteins and coablks
integration of foreigm sequences oto the host genome for stable propagation. (See, e.g., Ausubel,
1995, supra; Bitter, G.A. et al. {1387) Meathods Enzymol. 153:516-544; and Scorer, C.A. et al. (1994}
Bio/Technology 12:181-184.)

Plant systems may also be used for expression of HPDE. Transcription of sequences
encoding HPDE may be deiven by vieal promoters. o.g., the 355 and 195 promoters of CaM¥ nsed
alone or in combination with the omega leader sequence from TMY (Takamatsu, N. (1987) EMBO L
6:307-311), Altemutively, plant promoters such as the smal] subunit of RUBISCO or hear shock
promoters may be nsed. (Sce, ¢.g., Coruzzi, G. et al. {1984) EMBO J. 3:1671-1680; Broglic, R. et al.
(1984} Science 224:338-843; and Winter, J. et al. (1991} Results Probl. Cell Differ. 17:85-105.)
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‘These constructs can b introduced into ptant cells by dircet DNA transformation or
pathogen-mediated transfection. (See, .g., The McGraw 111l Yearhook of Science and Technology
(1592) MeGraw Hill, New Yerk NY, pp. [91-19G.)

In mammalian cells. a number of viral-based expression systems may he utilized. In cases
where an adenovims is used as an expression vectos, sequences encoding HPDE may be ligared inta
an adenovitus ranscriptico/translation complex consisting of the late promoter and tripariite leader
seyuence. Insertion in a non-cssentiat EI or 23 region of the viral genome may be teed to obtain
infective virus which expresses HPDE in bost cells. (See, eg., Logan, I. and T. Sheok (1984) Proc.
Natl. Acad. Sci. USA §1:3655-3659.) In addition, transcription enbancers, such as the Rous saccoma
virus (REV) enhancer, may be used io increase expression i mammalian host cells. SV40 or EBV-
hased vectors may also he used for bigh-Jeve) protein expression.

Human artiticial chromosomes (HACS) mmay also be cmployed to defiver larger fragments of
DNA than can be contuined in and expressed from a plasmid. HACs of ahout 6 kb ta 10 Mb are
constructed and deliversd via convenlional delivery methods (lipasemes, polycationic anune
polyimers, or vesicles) for therapeutic parposes. (Sec, ¢.g., Harrington, 1.J. et al. (1997) Nat. Genet.
15:345-355.)

For long term production of recombinant proteins in mamuvalian systems, stable expression
of HPDE in cell lines is preferred. For exumple, sequences encoding HPDE cum be transformed into
cell lines usiog expression vestors which may contain viral criging of replication andfor endogenaus
expression elements and a selectabie marker gene on the samc or on a separate vecror. Following the
introduction of the vector, cells may be allowed to grow for abont 1 to 2 days in enciched media
before bedng switched (o selestive media, The purpose of the sclectable marker is to confer nesistance
10 % selective agent, and its presence allows growth aod recovery of cells which successfully express
the introduced sequences. Resistant clones of stably transformed cells may he propaguted using
tissue culture techmigues appropriate to the cell type.

Any number of selection systems may be nsed o recovey wansformed cell Lines. These
include, but are not imited o, the berpes shuplex virus thyrudine kinase and adenine
phosphonibosyhransferase genes, for use in rb and apr- cells, respectively. (See, e.g., Wigler, M. et
al. (1977) Cell 11:223-232; Lowy, L et al. (1980} Cell 22:817-823.) Aleo, antimetabolite, aptibjotic,
or herhigide resistance cam he used as the hasis for selection. For example, difr confers resisiance to
mcthotrexate; neo conlers resistance 10 the aminoglycosides neomycin and G-418; and alr and pat
couter resistanee to ¢hlorsulirot angd phosphinotricin acctyltransitrasc, respectively. (Sec, ¢.g.,
Wigler, M. et ul. {1980} Proc. Natl. Acad. Sci. USA 77:3567-3570; Cothere-Garapin, I, et al. (1981}
1. Mol. Biol, 150:1-34) Additional selectable genes have been described, e.g., vrpB and hisD, which
alter ecllular requirements for metabolites. {See, e.g., Hartman, 8.C. and R.C. Mulligan {1988) Proc.
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Nail. Acad. Sci. USA 85:8047-8051.) Visible markers, ez, anthooymiing, greon flnorescent proteing
{GTP; Clemeech), 3 glucuronidase and its substeate B-glocuronide, or luciferase and its substrate
lueiferin may be used. These markers can be used not anly to identify transformants, bat also to
quantify the amaunt of transient or stable protein expression attributable to 2 speeific vector system.
(See, ez, Rhodes, C.A. (1995) Methads Mol Biol. 55:121-131.)

Although the presencefubsence of marker gene expression suggests thai the gone of intercst is
also present, the presence and expression of the gene may need to be confirmed. For oxarople, if the
sequence encading HPDE is inserted within a watker gene sequence, traosformed cells containing
sequences encoding HPDE can be identitied by the absence of macker gene funetion. Alternatively, a
wwrker gene catl be placed in tandemn with a sequenee encoding BPDE under the confraf of a single
promgter. Bapression of the marker gene in response Lo induclion or selection usually indicales
expression of the tandern gene as well.

In. gencral, host ceils that contaip the npcleie acid sequence encoding HPDE and that express
HPDE may be identified by a variely of procedures known ter Lhose of skill in the art. ‘These
procedures inchide, but are net limited to, DNA-DMNA or DNA-RNA kyvbridizations, PCR
amplification, and protein bioassay or immnnoassay techniques which inciude membrane, solution. ot
chip based technologies for the detection andior quantification of micleic acid or protein sequences.

Tramuenological methods for detecting and measuring the expression of HPDE using either
specific polyclonul or monoclonal antibodies are known in the arl. Hxamples of such technigues
includs enzyine-finked immunosetbent assays (BLISAs), radioimmunoassays (RI1As), and
flvorescence activated cell sorting (FACS). A two-site, monoclonal-based immunoassay wlitiziog
wonackonzl antibodies reactive to two non-interfuring epitopes on HPDE is preferred, bui a
competitive binding assay may be amplayed‘ These and other assays are well known in the ant. (See,
e.z., Hampton, R. et al. (1990) Serglogizal Methods, n Laboratory Magual, APS Press, St Paul M,
Seer. IV, Colipan, 1LE. etal. {1997) Current Protocols in mmunology, Greene Pub. Associates and
Wiley-Interscience, Iew York NY; and Pound, T.1. (199%) Immunochemica] Pratacols, Humana
Press, Totowa M1}

A wide varicty of labels and conjugation techniques are known by those skilled in the artand
may beused in various pucleic acid and amine acid assays. Means for producing labeled
bybridization or PCR probes for detecting sequences related to polynucleotides encoding HPDE
include oligolabeling, nick rranslation, end-labeling, or PCR amplification usicg a labeled nucleotide.
Alternatively, the sequences encoding HPDE, or any (ragmenls thereuf, may be cloned into # veetor
for the production of an mRNA probe. Such vectors are known in the art, are commercially available,

and may be used to synr.hesizg RNA probes in vitro by addition of an appropriate RINA polymerase

such as '[7, T3, or 5P6 and Jabeled nucleatides. These procedures may be conducted using a variety
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of conunarcially available kits, snch as those provided by Amershum Pharmacia Biotech, Promega
{Madison W13, and US Biachemical. Snitable reperier molecules or labels which may be used for
case of deteotion include radionuclides, enzymes, fluorescent, chemilumjnsscent, or chromeogenic
agents, as well as substrares, cotactors, inhifilors, magnetic particles, and the like.

Host cells transtormed with nucleotide sequences encoding HPDE may be cultured ander
conditions suitable for the exptession and recovery of the protein from cell culture. The protein
produced by a transformed cell may be secreted or refained intracel lulirly depending on (he scquence
and/or the vector used. As will be nnderstood by these of skill in the art. expression vectors
containing polynucleotides which encode HPDE may be designed to contain signal sequences which
direct sectetion of HPD through a prokaryotic or evkaryotic celf membrane.

Ta addition, a hest cell strain jnay be chosen for its ability to madulate exprossion of the:
inserted sequences or to process the cxpressed protein in the desired fashion. Such modifications of
the polypeptide inclide, bul are not Jimited to, acetylation, carboxylation, glycosylation,
phosphorylation, Jipidation, and acylation. Post-translational proccssing which cleaves a “prepro™ or
“pro” form of the protein may also be used to specify proiein targsting, folding, andfur activity.
Different hast cells which have specilic vellular machinery and characteristic mechanisms Cor
post-translational activities {¢.g., CHO, HeLa, MDCK, HEX293, and WI38) arc available from the
American Type Culture Collection (ATCC, Manassas VA) and may be chosen to ensure the carect
madification and processing of the foreign protein.

In another emboediment of the inventiow, vateal, modified, or recombinunt nucleic acid
sequences encoding [IPIDE may be ligated w 5 heterologous sequence resnlting in translation of a
fusion protein io any of the aforementioned host systems. For example, a chimeric HPDE protein
containing a heterologons maiefy that can be recognized by a commercially available antibody may
lacilitate the screening of peptide libraries for inbibitors of HPDE activity. Heterelogows protein and
peptide nwietics may alsa facilitate purification of fusion profeins using commercially available
affinity matrices. Such moieties include, but are not limited Lo, ghitathione S-transferase (GST),
mallose binding protein (MBP), thioredoxin (Trx}, calmodulin binding peptide {CBP), 6-His, FLAG,
c-myc, and bemagglutinio (HA). GST, MBP, Trx, CBP, and 6-His enable purification of their
copnate fusion proteing on irmaobitized glutachione, maitose, phenylarsine oxide, culmoduolin, and
metal-chelale resing, respectively. FLAG, e-myc, and hemagglutinin (HA) esable invnunoaffinity
punification of luston proteins using eommercially available monoclonal and polyclonal antibodies
that specifically recognize these epitops tags. A fusion protein may also be engineered (o contain a
protealytic cleavags site [ncaled between the 1IPDE encoding sequence and (he heterologous protein
seguencs, so that HPDE may be cleaved away from the heterologous meiety foliowing purification.

Methads for fusion protein cxpression and purification are diseussed in Ausubel (1995, supra, ch. 10}
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A vartety ol commercially available kits may also be used to facilitate expression and punification of
fusien proteins.

In a further embodiment of the invention, synthesis of radiolabeled HPDIZ may be achieved in
witrg nxing the TNT rabbit reticulocyle Iysate or wheat gowm extract system (Proinega). These
systems couple transcription and translation of protein-coding sequences operably associated with the
T?, T3, or 824 promaters. Translation takes place in the presence of 4 radiolzbeled 2mino acid
precursar, for cxample, **§-methionine.

HPDE of the present invention or fragments thercof may ba used to sereen far compovnds
that specifically bind to HPDE. At least one and up to a plurality of test compounds may be screened
for specific binding to HPDE. Exampies of test compounds include antihodtes, oligonmclactides,
preteins (e.g., receptors), ur small mglecules.

In tne embadiment, the compound thas identified is closely related 1o the natural ligand of
HPDE, e.g., a ligand or fragioent thereof, a patural substrate, a structural or functional mimetic, or a
natural binding partner. (See, e.g., Coligan, JE. et al. (1991) Cureent Protocols in Immunclogy 1(2):
Chaprer 5.} Similarly, the compound can be closely related to the natural recepror to which ITPDE
hinds, or to at least a Sragment of the reccptor, £.g., the ligand binding site. In cither case, the
compound can be rationally designed wsing known technigues. In ene embodiment, sereening for
these compounds involves producing appropriate cells which express HPDE, either as a secretad
protein or on the cell membrane. Pretecred cells include cells from mamnmals, yeast, Drosophita, or
E.celi. Cells expressiog HPIDE or cell membrane fractions which contain HPTE are then contacted
with a test compound and binding, stirmlation, or inbibiion of activity of either HPDE or the
compound is analyzed.

An assay may simply test binding of a tzst compuund (o the polypeptids, whersis binding is
detected by @ flucrophere, radioisotope, enzyme conjugate, or other detectable lzbel. For example,
the assay miy comprise the steps of combining at least ons test compound with HPDE, either in
solution or affixed to a solid support, and detecting the binding of HPDE to the compound.
Alternatively, the assay may detect or measure binding of 4 test campound in the presence of a
Tabeled competitor. Additionally, the assay may be carried out using cell-free preparations, chemical
libraries, or nateral product mixtures, and the test compound(s) may be free in solution or affixed toa
salid support. )

HPDE of the pragent invention or fragments thersof may be used to screen for compounds
that modulate the activity of HPLEL Such compounds may inchile agonists, antagenists, of partial or
inverse agonists. In one embodiment, an wssay {s perfermed under conditions permissive for HPDE
activity, wherein HPDE is combined with at least one test compound, l:md the activity of HPDE in the

presence of & test compound is compared with the activity of HPDE in the whsence of the test
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compound. A change in the activity of HIFDE in the presence of the test compound is indicative of a
compound that modulates the activity of HPDI. Aliematively, a test compeund is combined with an
in vitro or cell-free system comprising HPDE under conditions svitabls for HPDE activity, and the
assay is performed. In either of thesc assays. a test compoeund which madulates the activity of HEDI
may do so indirectly and need not come in direct contact with the test compound. At least one and up
o a plurality of test componnds may be sereened.

In another cbodiment, polynucleotides encoding LPLIE or their mamntalian hamologs may
be “knocked ont” in an animal model system using homatogons recotmbimation in embryonic sten
(ES) cells. Such rechnigues are well lnown in the art and e useful for the generation of animal
nodels of human disease. (See, e.g., U.S. Patent Number 5,175,383 and U.S. Patent Number
5,767,337 For exaropie, mouse ES cells, such as the mouse 129/5vF cell line, are derived from the
early mouse cmbryo and grown in culture. The ES cells arc ransformed with @ vector containing the
gene of interest disrupted by a marker pene, &.2., the neomycin phosphotransierase gene (neo;
Capecchi, M.R. (1989) Science 244: 1288-1292). The vector integrates nto the cortesponding region
of the host genome by bomalngous recobiuation. Alterpatively, homologous recombination takes
place using the Cre-loxP? system to knockoul a gene of interest in a tissue- or developmental stages-
specific manner (Marth, 1.0, (1996} Clin. Drvest. 97:1999-2002; Wagner, K.U. ot al. (1927} Nucleic
Acids Res. 25:4323-4330). Translormed ES cells are identified and microinjected info meuse cell
blastocysts such as those fromn the C57BL/S mouse strain. The blasteysts ace suepically lransfemred
ta pseudopregnant dams. and the resulting chimeric progony arc genotyped and bred to producs
heterozygous or homazygous strains. Transgen(c animals thus peneraled tay be tested with potential
therupeutic or toxic agents,

Polynucleotides encoding UPDE may alse he manipulated in vitro in ES cells derived from

Ihuman blastocysts. Human ES cells have the potential to differentiate into at leasi eight separate cell
lineages including codedenn, mesodenm, and cctodermal cell types. These cell lineages diffzrentiate
into, far example, neural cells, hematopotetic lineages, and cardiomyocytes (Thomson, J.A. et al.
(1998} Science 282:1145-1147).

Polynuclestides encoding HPDE can also be used to create “knockin” humsanized animals
(pigs) or ransgenic animals (mice or rats) 1o model humag dtsease. With knockin 1echnology, 4
region of a polynucleatide encoeding HPDE is injected into imimal ES cells, and the injecied sequence
micprates inte the animal cell genome. Transformed cells are injected into blastulse, and (he
blastulas are iroplanted as deseribed above, Transgenic progeny or inbred lines are studied and
treated with potential pharmaceutical agents to obtain information on treatment of 2 human diseass.
Alternatively, a mammal inbred to overexpress HPDE, e.2., by secreting FHFDY in its milk, may also

serve as a convenient source of that protein (Jurme, J. et al. {1998) Biotechnol. Annu. Rev, 4:53-74).
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THERAPECTICS

Chemical and structural similarity, e.g., in the context of sequences and inotifs, sxists
between regions of HPDE and phospbodiesterases. Tn addition, the exprassion of HPIH is closely
assoctated with heart, brain, and wmor tssue. Therefore, FIPD appears o play 2 role in eye,
neurological, cardiovascular, cell proTiferative, and aulehrmune/intammatery disorders. In the
rreatment of disorders associated with increased HPDE expression or aclivity, it is desirable to
decrease the cxpression or activity of HPDE. It the treatment of disorders associated with decreased
HPDE expression or activity, it ts desirable to increaso the expression or activity of HPDE.

Theyefore, in one ebodiment, HPDE ot a fragment or detivative thereof may be
administered to a subject 1o freat or prevent a disorder associated with decreased exprassion ot
aetivity of HPDE. Examples of such disorders include, but are not limiled to, 2n eye disorder, such as
conjunctiviis, keratoconfunctivitis sicea, keralitis, episcleritis, iritis, posierior uveiiis, glaucoma,
AMMrosts fugax, ischemie optic newrepaty, optic nevritis, Leber's hareditary optic nenropathy, 1oxie
optic neuropathy, vitreous detachment, retinal detacbment, cataract, macular depeneration, coniral
serons chorlaretinopathy, retinilis pigmentoss, melanoma of the chorotd, retrobulbar tumor, and
chiasmal mimor; a neurelogica] disordor, such as epilopsy, ischemic cerebravasculir disease, stroke,
cerehral neoplasms, Alzhcimer's discase, Pick’s discase. Huntington's diseass, dementia, Parkinson's
disease and other extrapyramidal disorders, amyotrophic lateral sclerosis and other motor neuron
disorders, progressive neural muscular atrophy, retinitis pigmentosa, hereditary ataxias, multiple
sclerosis and other domyslinating dissases, bacterial and viral meningifis, brain abscess, subdural
empyema, epidural abscess, suppurative intracranial thrombophlebitis, myehitis and radiclitis, viral
central nervous system disease, prion diseases including kury, Crevtztaldt-Jakob disease, and

Gerstmann-3traussler-Scheinker syndrome, fata) familial insomnia, nutttional and metabelic

diseases of the nervous sysim, newrofibromagosis, tuberous sclerosis, cerebelloretinal

hemangiohlastomarosis, oucephalotrigeminal syndrome, mental retardation and other developmental
disorders of the contral nervous system including Down syndrome, cerebral palsy, neuroskeletal
disorders, autonomic nervons systern disorders, cranial rerve disorders, spinal eord discases,
amscular dystrephy and other nerromuscular diserders, peripheral nervous system disorders,
dermatomyositis and pelymynsilis, inkerited, metabolic, endocrine, and toxic myopathics,
myasthenia gravis, periodic paralysis, mental disorders including mood, anxiety, and schizophrenic
disorders, seasenal aftective disgrder (SATY), akathesia, anesia, cataionia, diabetic nenropatny,
tandive dyskinesia, dystonias, paranaid psychoses, postherpetic nenralgia, Tourette’s disorder,
progressive supranuclear palsy, corticobasal degeneration, and familial frontotemporal dementia; 2

cardiovascular disorder, snch as arterioverous fistola, athernsclerosis, hypertension, vasculitis,
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Raypand’s disesse, ansurysms, arterial dissections, vericose veins, thrombophlebitis and
philebuthrombosis, vascular mmors, and complications of thrombalysis, bulloun angioplasty, vascalar
teplacement, and coropary artery bypass guaft surgery, congestive hsart failure, ischemic heart
disease, angina pectoris, I‘f-l)’bcﬂl'diﬁl infarction, hypectensive heart disease, degenerative valvolar
heart disease, caleific aomic valve stenosis, congenitally bicuspid aortic valve, mitral anbular
calcification, mitral valve prolapse, theumatic fever and rheumatic heurt disease, infective
enducarditly, nonbacierial thrembuotic endocardins, endocarditis of systemic lupus erythematosus,
carcineid heart discase, cardiomyopathy, myacarditis. pericacditis, neoplastic heart discase,
congenital heart discase, and complications of cardiac transplantation, cangenital ling anomalics,
atelectasis, pulimonary congestion and edema, pulmonary erbolism, pulmaonary hemorhage,
pulmaonnry infarction, puimonary hypertension, vascular sclorosis, obstructive pultnonary disease,
restrictive pulmonary diseass, chronic obstroctive pulmonary disesase, emphysema, chromic
bronchitis, bronchizl asthma, bronchicetasis, bacterial pneumonia, virsl and mycoplasmat pncumcnia,
lung abscess, pulmonary tuberenlosis, diffuse interstitial discases, pnenmeconioses, sarcoidosis,
idiopathic pulmonary fibrosiz, desquarnative interstitial prewmonitis, hypersensitivity preumonitis,
prlmenary eosinophilia bronchiolitis obliterans-organizing pnevmenii, diffuse pulmonary
hemorthage syndromes, Goodpastuce’s syndromes. idiopathic pulionary hemosiderosts, pelmonary
involvement in collagen-vaseular disorders, pulmonary alveolar proteinosis, lung tumors,
inflaramatory and neninflamnwtory pleural effusions, preumotbarax, plewral cmers, doug-induced
lung disease, radiation-induced lung discase, and complications of lung ransplantation; 2 call
proliferative disorder, such us actinic koratosts, arteriosclerosis, atherosclerosis, bursiils, cirhosis,
hepatitis, mixed connestive tissue disease (MCTD), myelofibrosis, paroxysmal nocturnal
hemaglobiuvria, polycyihemia vora, psoriasis, primary thrombocythemia, and eancers tochding
adenocarcinoma, leukemia, bymphoma, melanoma, myeloma, sarcoma, teratocarcinoma, and, in
particular, cancers of the adrenal gland, bladder, bone, hone marcow, brat, breust, cervix, gall
bladder, ganglia, gastointestingl tract, heart, kidney, liver, lung, muscle, ovary, pancreas,
parathyroid, penis, prostats, salivary glands, skin, splcen, estis, thyraus, thyroid, and wierus; and an
autoimmimnce/inflaromatory disorder, acquired immunodeficicney syndrome (ATDS), Addison’s
diseasc, adult respiratory distress syndrome, allergies, ankylosiog spondylitis, amyloidosis, ancmia,
asthma, atherosclerosis, autoiminune hemolytic apemia, auteinunune thyroiditis, autoinmmne
polyendocrinapathy-candidiasis-ectedermal dystraphy ( APECEDY), bronchitis, cholecystitis, contact
demmatitis, Croho’s disease, amopic dermariris, dermatomyositis, diabetes mellins, emphysema,
episadic lymphopenis with lymphocytotoxins, erythroblastasis fetalis, erylhema nodosum, strophic
gastritis, glomerulonephritis, Goadpasture’s syndrine, gout, Graves’ disease, Hashimelo's

thyreiditis, hypereasinophilin, irritable bowel syndrame, multipie sclerosis, myasthenia gravis,
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miyccardial or pericardial inflammimation., ustsoartheitis, osteoporosis, pancrealitis, palymyasitis,
psoriasis, Relter’s syndrome, theumatoid authritis, scleroderma, Sjégren’s syudeome, systemic
anaphylaxis, systemic lnpus erythematosus, systemic sclerosiz, thrombocytopenic porpura, nloerative
colitis, wveitis, Wermner syndrome, complications of cancer, bemodinlysis, and extracorporenl
cirgulation, viral, bacterial, fungal, parasitic, protozaal, and helminthic jnfections, and wauma.

In another embodiment, a vector capable of expressing HPDE or a fragment or decivative
thereof may be adnninistered to @ subject t treat or prevent a disorder associated with decrcased
expression or activity of HPDE including, but not Linited to, those described above.

Io a further oubodiment, a somposition comprising a snbstantzally punified [PIK in
conjuncticn with a suitable phanmaceutical cartier roay be admivistered to & subject to treat or preveat
u disorder associated with decreased expression or activiry of HFDE including, but not limited to,
those provided above.

In stili avother embodimment, an agomist which modulates the activity of HPDE may be
administered to a sebject o treat o prevent a disorder associated with decreased expression or
aciivity of HPDE includiog, but not limited to, those listed above,

Tn a lurther embediment, an antrgonist nf HPDE may be administered to a subject to treat or
prevent a disorder associated with increased expression or activity of HPDE. Examples of such
disorders incivde, but are not limited to, those eye, ncurological, cardiovaseular, cel} preliferative,
und autormmung/finflarnmatery disorders deseribed above. In one aspect, an antibody which
specifically binds HPDE may be used directly as an anlagonist or indirectly as 2 targeting or delivery
mechimism for bringing a phannuceutical agent to cells or tissuce which express HPDE.

In an additional embodiment, a vector exprassing the complement of the palynnclectide
enceding HPDE may be administered to a subject to treat or prevent at disordur assnetated with
increased exprosston or activity of HPDE including, but ot limited 1o, those described shove.

In other embodirents, any of the proteing, antagopists, sntibodies, agonists, complomentary
sequences, or vectors of the invention way be administered in combination with other appropriste
therapeutic agents. Selection of the apprapriate agents For use in combination thempy may be made
by one of ordinary skill in the art, according to conventional pharmacentical principles. The
combination of therzpeutic agents may act synecgistically to effcet the treatmcnt or prevention of the
various disorders described above. Using this appruach, ene may be able 10 achieve therspeutic
cificacy with lower dosages of each agent, Vhus reducing the potentizl for adverse side effects.

An antagonist of HPDE may be produced using metiiods which are generally known in the
art. In particular, purified HPDE may be used to preduce aatibodices or 1o screen libraries of
phammacsutical agents o identify those which spesifically bind HPDE. Anribodies 1o HPDE mzy

also he generated using mathods that ate well known in the art. Such imtibodies may include, but are
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aot imited to, polyclonal, menaclanal, chimerie, and single chate antibodies, Fab fragnients, and
[ragments produced by 2 Fak expression library. Neutralizing antibodies (i.¢., those which inbibic
dimer formation) are generally preferred for therapeutic use.

For the procuction of antibadics, varions hosts including goats, rabbits, rats, mice, humans,
and others may be bnmanized by injection with 1 PDIE or with any fragiment or oligopeptide thereol
which has imenogenic propertics. Depending on Lhe host specics, various adjuvants may be used to
increase immunological response. Such adjuvants inelade, but are not limited o, Freund's, mineral
gels such as aluminum hydraxide, and surface active substanees such as lysolecithin, pluronic
polyols, polyantoas, peptides, oil emulsions, KLH, ar dinitrophenol. Among adjuvants nsed in
hwmans, BCG {bacilli Cabmette-Guerin) and Corynebacferium panvnn are especially preferable.

It i preferred that the oligapeptides, peptides, or fragments used to induce antibodics o
HFDE have an amino seid seguence consisting of at Teast about 5 amino acids, and generally will
cansist of at least about 10 amino acids. 1t is also preferable that these oligopepiides, peptides, or
fragments are identical to @ pertion of the amino acid sequence of the naturul protein, Short streiches
of HPTE amsine acids may be fused with those of another protein, sueh ax KLH, and antibodies Lo the
chimeric molecule may he produced.

Maonoclonal antibadies to HPDE may be prepared using any wechnique which provides for the
production of antibady molecules by continuous cell lines in cultore. These include, but are not
limited to, the hybridom: technique, the homan B-cell hyhridoma technique, and the EBV-hyhridoma
fechnique. (See, e.g., Kohlor, G. et al. (1975) Nature 256:495-497; Kozbor, D. etal, (1985) 1.
hnmunol. Methods 81:31-42; Cote, B.J. et al. (1983} Proc. Natl, Acad. Sci. USA 80:2026-2030; and

“Cole, S.P. ¢t al. (1984) Mel. Cell Biol. 62:109-120.)

T addition, techniques developed Tor the production of “chimeric antibodies,” such as the
splicing of mouse antibody genes 1o funan antibody genes to obtaio  mokeule with appropriate
antigen specificity and biological activity, can be used. (See, .., Morrison, S.L. et al. (1984) Proc.
Nat. Acad. Sci. US4 81:6851-0835; MNeuberger, MLS. ot al. (1984) Nature 312:604-608: and Takeda,
S.cial. (1385) Nature 314:452-454.) Allernatively, technigoes described for the production of single
chuin antibodics may be adapted, using metheds known in the art, to produce HFDE-specific single
chuin antibodies.  Antjbedies with related specificity, but of distinet idtotypic composilion, may be
generated by chain shuffling from randiom combinatorial immunoglobulin libraries. (Sec, e.z.,
Burton, D.IL (1981) Proc, NMatl. Acad. Sci. TSA 38:10134-10137 )

Antibodies may also be produced by inducing in viva production in the [ymphocyte
population or by screening immunogiobulin libraries or panels of highly specific binding raagents as
disclosed in the litexature. (See, e.g., Crlandi. R. et al. (1989} Proc. Natl. Acad. Sct. USA
$6:3833-3837; Winter, G. et ul. (1991) Nature 349:293-299.)
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Antitody fragments which coatain speeific binding sites for HPDE may also be generaled.
For example, such fragments include, but are pot limited to, F(al'), fragments produced by pepsin
digestion of the antibady molecule and Fab fragments generated by reducing the disultide bridges of
the E(ah)2 tragments. Alternatively, Fab expression libracics may be constructed to allow rapid and
easy identilication of moneelonal Fab fragments with the desired specilisity, (Ses, ¢.g., Huse, WD,
et al. (1989} Scicnce 246:1275-1281.)

Various immunonssays may be used for sereening to identify antibodios haviag the desired
specificity. Mumercus protocols for compekitive binding or immunoradicmetric assays using either
palycional or monoclonal antibudies with established specificities are well known in the art. Such
immuneassays typically invelve the weasvsrement of complex formation between HPDE and its
specific antibody. A two-site, monoclopal-hased immunaassay vtilizing monacjonal antibodics
reactive to two non-interfering HPDE cpitapes is geaerally used, but a competilive binding assay may
also be empleyed (Pound, supta),

Various methods such as Scatchard analysis in conjunction with mdinimmunoassay
techniques may be uied to assess the affinity of antibodies for FIPDE. Affinity is expressed as an
axsaciation canstant, I, which is defined as the molar concentration of HPDE-antibody complex
divided by the molar concentrations of free antigen and free antibody under equilibrivm conditions.
‘The K, determined for a preparation of polyclenal antibadics, which ars heterogeneons in their
affinities for multiple HPDE epitopes. represents the averege affinity, or avidity, of the antibodies for
HPDE, The K determined for 2 preparation of monoclonal anitbodies, which are monospecitic for a
parlicular HPDFE epitope, represents 2 true measure of aftinity. 1lgh-affinity antibady preparations
with K, ranging from abont 107 to 10" Limnle are prefecred for use in immunoassays in which the
HPDY-amiibody complex must withstand rigorous manipulations. Low-affinity antibody preparations
with K, ranging from about 108 1o 107 Lémule are preferred for use in immuncpurification and similur
procedures which nltimately eeequire dissaciation of HPDE, preferably in active form, from e
antibody (Catty, . {1988) Antibodies, Volume I A Practical Approach, IRL Press, Washington DC;
Liddell, J.E. and A. Cryer {1991) A Practicai Guide to Monoclonal Antibodies, lohn Wiley & Sons,
New York MY).

The titer and avidity of potyclonal antibody preparations may be fucther evaluated (o
determine the quality and suitability of such preparations for certain downstream applicatisns. Feor
example, & polycional antibedy prepuration containing at least 1-2 mg specific amibedy/mi,
preferably 3-10 ing specific antibody/inl, is generally etnployed n procedures tsquiring precipitation
of HPDJ-antibedy complexes. Pracedures for evalueting antibody specificity, titer, and avidity, and
guidelines for antibody quality and usage in varfons applivations, are generally available. (Sec, c.g.,

Cutty, supra, and Coligan ef al. supra.)
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In snother embodiment of the inventiun, the pelynucleotides encoding HPDE, or any
fragment or complement thereaf, may be usad for therapeutic purposes. In one aspect, modifications
of gene expression can be achieved by designiog complementory sequences or aniisenss molecules
{DNA, RNA, PNA, or modified oligonuclestides) 1o the coding or repulaiory cegions of the gene
encoding HPILL. Such technology is well known in the art, and antisense oliganucleotides or larger
frugotents can be designed from various locations along the coding ar cuntrol reglons of sequences
cucoding HPDE. (See, ey, Agrawal, 5., ed, (1996) Amisense Therapeatics, Humana Press Inc.,
Totewa MI}

In therapeutic use, any gene defivery system suitable For introduction of the stlisense
sequences into appropuiate target cells can be used. Auntisensc sequernces oan bo delivered
intracellulacly in the form of an expression plasmid which, upon transcription, produces a sequence
complementary to at least a portion of the cellular sequence encoding the Larged protein. (See, e.g.,
Slater, LE. et al. (1998) 1. Allerzy Cli. immunol. 102(3):469-475; and Scanlon, KI. el al. (1925)
133 1288-1296.) Antisense ssquences can also be introduced intraceliularly through the usc of viral
vectors, such as retrovims and adeno-associated virus vectors. (Sec, e.g., Miller, AD. (1990) Blood
T6:271; Ausubel, supro; Uckert, W. and W. Walther (1994} Pharmacol. Ther, 633):323-347.) Gther
gene delivery mechanisins include liposome-derived systems, artificial viral envelopes, and ather
systems known in the arl. (Seg, e.g., Rosi, 1.1 (1995) Br. Med. Ball. 51{1}217-225; Boado, RJ. et
al. {1998} ). Phacm. Sei. §7(11):1308-1313; and Morris, M.C. et al. (1997} Nugleie Acids Res.
25(14):2730-2736.)

Izt another embodiment of the invention, polynucleatides encoding HPDE may b used for
samatic or germline gene therapy. Gene therapy may be performed to (i) correct a genetic deficiency
{e.g.. it the cases of severe combined immunedeficiency {SCID)-X1 discase charavlerized by X-
linked inheritance (Cavazzana-Calvo, M. et al. (2000) Scicice 288:069-672), severe conbined
immunodeficiency syndrome associated with an inherited adenosine deaminase (ADA) deficiency
{Blaese, R M. et al. (1995) Science 270:475-480; Bordignon, C. et al. (1995) Science 270:470-475),
cystic [ibrosis (Zabner, 1. et ab. {1993) Call 75:200-216; Crystal, R.G. el al. (1993) Hum. Gene
Therapy 6:643-666; Crystal, R.G. et al. {1995) Fum. Gene Therapy £:667-703), thalassarnias, familial
hypercholesterolemiz, and hemrophilia resulting from Factor VIU or Factor IX deficiencies (Crystal,
R.G. (1995) Science 270:404-410; Verma, LM. and V. Somia (1997) Maowe 389:239-242)), (if)
express a condifionaliy lethal gene product (e.g., in the case of cancers which result from unregnlated
eell proliferation), or (iil) express a protein which affurds proteetion against intracellular parasites
&g, arainst humen retravirses, such as human umueodeficiency vious (HIV) (Baltimote, .
{1988} Nuture 333:395-394; Paeschlz, E. ot al. (1996} Proc. Natl. Acad, Sci. USA. 93:113053-11399},
hepatitis B or C visus (HBVY, HOVY; tungal parasites, such as Condida atbicans and Paracoceidioides
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brasiliensis; and protozaan parasites such &s Plasmodium faletparum and Trypanosoma emazi}. In the
case where a genetic daficiency in TIPIIE expression or regulation causes disease, the expression of
HPDE from an appropriate pepulation of transduced colls may alleviate the clinical manifestations
caused by the genetic deficioncy.

Inaforther embodiment of the invention, diseases or disorders caused by deficiencies in
HPDE are treated by constructing manunalian expression vectors encoding HPDE and introdusing
these vectors by mechinical means into HPDE-deficient eclls, Mechanical transfer technologies for

use with cells in ¥ivo or ex vitro include (3) direct DINA microinjection mro jndtvical cells, (i)

ballistic gold particle delivery, (i) liposome-mediated vansfection, {iv) recepior-inediated gene
tricnsfer, and (v) the use of DNA transposons (Morgan, R.A. and W.F. Anderson (1992} Anm. Rev.
Biochom. 62:191-217; Tvics, /. (1997) Cefl 91:501-510; Boulay, J-L. and . Récipon (1998) Curr,
Opin. Biotechnal. 8:445450).

Expression vectors that may be effective for the expression of HPLE include, bat are not
limited ta, the PUCIDNA 3.1, EPITAG, PRCCMVZ, PREP, PYAX vectors (Tnvitrogen, Carlshad CA),
PCMV-3CRIPT, PCMV-TAG, PEGSH/PERY (Stratagene, La Jolla CAJ, and PTET-CFF, PTET-ON,
PTREZ, PTREZ-LUC, FTK-HYG (Clontech, Pzlo Alto CA). HPDE may be expressed using (i} 4
constitutively active promater, (c.2., from cytomegalovirus (CMV), Rous sarcama virus (RSV), 8V40
viras, thymicine kinase (TK), or -uclin geoes), (i) an inducible promoter (2.5, the
fetracyclive-regulated promoter {(Goszen, M. and H. Bujurd (1992} Proc. Natl. Acad. Sci. USA
$9:3547-3531; Gossen, M. et al. (1993) Seicnes 268:1766-1769; Rossi, F.M. V. and HLM. Blan (1994)
Carr. Opin. Biotechnol, 9:431-456), commercially available in the T-REX plasmid {Invilrogen)); the
ecdvsone-inducible promoter (available in the plasmids PYGRXR and PIKD; Invitrogen); the
FR306/rapamaycin inducible promater; or the RUAS6/mitepristone inducibie promoter (Rossi, EM.V.
and Blau, H.M. supra}), or {jii) 2 tissue-specitic promater or the pative proroter of the endogenoms
gene encoding HPDE frons a normal individual.

Comumercizlly available liposome transformation kits (e.gr., the PERFECT LIPID
TRANSFECTION KIT, available from lavitrogen) atlow one with ordinary skill in the act to deliver
pulynuclentides to target cells in culture and require minimal effort to optimize cxperimental
paramerers. In the ultecnative, transformation is performed using the calefam phosphate method
{Grabum, F.L. and AJ. Eb (1973) Virclogy 52:456-467), or by slectroporation (Neumann, E. et al,
(1982) EMBO 1. 1:841-845). The tntroduction of DNA to primary colls reguires modification of
these standardized wmammalian transfection protocols.

n another embediment of the inveation, discases or disorders cansed by penctic defects with
respect Lo HPDL expression are treated by constructing a retrovims vector consisting of (i) the

polyoucleotide encoding HPDE under the control of an independent promoter or the refrovirus long
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terminzl repeat (LTR) promoater, {i1) appropriate RINA packaging sipnais, and (i} a Rev-responsive.
element (RRE) along with additional reteavirus cis-acring RNA sequences and coding sequences
required for efficient veotor propagation. Retrovirus vectors (e.g., PEB and PFBNEQ) ate
commerciully available (Stratagene) and are based on published data (Riviere, L ct al. {1993) Prac
Natl. Acad. Sci. USA 92:6733-6737), incorparated hy reference herein. The vactor s propagated in
#n appropriate vector produeing cell line (WVPCL) that expresses an envelope geae with a tropism for
recepiors on Lhe target cells ar a promiscuous envelope protein such as VSV (Armentano, D. et al.
(1987) 1. Virol. 61:1647-1630; Bender, MLA. et al. (1987} 1. Virol. 61:1639-1646; Adaor, M.A. and
AD. Miller {1988) T. Virol. 62:3802-2806; Dull, T. cral. (1998) J. Virol. 72:8463-8471; Zufferey, R.
cial. (1998} J. Virel. 72:9873-9850). 1.5, Patent Number 5,910,434 1o Rigg, (“Method far obtaining
retrovitus packaging cell lines prodacing high transducing efficiency relroviral supematant™}
discloses a method for obtaiuing retrovirus packaging cell lnes and is hereby incorporated by
reference. Propagation of retrovirus vectors, transduction of a popnlation of cells {c.p., CD47 T-
aclls), and the retum of transduced colls to 2 patient are pracedures well known to persons skilled in
the xrt of gene therapy and have been well documented (Ranga, U. et al. ([997) 1. Virol. 71:7020-
7029, Bauer, G, et al. (1997) Blood 89:2239-22057; Bonyhadi, MLL. (1997} I, Vial, 71:4707-4716;
Rangz, U. et al. (1998) Proc. Natl. Acad. Sci. USA 95:120[-1206; Su, L. (1997} Blood 89:2283-
2260).

In the alterpative, an adenovirus-based gene therapy delivery system is nsed to deliver
palynucleatides encoding HPDE to cells which have cne or more geretic abnormalitios with respaet
to the expecssion of HPDE. The conslruction and packaging of adenovirus-hased vectors are wel)
kmown to those with ordinaty skill in the art. Rephication defective adenovirus vectors have proven
be versatile for imporiing genes encoding immuncregulatery proleins int intact islets io the papereas
(Csete, MLE. cf al. (1993) Transplantation 27:263-268). Potentjally usefut adenaviral vectors are
described in U.S. Patant Mumber 5,707,612 to Armentano (" Adenoviras vecters for gene therapy™),
hereby incorporated by reference. For udenoyiral veclors, see also Antinozzi, P.A. et al, (1999)
Annu, Rev, Nutr, 19:511-544 and Verroa, LM. and N. Somiz (1997} Nature 18:389:239-242, baih
incorporated by reference herein.

In another altemnative, 4 herpes-based, gens therapy delivery system is used to deliver
polyoucleotides encoding HPDE to target ceils which have ane or more genetic abnormalities with
respect (o the exprassion of HPDE. The use of berpes stmplex vitus (HSV)-based veetors may be
especially valnable for introducing HPDE to cells of the central nervons system, for which HSV has a
tropism. The construction and packaging of herpes-based veciors are well known to those with
crdinary skill in the art. A replication-competent berpes simplex virus (HSV) type 1based vestor has

been used to doliver 2 reporter gene to the eyes of primates (Lin, X. et 4l (1999} Exp. Eye Res.

46

JP 2004-512019 A 2004.4.22



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

(130) JP 2004-512019 A 2004.4.22

WO 01795471 POTIUSOL20140

169:385-395). The constmction of 4 HSV-1 vitus vector has also been disclosed in detail in U5,
Patent Number 5,504,413 to DeLura ("Herpos sinplex virus strains for gene transfer”), which is
hereby incorporated by reference. U.E. Patent Mumber 7,804,413 teachss the vse of recombinant
H3V d92 which consists of a genome containing al least one exogenous gene to be transferred o 2
cell under the control of the appropriate promoter for purposes including human gene therapy. Also
taught by this patent are the construction and vse of recombinant HSV strains deleted for ICP4, ICF27
and ICP22. For HSV vectors, sce also Goins, W.E. ctal, (1999) 1. Virol. 73:319-532 and Xu, H. ctal.
€1994) Dev, Biol. 162:152-161, hereby incorparated by reference. The manipulation of cloned
herpesvirns sequences, the generation of recombinant virus following the transfection: of multiple
plasmids contaming different segments of the large herpesvirus genomes, the growth and propagation
of herpesvirus, and the infection of cells with herposvirus are techniques well known to thase of
ordinary skill in the ari,

It another allemative, ao alphavirus (positive, single-stranded RNA virus} vector is used to
deliver polynucleotides encoding HPDE to target colls. The bislogy of the prototypic alphavirus,
Semliki Forest Vinus (SFV}, bas boen studicd extensively und geoe transfer vectors have been bused
on the SFV genoime (Garofl, H. and K.-1. Li {1998} Curr. Opin. Bivtectmol. 9:464-469), During
alphavirus RNA replication, o subgenomic RNA is zeneraled that nopmally encodes the viral capsid
proteins. 'This subgenomic RNA replicates to higher levels than the full Jergth genomic RNA,
resulting in the overproduction of capstd proteins refative to the viral proteins with enzyrmatic activity
{e.g.. pratease and pelymerase). Similarly, inserting the coding sequence for HPIE into the
alphavinig gename 16 place of the capsid-coding region results in the production of 2 large nomber of
HPDE-coding RMAs and the synthesis of high levels of HPDIE i|;| vector transduced cells. Whils
alphavirus infection s typically associated with ceil lysis within a few days, the ability 1o establish a
persistent infection in hamster normal kidney colls (BBE-21) with a variant of Sindbis vims (SIN)
indicates that the |ytic replication of alphaviruses can be altered to suit the nesds of the wepe therapy
application (Dryga, S.A. et al. (1997} Virology 228:74-83). The wide host runge of alphaviruses will
allow the introduction of HPDE into a varicty of ccll types. The specific transduction of a subsct of

- cells in a population may require the serting of cells prior to wansduction. The methods of

manipulating infectious cDNA clones of alphuviruses, performing alphavirus cDNA and RNA
transfestions, and performing alphavires infections, ate woll known to those wilh ordinary skill in the
att,

Oligonucleorides derived from the transeription initiation sie, e.g., between about positians
10 and +19 fram the start sile, muay also be smployed to inbibit geve expression. Similarly,
inhibition can be achieved using friple helix hase-pairing methodotogy. Triple heltx painng is useful

bocanse it causes inhibition of the ability of the double helix to open sufficiently for the binding of
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polymerases, fransceiption factors, or regalatary molecyles. Recent therzpentic advances using
triplex DINA have been described io the literatre. {See, e.g., Gee, LE. et al. (1954} jn Huber, B.E.
andl B.T. Curr, Molecular and bmmenologic Appraches. Fuiura Publishing, Mt. Kisco NY, pp. 163-
L77) A complementary sequence or antisenge molecale may also be desiened to block translation of
mRNA by preventing the transeripi from binding to ribosomes.

Ribozymes, enzymatic RMA molecules, muy also be used to cutulyze the specilic clewvage of
RNA. ‘The mechanism of ribezyme action invalves sequence-specific hybridization of the ribozyme
malecnle to complementary target RNA, followed by endonucieolytic cleavage. For example,
engineered hammerhead maotif ribozyme molecules may specitically and efficiently catalyze
endenucleqlytic cleavage of sequences encoding HPDE.

Specific ribozyme cleavage sites within any potential RNA target are initially identified by
scanning the target molecule for nboayme cleavage sites, including the following sequences: GUA,
GUL, and GUC, Onee identificd, short RINA sequences of between 15 and 20 ribonuclcotides,
corespoiding to the region of the lurget gene containing the cleavage site, may be evaluated lor
secondary structural features which may render 1he oligonucteotide inoperable. I'ha suitability of
candidate argers way alse be evalnated by testing accessibiluy ro hybridization with complementary
wligenuclentides using ribormclease protection assays.

Complementary ribonucleic acid mokectles and ribowymes of (e invention may be prepared
by any methed known in the art for e synrhesls of nueleic acid molecules. These includa technigues

for chermcally synihesizing oligonucicatides such as solid phase phosphoramidite chemical synthesis.

Alternatively, RNA wolecules may be generated by in vitro and io vivo transeription of DNA
sequences encoding FIPDE. Such DNA sequences may be incarporated into a wide vartety al vectors
with svitable RINA. polymerase promoters such as 17 or 5P6. Alternatively, those cDINA constructs
ihat synthesize complementary RNA, constitutively or inducibly, can be introduced into cell lines,
cells, or tissues.

RENA melecales may be modified 1o increase intracellular stability and batf-life. Possible
medifications include, but are not limited o, the addition of flsuking sequences ai the 5 andfor 3°
ends of (he molecule, or the use of phosphorothioate or 2° O-methyl rather than phosphediesterage
linkages within the backbone of the molecule, This concepl is inherent in the production of FNAS
and can be extendad in all of these molecules by the inclusion of nontraditional bases such as mosing,
gueosine, and wybntosine, as well as acetyl-, methyl-, thio-, and similarly modifiad forms of adenine,
cytidine, puaring, thymine, ard uriding which are not as easily recognized by endogenous
endotucieases.

An additional embodiment of the invention encompasses 4 method (or sereching for a

sompound which is effective in altering expression of a polynucleotide encoding HFDE. Cormpounds
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which may be effective w alteting expression of a specific polynucleotide ruay inclode. but are not
limited to, oligonucleotides, antisense oligonuclectides, triplc helix-forming oligomcleatides,
franseription tactors and other polypepiide transeriptiunal regulalors, and non-rnacromolecalar
chemical entities which are capable of interacting wirh specitic pelynucleotide sequences. Effcetive
compounds may alter polyouclectide sxpression by acting as cither inhibitors or promoters of
polyrucleotide expression. Thus, in the trcatment of disorders associated with increased BFDE
expression or activity, a compaound which specifically inhibits expression of the polynucleatide
encuding HPDE may he therapeutically usefal, and in the treatment of disonders associsted with
decreased HPDK expression or activity, a compound which specifically promotes expression of the
polynucleotide cnceding HPDE may be therapeutically nseful.

Al least one, and up to a plurality, of test compoonds may be screcned for effectiveness in
altedng expression of a specific polynucleotide. A test compound may be obtained by any method
commanly krown in the art, including chemical inadificalion of 4 compound known to be affactive in
altering polymacleotide expression; selection from an existing, commercially-available or proprietary
library of naturally-occurring or nen-namral chetical compounds; rational design of 1 compound
based or chemical andfor structural properties of the target polyaucleotide; and selection from a
bbrary of chemical compuunds created combinatorially or randomly. A sample comprising &
palynucleotide encoding HPDE is exposed 1o ut least one test compound thus obtained. The sample

may comprise, for exanmple, an intact or permeabilized cell, or an jo vitro cell-frec or reconstituted

biochemical system. Alterations in the expression of & potynuclectide encoding HPDE arc assayed
by any methed commonly known in the art, Typically. the expression of a specific aucleotide is
detected by hybridization with a probe having 2 nucleotide sequence complementary o the ssquencc
of the palynucleotide encoding HPDE. The amount of hybridization may be quantitied, thus forming
the basis for a comparison of the expeession of the polyuueleatide both with and without exposute to
one or more test compoeunds. Detection of a4 change in the expression of a pelymicicotide exposed to
2 test compound indicates that the test compound is effective in ultering the expression of the
padynuclectide. A screen for a compound effective in altering expression of a specific polynucleotide
can be carried out, for exaraple, using a Schizosaccharomyces pombe gene expressicn system
(Atkins, D. et al. (1999 U.S. Patent No. 5,932,435; Arndt, G.ML. et al. {2000) Nucleic Acids Res.
28:E15) or a human cell lios such as HeLa cell (Clarke, MLL. et al. (2000} Biochem. Biophys, Res,
Commun, 268:8-13). A particular embodiment of the present invention invalves sureening a
combinatorial library of eligonucloatides (such as deoxyribonuclectides, dbonuctevtides, poptide
nucleie acids, und modified oligonucleotides) for antisense acrivity apainat a specific polymrcleotide
sequence (Braice, T.W. et al. (1397) LS. Patent Ne. 5,686,242; Bruice, T.W. et al. (2000 U.S.
Patent No. 6,022,671},
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Many methods for introducing vectors into cells or tisspes are available and equally wuitabie

for use jn vive, in vitro, and X vive. For ox viva therapy. veeters may be inteoduced into stam cells

taken from the patient and clonally propagated for autolopeus transplant hack nta that same parient.
Delivery by transfection, by liposome injections, or by polycationic amino polyaiers may be actueved
using mcihods whick are well known in the art. (See, &.z., Goldman, CI et al. (1997) Nat,
Biotechnol, 15:442-446.)

Any of the therapeutic methods described above may be applied to any subject in need of
such therapy, including, for example, manunals such as hamans, dogs, cats, Lows, orses, rabbirs, and
inonkeys.

An additional embodiment of the invention relates to the adminisiration of a compaosition
which gonerally comprises an 2ctive ingredient fornwlated with & phamacentically acceptable
cxcipicnt. Excipients may include, for example, sugars, starches, cellutoses, gums, and prolsins.
Various formulations are cormonty known and are thoroughly discossed i the laest edition of
Remington's Pharmacentical Seiences (Maack Pablisliog, Enston PA). Such comapositions may
consisi of JIPDE, antibodics ta [TPIYE, and mimetics, agonists, antagonists, or inhibitors of HPDE.

“I'he compasitions utilized in this invention may be administered by any number of routes
including, but aot limited to, oral, inttavenons, inramuseular, intra-arterial, intramednllary,
intrathecal, Intraventricular, pulmonary, transdermal, subeutaneous, intraperitoneal, intranasal,
enteral, topical, sublingual, or rectal means.

Compositiens for pulmounary administrarion may be prepared in fiquid or dry powder form.
These cotnpasitions are generally accosolized inuncdiately prior to inhalation by the patient. In the
case of small mofeeules (o.g. traditional Jow molecular weight organic drugs), aeroso] delivery of
Tast-acting formulations is well-known in the art. In the case of macromolcenles {e.g. larger peplides
and proteins}, reeent developruents io the ficld of pulmeonary delivery via the alvsolar cegion of the
fung have enahled the practical delivery of drgs such as insulin (o blood circulation (see, e.g., Patlon,
I8 vtal, US. Patent No, 5,947 848). Pulmonary delivery has the advantage of administration
without peedle injection, and obviates the need for potentially toxic penstration enbancers.

Compozitions suitable for use in the invention include compositions wherein the aclive
ingredients are contained in an effective amount to achieve the intended purpose. The determination
of an cffective dose is well within the capubility of those skilled in the art.

Speciatized fonms of compositions may be prepared for direct intracellular delivery of
macromolecules comprising HPDE or fragmeats thereof. For example, liposome preparations
containing a cell-impermeable macromolecule may promote cell fusiop and intracellular delivery of
the macromelecule. Allemutively, HPDE or a fragment thereaf may bo joined to a short cationic N-

terminal poctfon from the HIV Tat-1 protein. Fusion proteins thus generated have beew: found to
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transdpee o the cells of ald fusues, including the brain, io a mouse model system (Schwarze, 8R. ot
al. (1999) Science 285:156%-1572).

For any compound, the therapeutically effective dose can be estimated initially either in cell
culture assays, &.g., of neoplastic cells, or in animal models such as mice, rafs, xabbits. dogs.
nonkeys, or pigs. An animal model may also be uscd to dotermine the appropriate concentration
range and route of administration. Such infarrnation can then be used to determnine useful doses and
rontes for administration in humans.

A therapeatically effective dose refers o that amount af active ingredient, for example BPDE
or fragnents thereof, antibodies of HPDE, and aganists, antagonisis or inhibiters of HPDE, which
ameliorates the symptoros or condition. Therapeutic efficacy and toxicity may be determined by
standacd pharmaceutical procedures in cel? cultures or with experimental antmals, such as by
calculating the ED, (the dose therapeutically effective in 50% of the population) or L1y, (Lhe doss
tethad to 50% of the popuiation) statistics. The dose ralio of toxic to therapeutic effects is the
therapeutic index, which can be expressed as the LD,yED, ratio. Compasitions which exhibit large
therapeutic indices wre preferred. The data obtained from call culture assays and animal studies are
used to formulate 4 range of dosage for hurnan use. The dosags contained ig such compositions is
preferably within a range of circulating concentrations that includes the EDg, with Jittle or na Loxicity.
The dosage varies within this range depending upan the dosage form employed, the sensitivity of the
patient, and the route of administration,

Tbe cxact dosage will be determined fry the practitioner, in light of factors related o the
subyject requiring treatment. Dosage aud administration are adjusted 1o provide sufficient levels of the
active moisty or (o nmaintain the desired effect. Factors whick may be taken inle account include the
severity of the divease state, the gencral health of the subject, the age, weight, and gender of the
suhject, time and frequency of administration, dmg combination(s), reaction sensitivities, and
response to therapy. Long-acting compositions may be administered every 3 1o 4 days, every week,
or biweskiy depending on the half-lifc and clearance rate of the particular fosmulatton.

Normnal dosage amounts may vary from about 0.0 pg to 100,800 ue, up to a total dose of
about I gram, depending upon the route of adnunistration. Guidince as to particular dosages and
methads of delivery is provided in the literature and generally available to practitioncrs in the art.
Those skilled in the art will employ differcat fonmulations for nucleotides that for proteins or their
inhibitors. Similarly, delivery of polynucleotides or polypeptides will be specific to particular cells,

conditions, locations, etc.

DIAGNOSTICS
To another embodiment, antibodies which specifically bind HPRE way be used for the
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diagnosis of disordets characterized by expression of HPDE, or ip assays to manitor paticats being
treated with HPDH: or agonists, aniagonists, of inhibitors of HPDE. Antibadies useful for diagnostic
purposes may be prepared in the same manner as described ahove for therapeutics. Diagnostic assays
for HPDE include methods which utifize the aotibody and a label to datect HPDE in hupan bod‘y
fluids or in extracts of cclls or tissues. The antibedies muy be wsed with or withoul modification, and
may be labeled by covalent ar non-cavalent atiachment of 4 reporter molecule. A wide varicty of
reporter molecules, several of which are described abuove, atg known o the ast and may be used.

A variety of pratocols for measuring HPDE, including 1iLISAs, RIAs, and FACS, are known
in the art and provide a basis for diagnosing altered or abnormal levels of HPDE expression. Normal
ar standard values for HPDE expression arc established by combining bedy fluids or ccll extracts
taken from normal mammalian subjests, tor example, human subjects, with antibodies to HPDE under
conditions suitable for cemplex formation. “The ameunt of standard complex formation may be
quantitated by various metbods, such as photometric reeans. CGuantities of HPDE expressed in
subject, contral, and disease samples fram biopsied tissues are compared with the standard values.
Deviation briween standard and subject values establishes the parametecs for chagnosing disease.

In another cmbediment of the invention, the polynucleatides encoding HPDE may be used for
diagnostic purposes. The polynuclentides which may be used include oligonuclevtide sequences,
complenentary RNA and DNA molecules, and PNAg The polynucleatides may be used to detect
and quantity gens expression in biopsied tssues in which expression of HPDE niay he comelated with
disease. The dingnostic assay muy be used Lo determine absence, presence, and excess cxpression of
HPDE, and to monitor regulation of HPDE levels doring thevapeutic intervention.

In cne aspect, hybridization with PCR probes which are capabie of detecting polynucleatide
sequences, nchuding genomic sequences, encodiog HPDE or closely related molecules may be nsed
to identify nasleic acid ssquences which encads HPDE. The specificity of the prohe, whether it s
made from & highly specific region, e.g.. the 3’ regulatory region, or from a less specific region, .2, a
conserved motif, and the stringency of the hybridization or amplification will determine whether the
probe identifies only naturally occurting sequences encoding HIPDE, allelic variants, or relared
sequences.

Probes muy ulse be used for the detection of related sequences, and may bave at Joust 50%
sequence identity to any of the HPDE encoding sequences. The hybridization probes of the subject
invention may be DINA or RNA and may be derived from the sequence of SEQ ID NC:5-8 ot fram
genomic sequences inciuding promoters, enbancers, and imrons of the HFDE gene.

Means For producing specific hybridieation prabes for DNAs cncoding HFDE include the
cloning of polynucieotide scquances encoding HPDE or HPDE derivatives into vectors for the

production of mRMA probes. Such vecrars age known i the aet, are commercially avaitable, and may
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be used 1o synthesize RNA probes (o vitro by weans of the addition of the appropriate RMA
polymerases and the appropriatc labeled nucleotides. Hybridization prahes may be lubeled by a
variety of reporter groups, for example, by mdionuclides such as P or ', or by enzymatic labels,
such as alkaline phosphatase coupled ta the probe via avidin/biotin coupling systems, and the like.
Paolymucleotide sequences encadmg HPIDE may be used for the diagnosis of disorders
agsociated with expression of IPDE. Hzamples of such disorders inchade, but are not limited to, an
eye disarder, such as conjunctivitis, keratuconjunctivitis sivea, keratilis, eptsclentis, iritis, posterior
uveitis, glaucoma, amauresis fogax, ischemic optic neurnpathy, optic newritis. Leber's hereditary
optic reusopathy, roxic optic neuropatly, vitreous detachment, retinal detachwcnt, cataract, macular
depgeneration, central serous chortorctinopathy, retinitis pigmentosa, melanama of the choroid,
retrobulbar tumer, and chiasmal mmor; a neurological disorder, such as epilepsy, ischemic
cerebrovaseular disease, stroke, cerebral neoplasms, Alzheimer's disease, Plok™s digease,
Huntingion’s disease. dementia, Parkinson’s disease and other extrapyramidal disorders, amyotrophic
Jarcral selerosis and other motor neuren disorders, progressive newsal muscular atophy, retinitis
pigmentosa, hereditary ataxias, multiple sclerosis and otber demyelinating diseases, bacterizl and
viral meningitis, brain abscess, subdurat cmpyema, epidural abscess, suppurative intracranial
thromabophlebitis, myelilis and radiculitis, viral central nervous system disease, prion diseases
including kum, Creutzfeldi-Takob disease, and Gerstmann-Strausslec-Scheinker syndrome, fatal
familial insemmia, nutritional and metabolic diseases of the nervous systam, neurofibromatosis,
tuberous sclerosis, cershellaretinal hemangioblastamatosis, encephalotrigeminal syndrome, mental
tetardation and other developmental disordecs of the central nervous system including Down
syndrome, cerebral palsy, neoraskeletal disorders, sutonomic nervous system disorders, cranial nerve
disorders, spinal cord diseuses, muscular dysitophy and other neuromuscular disorders, peripheal
nervous system disorders, dermatormyositis and polymyositis, inkerited, metaboliz, endocrine, and
toxic myepathies, niyusthenia gravis, periodic parsiysis, mental disarders including moed, anxiety,
and schizophrenic disorders, teusonal ffective disocder (SADY), akathesia, amnesiz, catatonia,
diabetic nencopathy, taurdive dyskinesia, dystonias, paranoid psychosas, postherpetic peuralzia,
Tourettc’ s disorder, progressive suprannclear palsy, corticobasal degeneration, and fomihal
frontotemporal dementia; a cardiovascular disorder, such as arterfovenous fistala, atherosclerosis,
hypertension, vasculitis, Raynaud's disease, ansurysms, arterial dissections, varicose veins,
thrombophiebitis and phlebothrombosis. vasewar trmors, and complicarions of thrombalysts, balloon
angioplasty, vascular replacemept, and coronary artery bypass graft surgery, congestive heart failure,
ischemic heart disease, angina pectoris, myocurdial infarction, hypertensive heart disease,
degenerarive valvalar heart disease, caicific aortic valve stenosis, cangenitally bicuspid aortic valve,

mitral annular caleification, rmiteal valve prolapse, theumatic fever and rhemmatic heart discase,
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infective endocacditis, noobacterial thrombotic endocarditis, endocarditis of systemic lupus
erythematosus, carciouid beartt disease, curdiomyopathy, myocacditis, pericarditis, neoplastic heart
disease, congenital heart disease, and complications of eardiac transplantation. congenital g,
anomalies, atelectasis, pulmenary congestion and edema, pulmonary entbolism, pulonary
herorrhage, pulmonany infarction, pulmonary hiypertension, vasoutar sclerosis, obstnictive
pulinenary disease, resirictive pulmonary disease, chronic obstructive pulmonary disease,
emphysema, chronie bronchins, bronckial asthma, bronchiectasis, bacrerial pneumonia, vimt and
mycaplasmal pneurnonia, lung abscess, pulmonary whereuosis, diffuse interstitial diseases,
preurmncenioses, sarceidasis, idiopathic palmonary fibrosis, desquamative mterstitial pnsamonitis,
hypersensitivity pnevmonitiz, pulmonary ¢osinophilia bronchiolltis obliterans-organizing preumonta,
ditfuse pulmonary hemosrhage syadromes, Goodpastire’s syndromes, idiopathic pulmanary

hewesiderosis, pulmaonary involvement in collagen-vascular disolers, pulmonary lveular

prateimosis, ung mmors, inflamrmatery and neninflammatery pleural effusions, pneumothorax,
pleural tamors, drag-induced lung disease, radiation-indnced Inng discase, and complications of ling
wansplantarion; a cell proliferative disorder, such as actinic keratosis, arteriosclerosis, atherosclerosis,
buursirs, cirthosis, hepatitis, mixed connective fissue disease (MCTD), myelofibrosis, paroxysmal
nocturozl hemoglebinuria, polycyihernia vera, psorasis, primary thrombaocythemia, and cancers
jncluding adenocarcinoma, leukemia, lymphors, melanoma, mycloma, sarcoma, teratocarcinoma,
and. in particular. cancers of the edrenal gland, bladder, bone, bone marrow, brain, breast, cervix, gall
bladder, ganglia, gastrointestinel tract, heart, lkadpey, liver, lung, muscle, avary, pancreas,
parathyroid, penis, prostate, salivary glands, skin, spleen, tostis, thymus, thyreid, and uterus; and an
auteimomunc/inflammatory disorder, acquirted imumunedeficiency syndromes (AIDS). Addison™s
disease, adult respiratory distress syndrome, allergies, ankylosing spondylitis, amyloidosiz, ancniz,
asthina, atherosclerosis, antoinimune hemolytic anemi, autaimmune thyroiditis, anoimmuoe

polyendacrinopathy-candidiasis-ectodermal dystrophy (APECED}, bronehitis, cholecystitis, contact

dermatitis, Crohn's discase, atopic dermatitis, dermatomyositis, diahetes mellitus, emphysema,
episodic lymphopenia with [ymphocylotoxing, erythroblastosis fetalis, erythema nedosum, atrophic
gastritis, glomerulorephritis, Goodpasture's syndrome, gont, Graves’ disease, Hashimote's
thyroiditis, hyperecsinophilia, irdtable bowel syndrome, multiple sclerosis, myasthenia gravis,
myocardial o pericardial inflammation, ostecarthritis, osteaporosis, panaseatitis, polymyositis,
psoriasis, Reiter’s eyndrome, rhewmatoid arthritis, scleroderma, Sjdgren’s syndroms, systenic
anaphylaxis, systemic lupus erythematosus, systainie sclerosis, threrubocytopenic purpura, uleerative
colitis, uveitis, Wetner syndrome, complications of cancer, bemodialysis, and extracorporsal
civeulation, viral, bucterial, fuogal, parasitic, pretozon?, and belminthic infections, and teuma . The:

polynuclectide sequences encoding HPIDE maxy be ased in Southern or northerst analysis, dot blot, or
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other membrane-based techiologies; in PCR techoologies; in dipstick, pin, and multiformar ELISA-
Jike assuys; and in microarrays utifizing fluids or (issuex [rom patienls to detect altersd HPDE

expression, Such qualitati

ar quantitative methads are well known in the ar.

In a particular aspect, the nucleatide segeences encoding TP may be useful in assays that
detect the presence of associated disardors, partivularly those imentioned above. The nucleotide
sequences encoding HPDE may be labelod by standard methods and added to a finid or tssue sample
from 4 putient under conditicos svitable for the formation of hybridization complexes. After a
suitible ncubation period, the sample is washed and the signal is quantified and compared with &
standard valug. If the amount of signal in the patient sample is significantly altered in comparison to
4 control sumple then the presence of altered levels of puclestide sequences encoding HPDE in the
sample indicatss the presence of the asseciuied disorder. Such assays may also be used to evalvate
the efficacy of & particular therapsutic treatment regimen in animal studies, in elinjcal trials, of
monitos the rearmient of an individual patien:.

T order to provide a basis for the diagnosiz of a disorder associated with cxpression of
HPDE, « normal ar standard profile for expression is established. Thix may be accomplished by
combining body fluids or cell extracts taken from normal subjects, either anunal o human, with a
sequence, of @ fragment (hercof, encading HPDE, vader conditions svitable for hybridization or
amplification, Standard bybridization may be quantified by comparing the values ohtained from
normal subjects witk values from an experitnent it which a knawn amount of 3 substanttally purilied
pulynuclentide is used. Standard valwes obtained in this manner may be compared with values
ohtained from samples from patients who are symptomatic for a disorder. Deviation from stmdard
values is used o establish the preseoce of a disonder,

Onee the presence of a disorder iy established and a treatment protocel is mitiated,
bybridization assays may be repeated on a regular basis to determine if the level of expression in 1he
patient begins Lo approximate that which is observed in the normal subject. The results obtuined from
snceessive assays may be used to show the efficacy of treatment over 2 pericd ranging from several
days 1o months.

With respect to cancer, the presence of an abnormal ameunt of transcript (either under- or
overexpressed) in biopsicd vissue from un individual may indicate a predisposition for the
development of the disease, or may provide a means for detecting the disease prior to the appeurance
of actmat ¢linical symptoms. A mote definttive diagnosis of this type may ellow health professionals
1o employ preventative measires or aggressive treatment earlicr therehy preventing the development
ar further progression of the cancer.

Additional diagrostic uses for eligonuclestides designed from the sequences encoding HPDE

inay involve the use of PCR. These oligomers may be chemically synthesized, senevated
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enzymatically, or prodaced in vitee. Oligeimers wilk preferably contain o fraginent of & polynucicatide
cneoding HPDE, or a fragment of a polynucleotide complementary to the polyoucleatide encoding
HPDE, and wil] be cmployed under oplimized couditious for ideutification of a specific gene or

ns for detection o

condilion, Gligomers may alse be craployed under less stringent condi
quantification of <losely related DNA or RINA sequences.

In 2 parlicular uspect, oligonuelcotide primers derived from the polymclestide sequences
encoding [IPIJE may be nsed to detect single nucleotide polymurphisms (SNPs). SNPs are
substitutions, insertions angd deletions that are a frequent cause of inhevited ot acquired genetic
disease in humans. Methods of SN detection include, but are not limited to, single-stranded
conformation polymorphism {SSCP) and Fluorcscent SSCP (FSSCP) methods. In SSCP,
oligonucleotide primers derived from the polynucleotide sequences encoding HPDE are used to
amplify DNA using the polymetase chain ceaction (PCR). The DINA may be. derived, for example,
from diseased or normal tissye, biepsy samples, hadily fluids, and the like. SNEs in the DINA cause
differences in the sccondary and tertiary structares of PCR prochucts in single-stranded form, and
these differances are detectable using gel electrophoresis in non-denaturing gels. Tn f3CCP, the
oligonucleotide primers are fluorescently tapeled, which allows detection of the amplimers in high-
throughput equipment such as DNA sequencing machines. Additienally, sequence datubase analysis
methods, termed in sitico SNP (isSNP), are capable of ideotitying polymorphizms by comparing the
sequence. of individual overlapping DNA fragments which assernble into a common consensus
sequence. These cormputer-based methods filter out saquence varistions due to luboratory preparation
of DNA and sequencing errors using statistical models and automated analyses of DINA sequence
chromatograms. In the alternative, SNPs may be detected and characterized by mass spectromelry
using, for example, the high throughpat MASSARRAY system (Sequenam, Ine., San Diego CA).

Methods which may also be used to quantify the expressien of HPDE include radiolubeling or
biotinylating nucleotides, coamplification of a control nucleic acid, and interpolating results from
standard curves. (See, &g, Melby, P.C. et ab. (1993) 1. [mmunot. Methods 159:235-244; Duplas, C.
et al. (15933 Anal. Biochem. 212:229-234.) The sped of quantitation of multiple samples may be
accelerated by nunning the assay in a high-throughput format where the oligomer or polynaclectide of
interest is prasented in various dilutions and a spectrophotometric oF colorimelric response gives
rapid quantitation.

In further embodiments, oligenucleotides or Jonger fragments dertved from any of the
polynucletide sequencus described hersin imay be used s Slements on g iicroamy. The mizroarray
can be used in transcript imaging techniques which monitar the relative expression levels of large
numbers of gepes sinmltancously as described below. The microarray may also be used to identify

geoetic variants, inutations, and pelymorphisme. This information may he used to determine gene
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funetion, 1o understand the genetic basis of a disorder, 1o diagnose 2 disordor, to micnitor
prepression/rogiession of disease as a function of gene expression, and to develep and mmonitor the
activities of therapentic agents in the teatment of disease. In putticular, this information may be used
to develop « pharmacogenomic profile of a patient in order to select the most appropriate and
cffective treatracnt regimen for that patient. For example, therupeutic ugents which are highly
etfective and display the fswest side effects may be selected for a patient based on his/her
pharmacegenurnic profile.

Tn another embediment, HPDE, fragments of IIPDE, or antibodies specific for FIPDE may be

nsed as elements on a microamray. The microarray may be used to monitor or measare protem-pratein

interactions, drog-targot interactions, and gene expression profiles, as deseribed above,

A paticular embodiment relates to the vse of the polynucleotides of the present invention to
generale z ranseript inmge of « tissue or cell type, A transoript image represents (he global pattern of
gene expression by a particular tissue or cell type. Global gene capression paiterns are analyzed by
quantitying the number of expressed genes aned their relative abundance under given conditions and at
agven time. (See Seilkamer et al., “Comparative Gene Transoript Analysis,” UL5. Patent Namber
5,840,484, expressly incorporated by reference berein.) Thus a transeript image may be generated by
hyhridizing the polynucleotides of the present inventign gr their complements ko the lotalily of
transeripts o reverse transcripts of a partienlar tissoe or cell type. In one embadiment, the
Tybridization tzkes place in high-throughput formit, wherein the polyracleotides of the present
invention or their complements comprise a subset of a plurslity of elements en a micromrcay. The
resultant transeript image would provide a profile of gene activity.

Transeript images may be gererated using transeripts isolated from tssues, cell lines,
biopsics, or other biclogical samples. The transeript image may thus ceflect gene expression jn vivo,
as in the case of a tissue or biopsy sample, or in vitre, as in the case of a cell live.

Transcript images which profile the expressian of the polynucleatides of the present

invention may also be used o conjunction with iz vitro maodel systeme and preclinical evaluaiion of

pharowaccuticals, as well as toxicological testing of industdal and naturally-cecurring environmental
compounds. All compounds induce characteristic gene expression patlems, frequently termed
medecular fingerprints or toxicant signetares, which are indicative of mechanisie of action and
toxicity (Nuwaysir, EF. et al. {1999 Mol. Carcinog. 24:153-135; Sieiner, 5. and N.L. Anderson
{2000) Toxicol. Lett. 112-113:467-47 1, expressly incorporated by reference berein). It a test
compound has 2 signawure similar to that of a compound with known toxicity, it is likely to share
those toxic properties. These fingerprints or signatures are most useful and refined when they contain
expression information from a large number of genes and gene families. Ideally, a genome-wide

toeasutenent of expression provides the highest quality signatnre, Even genes whase expression is
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not alteced by any tested compounds are important as well, as the [evels of expression of these genes
are used to nermialize the rest of the expression dara. The nonnalization provedure is useful for
comparison of expression data atter treatment with different compounds. While the assignment of
rene function Lo elements of a toxicant signature aids in interpretation of toxicity mechanisms,
knowledge of genc futetion is ot pecessary for the statistical matching of signatares which leads to
prediction of texicity. (See, for example, Press Relzass 00-02 from the National Institute of
Environmental [{exlth Sciences, released Febroary 29, 2000, uvailable at

hitp:iiwww nichs.mib. gov/oc/pewsftoxchip.htm.) Thersfore, it is iroportant and desirable in
toxicological screening using laxicant signalures to include all expressed gene sequences.

In one embodiment, the toxicity of a test cormpound is assessed by treating a bivlogical
sminple containing nucleic acids wilk the test compound. Nuclelo asids that are expressed in the
treated binlogical sample are hybridized with one or more probes specific to the pelynuclentides of
the present invention, so that transcript levels corresponding to the polynucleotides of the presont
invention may be quantificd. The transcript levels in the treated biclogical sample are compared with
levels in an untreated biological samiple. Nifferences in the ranseript levels batween the two samples
are indicative of a toxic response caused by the test compound in the treated siunple,

Another particuiar embodiment telates to the use uf the polypeptide sequences of the present
invention to analyze the proteome of a tissus or cell type. The torm proteome refers to the global
pattern of protein expression in a particular tissue or cell type. Fach protein component of a
proteome can be subjected individually to further analysis. Proteome cxpression pattems, or profiies,
are analyzed by quantifying the number of expressed proteins and theic relative abundance undec
given conditions and at a given time. A profile of a cell’s proteome may thus be gencrated by
separating and analyzing the polypeptides of a partioelar tissue or cell type. 1o one embodimoent, the
scparation is achieved usitig two-dimensional gel clectropharesis, in which proteins from a semple are
separated by isoelectric focusing in the ficst dimension, and ther according to molecular weight by
sodivm dadecyl sulfate slab gel electzophoresis in the second dimansion (Steiner and Anderson,
supra). The protcins are visualized in the gel as discrete and wuiguely positioned spots, typically by
slaining the gel with an agent such as Coomassie Blue or stiver or fluorescent statns. The optical
density of each protein spot is generally proportional to the level of the protein in the smnple. The
aptical deusilies of equivalontly positioned protewn spats from different samples, for example, from
Biolagica! samples cither trealed or untreated with a test compound or therupeutic agent, are
comparcd to identify any changes in protein spet density related to the treaiment. The proteins in the
spots are partially sequenced using, for example, standard mothods earploying chemical or enzymatic
cleavage followed by mass spectrometry. The identiry of the protein in & spot may be determined by

vomparing its partial sequence, preferebly of at least 3 contiguaus amine acid residues, to the
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patypeptide sequences of the prosent inveation. In some cases, further sequence data nay be
ohtained for definitive peotein ident fication.

A proleomic protfile may lso be gencrated using antibodies speeific for HPDE to quantify the
Tevels of HPDE expression. In one embadiment, the antibodies are used as elements on 2 nycrearray,
and protem expression levels are quantifted by exposing the microurray to the sample wnd detocting
the levels of protein bound to each artay elerent (Lueking, A. et al. (1999) Anal. Biochem. 270:103-
111; Mendoze, L.G. et al. (1999} Biotechniqnes 27:778-788). Detection may be performed by a
variety of methods known in thz arl, for example, by reacting the proteing in the sample with a thicl-
or amino-resctive Flusrescent compouwnd and deteeting the amount of fluorescence bound at each
accay element.

Toxicunt signatures at the proteome level are alsa nseful for toxicelogical screening, and
should be analyzed in parallcl with foxicant signatures at the transcript level, There is a poor
correlation betweeq transeript and protein abundances far some proteing in some tissues (Andecgon,
N.L. and J. Seilhamer (1997) Electrophoresis 18:333-337), so proteome toxicant sigratures may be
useful m the analysis of compounds which de net significantly affect the transcnpl image, but which
alter the proteomic profile. In additien, the analysis of wanseripts in body fluids is diffienle, due o
rapid degradation of mRMA, so proteomic profifing may be more reliable and inforrmative in such
cases.

Iz anather embodiment, the 1xicity of a test compound is assessed by ireating a biokgical
sample centainiag proteins with the test compound. Froteins that are expressed in the treated
hialogical sample are separaled %o (hal the amount of each protein can be quantified. The amount of
cach protein is compared fo the amount of the conesponding protein in an untreated biclogical
sample. A difference in the amount of protein between the two samples is indicative of a toxic
response to the test compound in the treated sample. Individual preteins are identified by sequencing
the armino acid residees of the individoal proteing and comparing these partial sequences to the
palypeptides of the present invention.

T another embodiment, the toxicity of a test compound 1s assessed by treating a pological
sample containing proteins with the test compound. Proteins from the biclogical sample arc
incubated with antibodies specific w the polypeptides of ihe preseot invention. The amount of
protein recognrized by the antibodies is quantified. The amount of protein jo the treated hiclugical
sample is compared wilk the amennt in an untreated biological sample. A differeuce in the amount of
pretein between the two samples is indicative of 2 Loxic response to the text compound in the teated
sample.

Microarrays may be prepared, used, and analyzed using methods krown in the art. (See, ez,

Bremman, T.M. et al. (1995) U.S. Patent No. 5,474,796; Schena, M. et al. (1996) Proc. Natl. Acad. Sci.
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USA 93:10614-10619; Baldeschweiler et 2L (1995) PCT application WOR3/251116; Shalon, D. et al.
{1995) PCT application WO95/35303; Heller, R.A. et al. (1997} Proc. Natl. Acad. Sci. USA 94:2150-
2155, and Heller, M.J. et al. (1997) U.S, Puent No. 5,605,662.) Varions types of microasrays ae
well known and thoroughiy doscribed in DNA Microarrays: A Practical Approach, M. Schena, ed.

(1895) Oxford University Press, Lendon, hereby expressly incorporated by reference.

In another embodiment of the inveation, nucleic acid s2quences enceding HPDE may be used
e generate hybridization probes uselul in mapping the naturally geeurring genemic sequence. Either
coding or noncoding sequences may be used, and in some instanves, poncoding scguences may be
preferable over coding sequences. For cxample, conservation of a coding sequence among members.
of a multi-geoe family may potentially cavss undesiced cross hybridization during chromesomal
mapping. The scquonces may be mapped to 2 particular chromosome, to a specific region of o
chromosame, of 10 artifeial chramosome constroctions, e.g., hurman artificial ehomosomes (HACS),
yeast ailifictal chromosorees (Y ACs), bacterial artificial chromosemes (BACs), bactesial P1
constructions, or single chromoesome cDMA librartes. (See, ¢.g., Harrington, 1.J. et al. {1997} Nat.
Genet. 15:345-355; Price, C.M. (1993) Blood Rey. 7:127-134; and Trask, B.J. (1991) Trends Genet
7:149-134)) Once wapped, the nucleic acid sequences of the invention may be used 1o develop
genetic linkage maps, for exarmple, which correlate the inheritance of a disease state with the
inhertance of a particular chromosviue reglon oF restricton fragment Jength polymorphism (RELF).
{See, for exaiple, Lander, E.S. and D. Botsicio {1986} Proc. Nacl. Acad. Sci. USA 83:73533-7357.)

Fluorescent in sitn hybridization (FISH) may be correlated with other physical and genatic

map dak. (See, e.g., Hetnz-Ulrich, er al. (1995} io Meyers, supr, pp. $65-968.) Bxamples of genetic
map data can be found in various scientific journals or at the Online Mendelian nheritance in Man
{OMIM) World Wide Web site. Cerrclation berween the Incariop of the gene encoding HPDH on &
physical map and & specific disorder, or a predisposilion to a specific disorder. may help define the
rogion of DA associated with that diserder and thus may further positional cloniog efforts.

1o situ bybridization of chromosomal preparations and physical mapping techniques, such as
linkage analysis using established chromosomal markers, may be wsed for extending geneilc roaps.
Ofteo the placement of a gene on the chromosome of ancther mammalian specics, such as mouse,
may reveal associated markers even if the exact chromosemal locus is not known. This information is
valuahle to investigutars searching for disease genes wsing positional cloning or other gene discovery
techniques. Onee the yene or gones rosponsible for a dissase or syndrome have been crudoty
locatized by genetic linkage to 2 particular genomic regien, ¢.g., ataxia-telangiectasia to 11q22-23,
Ay SCQUCNCEs mapping to that aren may represent assaciated or regnlatory genes for funther
investigation. (See, e.g., Gatti; RA. ot al. (1238} Nature 336:577-380.) The nucleotide sequence of

the: instant tnvention may also be used io detect differences in the chromosomal location due to
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translocation, inversion, etc., among normal, carrer, vr affected individuals,

In another cnbodiment of the invention, HPDF, its catalytic er immunogenic fragments, or
eligopeptides thersof can be nsad for scresning libraries of compounds jo any of a vartety of drug
sereeping techmiques, The fregmecnt enployed in such serecning may be free in solution, alfixed tou
solid supporl, borne en a coll surface, or lacated intracellularly. The formation of binding complexcs
berween HIDE and the zgent being tested ray he measurad.

Anotlrer technique for diug sereening provides for high throughput screening of compounds
having suitable binding affinity to the protein of interest. (See, c.p., Geysen, et al. {1984) PCT
application WOR4/03364.) In this method, large numbers of differant small test compounds are
synthesized on 4 solid substrate. The test compounds ave reacted with HPDE, or fragments thereof,
and washad., Bound HPDE is then detected by methods well known in the art. Purified HPDE can
alzo be coated direcily onto plates for use in the aforementioned drug screening techniques.
Alternatively, non-oeutralizing antibodies can be used 10 capluce ithe peptide and immobilize it ona
solid suppont.

In another cmbodiment, one may vse competitive drug seresning assays in which oeutralizing
antibadies capable of bindiog HPDE specifically compeic with a test compovnd for binding HPDE.
In this munner, antibodies can be used to detect the presence of any peptide which shares one or more
antigenic determinants with HPDE.

In addinonal embodiments, the nucleotide sequences which encode HPDE may be used in
any melecular biology techrignes that have yet to be develaped, provided the new lechnigues rely on
praperties of nucleotide sequences that are cosrently known, includibg, buk not limited to, such
properties as the triplet genetic code and specific base pair interactions.

Without further cluboration, it is belicved that oue skilled in the art can, using the preceding
description, utilize the present invention o its fullest extent. The following embodiments are,
therefore, to be construed as merely illustrative, and cot limtative of the termainder of the disclosure
in any way whatsoever.

The disclosures of all patents, applivations and publications, mentioned above and below,
inclading U.3. Ser. No.00/213,74 ), 60/218,234, and 60/241,100, are expressly incorpurated by
relerence herein.

EXAMI'LES
L Construction of cINA Libraries

Ineyte cDMNAS were derived from ¢ DA libraries descrihed 1o the LIFESEG GOLD database
(Tneyte Genomics, Palo Alte CA} and shown in Table 4, column 5. Some tissues were homopenized
and Tysed tn guanidiniwm isothiocyanate, while others were homogenized and lysed in phenol or in a

suitable mixture of denaturants, such as TRIZO). (Lite Technologies), a monophasic solution of

61



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

30

15

(145)

WO 01795471 POTIUSOL20140

phenol and guanidine isathiocyanate. The resulting lysates were contrifuged over CsCl cushions or
extiacted with chloroform. RNA was precipitated from the [ysates with cither isopropanel or sodvm
acetale and ethanol, or by other routine metheds.

Phencl extraction and precipilation of RNA were repeated as pecessary (o increase RNA
purity. In seme cascs, RINA was treated with DNase, For most [ibraries, poly{A}+ RNA was isolated
using alige d{1)-coupled parsmagnatic particles (Promega). OLIGOTIEX latex paricles (QTAGEN,
Chatsworth CA3, or an OLIGOTEX mRNA purification kit JQIAGEN). Altcmatively, RINA was
isolated directly fram tissue lysates using other RNA isolation kits, e.p., the POLY(AJPURE mBENA
purification kit (Ambion. Austin TX).

T some cases, Stralagene was provided with RMA and coustructed the comesponding ¢DXA
Jibraries. Otherwise, cDNA was synthssized and c[2NA libraries were canstrocted with the UNLZAP
vector system (Stratagens) or SUPLRSCRIPT plasmid systemn (Life Technologies), using the
recomunended procedures or similar mocthods known is the ait. {Sce, ¢.g., Avsubel, 1997, supra, units
5.1-6.6.} Reverse {ranscription was initiated nsing oligo d(T} or random primers. Synthetic
aligenucleotide adapters were ligated ta double stranded ¢I3NA, and the cDINA was digested with the
approprinte restriction enzyne o cnzymes. For most libraries, the ¢DNA was size-selected (300-
1000 bp} wsing SEPHACRYL S100, SEPHAROSE CL2B, or SEPITAROSE CLAR coluron
chromatography {Amoersham Pharmacia Biotech) o preparative agaroso gel electrophoresis. €DMAS
were ligated into compatible restriction enzyme sites of the polylinker of « suitable plasmid, ¢.g.,
PBLUESCRIPT plasmid {Stratagens), PSPORT1 plasemid (Life Techuolugies), PCDNAZ2.1 plasodd
(Invitrogen, Carlsbad CA), PBE-CMYV plasmid (Stratagenc), or pINCY (Ineyte Genormics, Palo Alto
CA), or derivatives thereof. Recambiranat plasmids were transformed wto competent E. cali cells
including XL1-Blue, XL1-BleeMRF, or SOLR from Stratagene or DHSw, DH10B, or ElectroMAX
DHI0R from Life Technologies.

IL Isolation of cDNA Clunes

Plasmids obtained as described in Bxample 1 were recovered fromhost cells by in viva

excision using the UNIZAP vector system (Stratagene) or by cefl lysis. Plasmids wers pueified using
at least one of the following: a Magic or WIZARD Minipreps DNA purification systen (Promega}; an
AGTC Miniprep purification kit {Edgc Biosysterns, Gaithersburg MLY); and QIAWELL § Ptasmid,
(IAWELL 3 Plus Plasimid, QIAWELL 8§ Ultra Plasmid purification systems or the RE.AL. PREP 96
plasmid purification kit from QIAGEN. Following precipitation, plasmids were resuspende in 0.}
ml of distiled warer and stored, with or without lyophilization, at 4"C,

Alernatively, plasmid DNA was amplified from host cell lysates nsing direet Link PCRina
high-throughput focmat (Rao, V.B. (1994) Anal. Biochem. 216:1-14}. Host cell dysis and thermal

cycling steps were cacried out in a single reactior mixmre. Stnples were processed and stored in -
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384-well plates, and ihe concentration of amplified plasmid DNA was quantified fluorometrically
using PICOGREEN dye (Molecular Probes, Engenc OR) and a FLUOROSKAN I [lsarescence
scanner {Labxystems Oy, Helsinki, Tinland).

III. Sequencing and Anafysis

Incytc cDNA recovered in plasmids as described in Example Il were sequenced as tollows,
Sequencing reactions were prooessed using standerd methods or kigh-throughput instramentation
suzch as the ABI CATALYST 800 (Applicd Biosystems) thermal cyeler or the PTC-20 thermal
cycler (MI Research) in confunction with the HYDRA microdispenser (Robbins Scicntific} or the
MICROLAB 2200 (Hamilton} liguid transfer system. ¢DNA sequencing reastions were prepared
using reageols provided by Asmersham Pharmacia Biotech or supplicd in ABT sequencing kits such as
ihe ABI PRISM BIGDYE Terminator cycle sequencing ready reaction kit (Applied Biosystems).
Electropheretic separation of eDNA sequencing eeactions and detection of labeled polynueleotides
were carried out using the MEGABACE 1000 DNA sequeaciag systen {Molecular Dynamics}, the
ABIPRISM 373 or 377 sequencing system (Applied Biosysiems) in conjunction with standard ABI
protocols and base calling software; or olber seyucnce analysis systems known in the art. Reading
frames within the cDNA sequences were identified using standard methads {reviewed in Ausubel,
1997, supra, unir 7.7). Some of the cDNA sequences were seleciad for sxtension vsing the technigues
disclased in Example VI,

'The polymucleotide sequences derived from Ineyte cDNAs were validated by removing
veutor, linker, and poly{A) sequences and by masking ambignaus bases, using algorithms and
programs based on BLAST, dynamnic progrenuning. and dinucleotide neacest neighbor analysis. The
Incyic ¢cDNA sequenves or translations thereof were then queried ugainst 4 selection of public
databascs ench as the GenBank primate, radent, mammalian, vertebrate, and sukaryote databases, and
BLOCKS, PRINTS, DOMO, PRODOM, and hidden Markov model (HMM)-based protein family
databases such as PEAM. (HMM is 4 probabitistic appreach which analyzes consenses primary
structures of gene fanilies, Ses, for sxample, Eddy, S.R. {1996} Curr. Opin. Struct. Biol. 6:361-365.)
The querics were perfonned using programs based on BLAST, FASTA, BLIMPS, and HMMER. The
Incyte cDMNA scquences were assembled to produce full length polyoucleotide seguences.
Alternatively, GenBaok ¢DNAs, GeoBank ESTs, stitched scquences, siretebed sequences, or
CGenscan-predictad coding sequences (see Examples TV and V) were used 10 extend Incyte cDMNA
assemblages o full Jength. Assembly was performed using programs based on Phied, Plhrap, and
Consed, and cDINA assemblages werc sereened lor open reading frames using programs based on
GepeMark, BLAST, and FASTA. The full length polyuucleotide scquences were translated o derive
the carresponding full length polypeptide sequences. Allernalively, a polypeptide of the invention
may begin at any of the methionine residues of the full length translated polypeptide. Foll length
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polypeptide sequences were subsequently analyzed by querying against databuses such s the
GienRank protein databases (genpept), SwissProt, BLOCKS, PRINTS, DOMO, PRCDOM, Prosite,
and hidden Markov model (HMM)-based protein family databases such as PEAM. Full length
polynucleotide sequences are alse analyzed using MATIDNASIS PRO software (Fitachi Softwime
ingincering, South San Francisce CA} and LASERGENE software (DNASTAR). Polynucleotide
and polypepitde sequencs alignunents are generated using default paransters specified by the
CLUSTAL algorithm us incorporaled inlo the MEGALIGN muliisequence alignment progrant
(DNASTAR), which alse caleulates the percent identity between aligned sequences,

Table 7 summarizes the tools, programs, and algorithms used for the analysis and assembly of
Incyte cDINA and full length sequences and provides applicable descriptions. references, and
threshold parameters. The first column of Tahlo 7 shows the tools, pragrams, and algorithms used,
the second column provides brief descoptions thereof, the thivd column preseats appropriate
references, all of which are incorperated by reference herein in their entirety, and the fourth colunn
presents, where applicable, the scores, probability values, and othee parametais vaed to evaluate the
strength of a match between two sequeaces (the higher the score or the lower the probability value,
the greater the identity between two scquences).

The programs described ahove for the assembly and analysis of full length polynucleotide
and polypeptide sequences were also used to identify polynucleotide sequence fragments from SEQ
D NO:5-8. Fragments from about 20 to about 4000 nucleotides which are useful in hybridization and
amplificution technalopies are described in Table 4, column 4,

V. Identification and Editing of Coding Sequences from Genomic DNA

Futative phosphediesterases were inftially identified by running the Gensean gene
identification progran against public penomic sequence databases (e.g-, gbpri and ghhtg). Genscan is
a gencral-purpose gene identification program which analyzes genomic IDNA sequences from a
variely of organisms (See Burge, C. and 8. Karlin (1997 J. Mol. Biol. 268:78-94, and Burge, C. and
$S. Kartin (1998) Curr. Opin. Struct. Biol. 8:346-354). The program concatenates predictad exons
form an assembled cDNA sequence sxtending from a methionine to @ stop codon. The output of
Gensvan is a FASTA dutabase of polynucleotide apd polypeptide sequences. The maximum range of
sequence for Genscan to analyze at nnce was set to 30 kb, To deterrdine which of these Genscan
predicted <DNA sequences cneode phosphodiesterases, the encoded polypeptides were analyzed by
querying against PFAM models for phozphodiesterases. Potential phosphadiesterases were also
ilencified by bomology to Incyie cDNA sequences that had been annotated as phosphodicsierases,
These selected Genscan-predicted sequences wers then compared by BLAST analysis to the genpept
and phpri public databases. Where necessary, the Genscao-predicted sequences were then edited by

comparison 10 the top BLAST hit from genpopt to correct crrors in the sequence predicted by
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Gengsean, such a8 exira or amitted excns. BLAST analysis wag also used (o (ind any Incyte cDNA or
public cDNA coverage of the Genscan-predicled sequences, thus providing evidence for rranscription,
When Tncyte cDINA coverage was available, this iofermation was used to correct of conform the
Genscan predicted sequence. Full length polynucleolide sequences were oblained by asseinbling
Censcan-pradicted coding sequences with Incyte cDNA sequencas and/or public cDNA sequences
using the assernbly process described in Example 0L Aliernatively, full length polynucleotide
sequences were detived entirely from edited o onediled Guascan-predicted coding sequences.
V. Assembly of Genomic Sequences Data with cDNA Sequence Data

Partiad cDNA sequenpces were exiznded with exons predicted by the Genscan gepe
identification program described in Example IV. Partial cDNAs assembled as described in Example
I were mapped to genomic DNA, and parsed into clusters containing related ¢DMAs and Genscan
exon predictions from one or more genomic sequences. Tach cluster was analyzed vsing an algorithm
based on geaph theory and dynamic programming to integrate cDNA, aud genomic information,
generating possible splice variants that were subsequently confirmed, cdiled, or extended to create a
fall length sequence. Sequence intervals in whick the entire length of the interval was present on
more than ane sequence 1 the chister were ideptified, and intervals thus identified were comsidered to
he equivalent by weansitivity. For example, if an interval was present on » cDNA and two geroimic
sequences, then all three intervals wece considered o be equivalent. This process allows unrelated
hut consecutive genamic sequences to be hrought together, bridged by cDNA sequence. Tntervals
thus identified wore then “stitched™ together by the stitching algorithm 1o the order thal they appear
along their pacent sequences to gencrate the longest possible sequence, as well as sequence variants.
Linkages berween intervals which procesd along one type of parent sequence (¢DNA to cDNA or
gEnomic sequente 1o FENdImic sequence} wers given preference over linkages which change pacent
type fcINA to genemic sequence). The resultant stitched sequences were translzled and compared
by BLAST analysis to the genpept and ghpri pebic databases. incorrect exons predicted by Genscan
were correcied by comparisen to the top BLAS'T hit from goopept. Seguences were further extcaded
with additional cDNA sequences, or by inspection of genomic DNA, when neccssary.
Stretched” Spquences

Partial DMNA sequences were extended to full length with an algorithm hased on BLAST
analysis. First, partial cDNAs assembied a5 describer in Example 1T were queried against public
databases such as the GenBank primate, rodent, mammalian, vertebrate, and eukaryote databases
using the BLAST program. The nenrest GenBank peotein homolag was then compared by BLAST
analysis to either Incyte cXNA sequences or GenScan exon predicted sequences deseribed in

Bxample IV. A chimeric prolein was generated by using the resultant hiph-scoring segment pairs
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{FI5Ps) to map the ransleted sequences onto the GenRank protein komolog. Insertions or delotions
may ocenr it the chimeric protein with respect to the original GenBank protein homolog. The
GenBank protein hamolog, the chimeric protein, or both were used as probes to soacch for
homologous genomic sequences from the public human genome databases. Partial DINA sequences
were therefore Vstretched” or oxtended by the addition of homalogous genomic sequences. The
resultant sretched sequences wene examined to determine whether it contained a complote gene.

YL o 1 Mapping of HPDE Encoding Poly |

The sequences which were used to assemble SEQ [D NO:5-3 were commared with sequences
from the Incyte LIFESEQ database and public domain databases using BLAST and other
implementations of the Smith-Watennan algorithm. Sequences from these databases thas macched
SEQ 1D NO:S-8 were assembled into clusters of contiguous and overlapping sequences nsing
assembly algorithras such as Phuap (Table 7). Radiation hybrid and genetic mupping data available
from public rescurees such as the Stanford Burman Genome Center (SHGC), Whitehead Institute for
Genavae Research (WIGR], and Généthon were used 19 defermine if any of the clustered sequences
bt been previonsly mapped. Inchusion of a mapped sequenec in a cluster resulted in the assignment
of all sequences of that ehuster, including its partienlar SEQ 1D MC;, to that map location.

Map locations are represented by ranges, or intervals, of human chromosomes. The map
position of an interval, in centiMargans, is measured relative ta the terminus of the chromosome’s p-
arm. {The centiMorgan (cM) is a unit of measurement bused on recombination frequencies between
chromosomal markers. On averape, ¥ cM {s roughly equivalent to } roegabase (Mb) of DNA in
luwmans, although this can vary widely due to hot and cold spots ol recombination.) The cM
distances are based on genetic markers mapped by Généthon which provide boundaries for radiation
hybrid markers whuse sequences were incinded in ench of the clusters. Human genome maps and
other resources available to the public, such as the NCBI "GeneMap'95" World Wide Web site
{http://wrww.nebi nlm.aih. gov/geneman/), can be employed Lo detsrmoine if previously fdentified
disense genes moap within or in proximity to the intervals indicated above.

VII.  Analysis of Polynucleotide Expression

Northem analysis is a [aboratory 1echnieue nsed 10 detect the prescnce of a transcript of &
gene and involves the hybridization of 2 Jabeled muclectide sequence to 2 membrane on which RNAs
from a particular cell type or fissue have been bound. (See, ¢.g., Sambrook, supra, ¢h. 7; Ausubel
(1995) gupra, ch. 4 and 16.)

Analogous computer techniques applying BLAST were used to search for ideatical or related
molecules in c)INA databases such as GenBaok or LIFESEQ (Incyte Genomics). This unalysis is
much faster than multiple membrane-based hybridizations. 1o wddition, the sensitivity of the

computer scarch can be modified to determine whether any particular match s categorized as exact or
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tar. "f'he basis of the scarch is the product score, which iz defined as:

BLAST Score x Percent Identily
5 x nrnimum { leagth{Seq. 1), leugth{Seq. 2)}

‘The prodnct score lakes into acsount both (he degree of similanity between (wo sequences and (he
lengih of the sequence match. The product score is & normalized value berween O and 100, and 35
caluulated as follows: the BLAST score is multiplied by the percent nucleatide identity and the
product is divicked by (3 times the length of the shorter of the two seguences). The BLAST score is
calculated by assigning a score of +3 for every base that matches in a high-scoring segment pair
(18P, and -4 for every niismatch. Two sequences wmay share more than one HSP (separated by
gaps). I there is more than one HSP, then the pair with the highest BLAST score is used to calenlate
the product scors. The product seero represents a balunce belween fractional overlap and quality in a
BLAST alignment. [or example, a product score of 100 is preduced only for 100% identity over the
entire length of the shorter of the two sequences being compared. A product score of 70 is produced
either by [06% tdentity and 7% ovetlap at onc end, or by 88% identiry and 100% overlap at the
other. A product score of 30 is produced either by 100% identity and 50% overlap at one end, or 79%
identity and 100% overlap,

Altemnatively, puTynucleotide sequences encading HPDE are analyzed with tespeat to the
tissue sourees from which they were derived. For example, some full length sequences are
assambled, at least in part, with overlapping Incyte cDNA sequences (see Bxanple OT). Each cDNA
seguencs 18 derived from o cONA library consiructed from » human tissue. Each human Hssoe is
classified fnto onc of the following organftissue categories: cardivvagoular systern; cannectve lissue;
digestive systemn; embryonic st rures; endocrine systemn; exacrine glands; genitalia, female;
genitaliz, male: germ cells; hernic and isnmume system; Tiver; musculoskeletal system; nervous
system; pancreas; respiratory systean; sense organs; skin; sron;narog_nathic system; unclassified/mixed;
or urinary tract. The number of librarics in each category is counted and divided by the total oumber
of libraries across zall categories. Similarly, each human tissus is classified into one of the Following
discasefcondition categores: cancoer, coll ling, developmental, inflammation, nencolegical, teauma,
cardiovascular, pooled, and other. and the pumber of libraries in cach categery is counted and divided
by the tataf number of Iibraries across all catzgorics. The reswiting percentages vefloct the tissue- and
disease-specific expression of IMNA encoding HPDE, cDNA sequences and cDNA libracyftissue
information are found in the LIFESEQ GOLD database {Incyte Gengimics, Palo Alto CA).

VIII. Extension of HPDE Enceding Pelynucleotides

Full length pelynucleatide sequences were also produced by exteneion of an appropriate
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fragment of the ful] length molecule using oligonucleatide primers designed from this fragment. One
primor was synthesized to initiate 5*cxiension of the known fragmeat, and the other primer was
synthesized (o initiate 3' extension of the known fragment. The initial primers were designed using
QOLIGO 4.06 softwars (Nationa} Biosviences), or another appropriate program, to be about 22 (o 30
muclcotides in length, te have a GC content of ahout 50% or ymore, and to anncal to the target
sequence al emperatures of about 68" Cto about 72°C. Any stretch of nuclectides which would
tesult in hairpin structunes and primer-primer dimertzations was avoided.

Sclected human cDXA librarics wers used to extend the ssquence. If more than one
extension was necessary or desired, additional or nested sets of primers were desigmed.

High lidelity amphification was obtained by PCR using methods well known in the art. PCR
was performed in 96-well plates using the PTC-200 thenmal cycler (MJ Rescarch, {nc.). The reaction
mix contained DNA templute, 200 ool of each primer, reaction buffer containing Mg™, (NH,).80,,
and 2-mereaploethanol, Tay DNA polymerase (Amersham Pharmacia Bistech), ELONGASE ensyme
{Life Technalogies), and Pz DNA polymerasc {(Stratagene), with the fallowing parameters far primer
pair PCLA and PCLB: Step 1: 94°C, 3 min; Step 2: 94°C, 13 ser; Stop 3: 60°C, 1 main; Step & 6%°C,
2 oain; Step 5: Steps 2, 3, and 4 vepeated 20 thoes; Step 6: §8°C, 5 mnin; Step 7: storsge at 4°C. Inthe
alternative, the parameters tor primer pair T7 and SK+ were as follows: Step 1: 94°C, 3 min; Step 2:
947C, 15 sec, Step 3: 57°C, 1 min; Step 4: 68°C, 2 min; Step 5: Steps 2, 3, and 4 repeated 20 times,
Step &: 68°C, 5 min; Step 7: storage at 4°C,

The cencentration of DNA in each well was determined by dispensing 100 pI PICOGREEN
qguantitation reagent {£.25% (viv) PICOGREEN; Molecular Probes, Eugene OR) dissolved in 1X TE
and 0.5 ul of undiluted PCR product into each well of an opaque fluorimeter plats (Coming Costar,
Acton MA), allowing the DXA Lo bind to the reagent. The plate was scanned in 2 Fluoroskan 1T
{Labsystemns Oy, Helsinki, Finland} to measure the fluorescence of the sample and to quantify the
concentration of DNA. A5 2 1o 10 ul adiguot of the reaction niixtere was andlyzed by
clectrophoresic on a ! % agarose el to determine which reactions were successful in extending the
SEQUCNCS.

The extended nucleotides were desalted and concentrated, transferred to 384-well plates,
digested with Cvill cholera virus endonuclease (Mulecular Biology Research, Madizon WD), and
senicaied ot sheared prior to roligation into pUC 18 vector (Anmersham Pharmacia Biotech). For
shotgun sequencing, the digested nucleotides were separsted on low concentration (0.6 to 0.8%)
agarose gels, framments wers excised, and agar digested with Agor ACE (Promega). Exrended clones
were religated using T4 ligase (New England Biclabs, Beverly MA} inte pUC 18 vector {Amersham
Pharmacia Biotech), treated with Ffu 1IDNA polymerase (Stratagene) to (ll-in restriction yite

ovechangs, and transfected into comnpetent E. coli colls. Transformed cclls were solected on
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antibiotic-containing media, and individual colonies were picked and cultured evemnight at 37°C in
384-weell plates in LB/2x carb liquid media.

The cells were lysed, and IINA was amplified by PCR. using Tag DNA polymerasc
{Amersham Pharmacia Biotech) znd Pfu DiNA pelynicrase {Stratagene) with the foflowing
parameters: Step 1: 94°C, 3 min; Step 2: $4°C, 15 sec; Step 3: 50°C, | min; Step 4: 72°C, 2 min;
Step 5: steps 2, 3. and 4 repeated 29 times; Step & 72°C, 5 min; Step 7: stornge at 4°C. DNA was
quantified by PICOGREEN reagent {Molecular Probes) as described above, Swmples with Jow DNA
recaveries were reamplified using the same conditions as described above, Samples were diluted
with 20% dimetlysultoxide €1:2, vfv), and sequenced usiog DYENAMIC energy transfer sequencing
prianers aud the DY.ENAMC DIRECT kit { Amersham Pharmacia Biotech) or the ABI FRISM
BIGDYE Terminator cycle sequencing teacly reaction kit (Applied Biosysteis).

In like manner, full length polynucleotide sequences are verified using the above pracedure or
sre used to obtain 3 repulatory sequences using the ahove procedure along with oligenucleotides
designed for such extension, and an appropriate ganomic libracy.

IX. Labeling and Use of Individual Hybridization Probes

Hybridveation probes derived from $EQ ID NO:5-8 are amplayed to screen eDMNASs, genomic
DNAs, or mBENAs. Although the labeling of aligenuclectides, consisting of abour 20 base pairs, is
specifically described, essentially the same procedure is used with [arger nucleotide fragments.
Gligonueleotides are designed using state-of-the-art software such as OLIGO 4 06 sofrware (National
DBiosciences) and iabeled by combining 50 pmol of each oligomer, 250 2Ci of [y-*P] adenosine
(riphusphate {Amersham Pharmacin Biotech), and T4 polynucleatide kinass (DuPost NEN. Boston
MA). The labeled oligonuelectides ure substantially porified using a SEPHADEX G-25 superfins
wive exclusion dextran bead column (Amessham Pharmacia Biotech). An aliqunt containing 107
counts per minuie of the labeled probe is nsed n a typical membrane-based hybridization analysis of
hurnan genomic DNA digested with ane of the fallowing endunucleases: Ase I, Bgl 1L, Eeo RT, Pst 1,
Xba I, or Py IT{DoPont NEN).

The 1A [rom each dizest is fractionated on a 0.79% agarose gel and transferred to nylon
membranes {INytan Plus, Schicicher & Schuel}, Durham NH). [Hybridization 1s carried out for 16
haurs at 40°C. To remove nonspecific signals, blots are sequentially washed at room temperture
under conditians of up teo, for example, 0.1 x saline sodium citrate and 0.5% sodium dodecyl sulfate.
Hybridization patterns are visuziized using autoradiography or an alternative imaging means and
compared.

X. Microarrays
The linkape or syathesis of arsay clernents upon a microarray can be achieved utilizing

photolithography, prezoelectric printing (ink-jet printing, See, e.g., Baldeschweiler, supra.),
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mechumical microspotting technologies, and derivatives thereof. The substrate in ezch of the
aforementioned technologies should be uniform and solid with a non-poraus surface (Schena {1999),
mpra). Snpecsted substrates include silicon, silica, glass slides, glass chips, and siltcon wafers.
Alternatively, a procedure analogous to 4 dot or slot blot may alse be used to arrange and link
clements Lo the surface of a substrate osing thermal, UV, chemical, or mechanical bending
procedures. A typical acray way be produced using available methods and roachines well known to
thuse of ordinary skill in the wit and may contain any appropriate puinber of clements. (See, e,
Schena, M. et al. (19%95) Science 270:467-470; Shalan, 12, et al. (1996} Genome Ras. 6:639-645;
Marshall, A. and J. Bodgson (1998} Nat. Biotochnol. 16:27-31.)

Full lenglh <DNAs, Expresved Sequence Tags (ESTs), or fragments or oligemers thereof may
comprise the elements ol the micraarray. Fragmenes or oligomers suitable for hybridizaticn can be
selected using software well known io the art such as LASERGENE sofiware (DMASTAR]. The
artay elements are hybridized with palynucleotiies in a biological sample. The polyonclectides i the
biological sample are conjugated to u fluorescent Jabel or otier molecular tag for ease of detection.
After hybridization, nonhybridized nucleotides from the biotogical saraple are removed, and a
fluorescence scanner is used o detect hybridization at each aray element. Alternatively, laser
desocbtion and mass spectrometry may be used for detection of hybridization. The degree ol
complementarity and the relative abundance of gach polynuelectide which hybridizes to an element
on the microarray may be wssessed. In one embodiment, microarray preparation and nsage is
deseribed in detail below.

Tissue or Cefl Sapaple Preparation

Total ENA is isclated from tissue sanples using the guaoidinium thivcyanate method and
poly{A)" RHA is purificd using the oligo-(dT} cellulose method.  Each poly(A)* RNA sample is
reverse transcribed using MMLY reverse-transeriptase, 0.05 pg/pl oligo-(d7T) primer {2 1), 1X
First stirand bufler, 0.3 units/ul RINuss inhibitor, 500 M JATP, 500 pbd dGTP. 50¢ ub dTTP, 40
AMACTP, 40 pM dCTP-Cy3 (BDS) ar dCTP-Cy 5 (Amersham Fharmacia Biotech). The reverse
transeription reaction is performed in a 25 mi velume containing 200 ng paly(A)* RNA with

GEMBRIGHT kits (Incyte). Specific control poly(A)* ENAs are synthesized by in vitro transcription

from non-coding yeast genotic DNA. Afier incubation at 37°C for 2 hr, each reaction sample (o
with Cy3 and another with CyS labeling} is treated with 2.5 ml of 0.5M sodium hydroxide and
meubated for 20 minwes at 85°C to the stop the reaction and degrade the RNA. Samples are purificd
using two successive CHROMA SPIN 3¢ gel filtration spin columns (CLONT)CH Laborataries, Inc.
{CLONTECH), Pale Alto CAY and afier ¢orabining, both reaction samples are ethanol precipitated
using 1 ml of glycegen (! mg/ml}, 60 ml sodine acetate, and 300 ml of 100% ethanol. The sample is
then dried to completion vsing 8 Speed VAC (Savant Instruments Ing., Holbraok NY'} and
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resuspended in 14 01 5X S5C/0.2% SDS.
Microarrar Prepayztion

Sequences of the present invention are used w generate array elements. Each array element
is winplified from bacterial cells containing veetors with cloned eDNA inserls. PCR amplification
uses primers complementary to the vector sequences tlanking the ¢DNA insert. Awray elements are
amplified in thicy cycles of PCR from an initial quantity of 1-2 ng to a final quantity zreater than 5
. Aroplified array elements are then purified vsing SEPHACRYL-400 (Amersham Fharmacia
Biotech),

Purified array cloments are immabilized on polymer-coated glass slides. Gless microscope
slides (Coming) are cleaned by ultrasound in ©0.1% 3DS and acetone, with extensive distilled water
washes between and aiter treatments. Glass slides are efched in 4% hydrofluoric acid (VWR
Scientific Products Corporation (VWR], West Chester PA), washed extensively in distilled water,
and coated with G.03% eminopropyl silane (Sigma) in 95% ethanof. Coated slides are cored in a
11¥C oven,

Arcay elements are applied (0 (he coated glass substrate using s procedure deseribed in US
Pateric Me. 5,807,522, incorporated herein by refsrence. 1 pl of the array slement DNA, at an average
<oncantration of 100 ug/pi. is leaded into the open capillary printing element by 2 high-speed rabatic
apparaws. The apparatus then depesits about 3 nl of arcay element ssmple per siide.

Microamays are UV-crosslinked using 2 STRATALINKER UV-crosslinker (Stratagene).
Microarrays are washed at room teinperature once in 1.2% SDS and thres times in distilled water.
Non-speeific bioding sies are biocked by incubation of microarrays in 0.2% casein in phosphate
buffered saline PBS) (Tropix, Inc., Bedford MA) for 30 minutes at 60°C followed by washes in
Q.2% S128 und distilled water as before.

Hybridization

Hybndizatien reactions contain 2 pl of sample mixtace consisting of 0.2 pg each of Cy3 mndl
Cy3 labeled ¢ DNA synthesis products in 3% $3C, 0.2% SDS hybridization buffer. The sample
mixture ig heated to §5° C for 5 minutes and is aliquoted onto the microarcay surface and covered
with am 1.8 cm® coverslip. The armays ars transferted 1o a waterproof chamber having 2 cavity just
slightly larger than a nuicroscope shide. The chumber is jeept at 100% humidity intemaily by the
addition of 140 ul of X §SC in a vamer of the chamber, The chamber containing the arrays is
incubared for about 6.5 hours at 60°C. The arrays are washed for 10 min at 45%C in a first wash
buffer (1X SSC, (.1% SDS), three times for 10 minutes each at 45°C in a second wash boffer (0L1X
S8C), and dried.

Detection

Reporter-labeled hybridization complexes are detected with a microscope equipped with an
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Ienova 70 mixed gas 10 W lasar (Coherent, Inc., Santa Clara CA) capable of generating specteal lines
at 488 nm for excitation of Cy3 and at 632 pm for exeitation of Cy5. The excitation Jager light {5
focused en the amuy using a 20X microscope objective (Nikon, Inc., Metville NY). The slide
containing the artay s placed on a computer-controlled X-Y stage on the microscape and raster-
suanned past the objective, The 1.8 crax 1.8 cm array used in the present example is svanned with a
resalntion of 20 microrocters.

In two separate scans, # mixed gas meltiline Tyer excites the two fluorephores sequentially.
Einitted light is split, hased on wavelength, inta two photemultiplier tube detectors (PMT R 1477,
Hamaumatsu Photonics Systems, Bridgewater NJ) cotresponding tu the two fluotophores. Agpropriate
filters positioned between the arvay and the photemaltiplier tubes are wsed to filler the sigmals. The
emission maxima of the Mluorophores used are 565 nm for Cy3 and 630 nio for Cy3. Each amay is
Lypically seanned twice, one scan per fluorophore using the eppropriate filters at the Iaser souree,
althongh the apparatus is capable of recarding the spectra from both fluorophores simulktaneously.

The sensitivity of the scams is typicelly calibraivd using the signal intensity sonerated by a
cDNA control spocies added to the sample mixture at 2 known concentration. A specific location on
the armay contains a complementary DNA sequence, allowing the intensity of the signal at that

locatinn to be correlated with a weight ratio of hybridizing species of T:100,000. When two samples

from different sources (e.g., representing test and control cells), sach labeled with a different
flusrophore. are hybridized to a single array for the purpose of identifying genes (it are
differentially expressed, the calibration is done by labeling samples of the calibrating <DNA with the
twn Muorophores and adding identical amounts of esch to the bybddization mixae.

The autput of the photomultiplier wbe is digitized using a 12-bit RTI-R35H anaiog-to-digital
(A/D) cenversion board (Analog Devices, Inc., Norwosod MA) installed in an [BM-compatible PC
computer. The digitized data are displayed as an image where the signal intensity is mrapped using &
Tinear 20-catar mansformatien to a pseudecolor scale ranging from blue {low sigaal) 1o red (high
signal). The datais also analyzed quantitatively. Where two different fuorophares ure excited und
measured sirmltaneously, the data are first corrected for oplical crosstalk (de to overlapping
emission spectra) betweon the fluoropbonss using cach fluorophore's craission spectiun,

A mid is superimposcd over the fluorcscence signal image such that the signal from each
spat is ceptered in cach clement of the grid. The fluoteseence signal within cach elemest is then
antegrated to abtain a purpetical value corresponding to the sverage intensity of the signal. The
software used for signal analysis is the GEMTOOLS genc cxpression analysis program (Incyte).

X1, Camplementary Polynucleotides
Sequences complementary to the ITPDE-encoding sequences, ar any parts therzol, are uscd to

detect, dectease, or inhibit expression of naurally ocourring HPDE. Although use of
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oligonucleotides somprising from about 15 to 30 buse pairs Is doscribed, essentially the same
procedure is used with smaller ot with Jarger sequence fragments. Apprapriate oligonuclootides are
designed using OLIGO 4.06 soltware (Mational Biosciences) and the coding sequence. of EFDE. Te
inbibit transeription, a complersotary oligonucleotide is designed fron the most unique 3° sequence.
and used 1o prevent promoter binding to the coding scquence. To inhibit translation, 2
complementary oligonucleatide is designed to prevent ribosemat binding o the HPDE-sncoding
tramscript.

XIN.  Expression of HPDE

Expression and purification of HFDE is achieved using bacterial or virus-based expression
systems. For expression of HPDE in bacteria, ¢cDNA is subcluned into an appropriats vector
containing an antibictic resistance pone and an inducible promoter that directs high levels of cDNA
transeription. Examples of such promoters inclode, bar are not limited to, the rrp-fac (rac) hybrid
promoter and the T3 or T7 baclcriophage promoter in confunction with the lee operator regulatory
alement. Recombinant vectors are transformed inte suitable bacterial hosts, e.g., BLZKDE3).
Antiliotic resistant hacteria express HPIE upon ioduction with isepropyl beta-D-
thiogalactopyranoside (IPTG). Expression of HPDE in eukaryotic cells is achieved by infecting
insect or mammalian cell Jines with recombinant Autographica californiea nuclear palyhedrosis virus
{AcMNPV}, commonly known as bacelovirus. The nonessential polyhedrin gene of baculovirus is
replaced with cONA encoding HPDE by either homologous recombination or bacterial-mediated
transpasition invelving transfer plusmid intermedintes, Viral infectivity is maintained and the strong
polyhedrin promoter drives high Jevels of cDNA wenscription. Recombinart baculovirus is used to
infect Spodoptera fruginerds (319) insect cells in most crses, oF hungm hepatocytes, in soime cases.
Infection of the latter cequires additional genelie modifications to baculovings. (See Engelbard, F.K.
et al. (1994} Proc. Natl. Acad. Sei. USA 91:3224-3227; Sandig. V. et al. (1996) Hum. Gene Ther.
7:1937-1945 )

In most expression systems, HPDE is synthesized as 2 fusion protein with, e.z., glatathione 5-
tramsferase (G5 or a peptide cpitope tag, such as FLAG or 6-His, permitting vapid, single-step,
affinity-based purification ot recombinant fusion protein from crude cell lysates. GST, a 26-
kiledalton enzyme from Schistosoma japonicum, enables the puritication of fusion proteins on
immobilized gintathione under conditions that maintain prolein activity and antigenicity (Amersham
Phaomucia Biotech). Following purification, the GST mwicty can be proteolytically cleaved from
HPDE at specifically engineered sites. VLAG, an 8-amito acid peptids, enables immunoaffinity
pusification using commerially available mopeclanal and pelyclenal apti-ULAG antibadies (Hustman
Kadak). &-His, a stretch of six consecutive histidine residues, enables purification on metal-chelate

resins (QIAGHN). Methods for protein exprossion and purification are discussed in Ausubel (19935,
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supra, ch. 1 and 16). Puriticd HPDY abtiined by these methods can be used dirsctly in the assays

shown in Examples XVI, XVI11, and XVl where applicable.

XIIL  Funetional Assays
HPDE function is as

ssed hy expressing the sequences encoding HPDE at physiclogically
elevated levols in mammalian cell cubure systemms. cDNA is subeloned into a manunalian expression
vector containiug a sirong prometer that drives high tevels of cDWA expression. Vectors of choice
include PCMY SPORT (Life Technologies) and PCR3.T (Invitrogen, Carlsbad CA), both of which
contain the cytemegalovirus promoter. 5-(0 ug of recombinant vestor are fransiently transfected info
a human cell ling, for example, an endothelial or hematopoietic cell line, using either liposome
furmulatians or electroporation. -2 ug of an additional plasmid containing sequences encoding &
marker protein are co-transfected. Expression of a marker protein provides a means to distinguish
trensfected cells from nentransfected cells and is « reliuble predictor of cDMA xpression from the
recombinanl vector. Marker proteins of choice include, e.g., Green Fluoresceut Protein (GEP,
Clontech), CDG4, or a (D64~ fusion protcin, Flow eytometry (FCM), an automated, laser optics-
based techoique, s used to identify transfected cells expressing GIP or C1264-GHP and to evaluate
the apoptolic state of the cells and other cellular propertics. FCM detects and quantifics the uptake of
fluarescent molecules that diagnoss events preceding or coincident with cell death. Thess events
include chaunges o nuclear DNA conteat as measured by staining of DNA with propidinn indide;
changes in cell sizc and granalarity as ineasured by forward light scatter and 90 degree side light
scatier; down-regulation of DNA synthesis s measured by decreuse in bromodeoxyuridine uptake;
alterations in expresston of cell surface and intracellular proteins as ncasured by reactivity with
specific antibodies; und alterations in plasma membrine composition as measured by the bindiog of
flucrescein-conjugatd Annexin ¥ protein to the cell surface. Methods in flow cytametry are
discussed in Omerod, M.G. (1954) Flow Cytometry, Oxford, New Yotk NY.

The influence of HPDE on gene expression can be assessed using highly purified populations
of cells iransfected with sequences encoding HPDE and either CD64 or CD64-GEP. CD64 and
CD64-GEP are cxpressed on the surfacs of transfected cells and bind to conserved regions of haman
immmonoglebulin G (Ja&). Transfecied cells ure efficienily separaied ftom nontransfected cells using
magnetic beats coated with either hurian IgG or antibody against CD64 (DYNAL, Lake Suceess
NY). mRINA can be purifted from the cells using methods well known by these of skill in the art.
Expression of mENA encoding HPDE and other genes of interest can be analyzed by northem
analysis or microanay echnicgues.

XIV.  Production of IIPDE Specilic Antibodies

HPDE substantially purified using polyacrylamide gel electrophoresis (PAGHE; see, e,

Harcington, M.G. {1990) Methods Enzymol. 182:4é8-495). or other puiification technigues, is used 1o

74



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

30

(158)

WO 01795471 POTIUSOL20140

Immunize rabbits and o produce antibodies using standard protocols.

Alternaiively, the HPDE awino ucid sequence is analyzed vsing TASERGENE software
{DNASTAR) 1o determine regions of high immunegenicily, and a correspunding oligopeptide is
synthesized and vsed to raise antibodies by neaus known to those of skill in the art, Methods for
selection of appropriate epitopes. such as those nenr the C-terminns or in kydrophilic regions are well
described in the an. (See, e.g., Ausubel, 1995, supra, ch. 11.)

Typically, oligopeptides of aboot 15 residues i length ae synthesized using an ABL 4314
peptide synthesizer (Applied Biosystems]) using FMOC chemistry and coupled to KLH (Sigma-
Aldrich, St. Louis MO) by reaction with N-maleimidobenzoyl-N-hydroxysuceinimide ester (MBS) ro
increase immunogeonicity. (See. e.g.. Ausubel. 1933, supra.} Rabbits are immunized with the
oligopeptide-KLIT complex in complete I'reund’s adjuvant. Resulting antisera ore tested for
antipeptice and anti-HPDE activity by, for example, binding the peptide or HPDE to a substrate,
blocking with 196 BSA, reacting with rabbit antisers, washing, and reacting with radio-iodinated gout
angi-rubbit 2.

XV. Puritication of Nabmrally Oceurring ITPDE Using Specific Antibodies

Naturaliy aecorring or recombinant HPRE is substantially purified by immunoaffinity
chromatography using antibedies specific (ar [IPDE. An immenoaffinity colunn iz constructed by
covalently coupling anti-HPDE antibady to an activated chromatographie resin, such ag
CNBr-aciivated SEPHARCGSE (Amershar Pharmacia Biotech). After the coupling, the resin is
blocked and washied according to the wanufac{orers instruciions.

Media comtaining TIPDE ate passed over the immunoaffinity coluren, and the calumn is
washed under conditions that allow the preferential absorbaince of HPDE (e.g., high ionic strength
huifers in the presence of detergent). The column is elured under conditions that disrupt
antibedy/TIPRE bindipg {e.x., a buffer of ¢ 2 to pH 3, or a high conceniration of a chaoirope, such
25 orea ov thiocyanate jon), and HPDKE is collected.

XVI. Idcetification of Molecules Which Interact with HPDE

HPDE, or biclogically active fragmonts theroaf, arc labeled with "1 Boltor-Hunter coagent.
(See, e.g., Bolton AE. and W.M. Honter (1973) Biochern. J. 133:529-339.) Candidate mulecules
previously arrayed in the wells of a multt-well plate are incubated with the labeled HPDE. washed,
and any wells with labsled HFDE complex are assayed. Data obtained using diffsrent concentrations
of HPDE arz used to calculate values for the number, affinity, and association of HPDE with the
candidate molecales.

Alternatively, molecules interacting with HPDE are analyzed using the yeast two-hybrid
system as described in Fields, 8. and O, Song (1589) Nature 349:245-246, or vsing commercially
availuble kits based on the lwo-hybrid system, such as the MATCHMAKER systers (Clonlech).
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HPDE nuty alsn be used in the PATHCADLING process (CuraGen Corp., New Haven CT}
which cmploys the yeast ewo-hybrid system in a high-throughput manaer e determine all interactions
hetween the proteins encoded by rwo large libravies of genes (Nandabalan, K. st al. (2000) US.
Patent No., 6,057,101,

XVIL. Demonstration of HPDE Activity

Tre general, PDE activity of HPDE is measured by menitoring the conversion of a cyclic
nucleotide (either cAMP or cGMPF) ta its nuclectide monophosphate. 1he use of tritium-containing
substrates such as *H-cAMPE and *H-cGMP, and 5 nucleotidase fram snake venom, wllows the PDE
reaction to be followed using a scintillation counter.

cAMP-specific PDE activity of HPDE is assayed by measuring the conversion of *H-cAMP
to "H-adenosine in the presence of HPDE and §° nucleotidase. A one-slep assay ie run using a 100 pl
reaction containing SO mM Tris-HCT pH 7.5, 10 mM MgCl,, 0.1 unit §* nucleutidase {from Crotalus
wlrox venont), $052-0.1 pM H-cAME, wnd various concentrations of cAMP (000623 mM). The
reaction is started by the addition of 25 ul of diluted enzyme supernatant. Reactions are ran directly
i mini Poly-Q seintillation vials {Beckman Instnuments, Fullerton CA). Assays arc incebated st
37°C fuyr a time period that would give less than 15% cAMP hydrolysis ta avoid pon-linearity
associated with product inhibition. The reaction is stopped by the addition of 1 ml of Dowex {Daw
Chemical, Midland MI} AG1xE (Cl form)} resin (1:3 slurry). Three mi of scintillagon fluid are added,
and the vials are mixed. The rasin in the vials is allowed to settle for one hour before counting.
Soluble radioactivity associated with *[T-adenasine is quantitated using a beti scintillation counter.
‘The amuunt of radinactivity recovered is proportional to the cAMP-specific PDIT aciivity of HPDE in
the reaction. For inbibitor or agonist studies, reactions are carried out undes the conditions deseribed
ahave, with the addition of 1% DMS(C, 50 nb cAMY, and various concenteations of the inkibitor or
agonist. Control reactions are carried out with all reagents except for the enzyme aliquot.

cOIMP-specitic PDE activity of HPDE is sssayed by measuring the conversion of *R-cGMP
to *H-guenosine in the presence of HPDE and 5° noclectiduse, A one-step assay is mn nsing a 100 ul
reaction containing 50 mM Tris-TICL pH 7.5, 10 mM MgCly, 0.1 unit 5' nucleotidase (from Crotalus
atrox venom), and 0.0064-2.0 pM *H-cGMP . The reaction is started by the addition of 25 Wl of
diluted enzyme supernatant. Reactions arc tun direstly in mini Poly-() scintillation vials {Beckman
Instroments). Assays arc incnbated at 37 *C for a time periad that would yield [sss than 15% cGMP
hydrolysis in order to avoid non-linearity asyoctated with product iphibitien. “The reaction is stopped
by the addition of 1 ml of Dewex (Dow Chemical, Midland MI) AGLx8 {CL form) cesin (1:3 slurry}.
Thiee ml of semtillation fhaid arc added, and the vials are mized. The resin in the vials is allowed to
settle for one hour before counting, Soluble radicactivity associated with *H-guznosine is quantitated

using a beta scintillation counter. The amount of radicactivity cecovered is propomional o the

7%



o

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

(160) JP 2004-512019 A 2004.4.22

WO 01795471 POTIUSOL20140

cGMP-specific PDE activity of HPDE in the reaction.  For inhibitor or agonisl studies, reactions ure
carried out aoder the conditions described above, with the addition of 195 DMSC, 50 nhf cGMP, and
various concentrations of the ivhibiter or agonist. Conirol reactions are curried out with all resgenty
except for the enzyme aliqguot.

Glycerophesphoryl diester phosphodivsterase activity of HPDE is measured by a coupled
spectrophotometric assay utilizing sn-glycerol-3-phosphate dehydrogenase and NAD (Larson, T.J. ot
al. {19833 J. Biol. Chen. 248:54258-3432; Cameron, C.E. et al. (1998} Infect. Immnun, 66:5763-5770).
HPDE is assayed at 25°C in a 0.5 ml assay mixturs containing 0.45 mi of T M hydrazine-glycine {pli
2.0) buffer, 0.5 M NAD, 10 mM CaC);, 20 units of glycerol-3-phasphate dehydrogenase (Sigmas, 8t
Lows MO, and 0.5 mM giycerophosphorylcholine. Phosphodiesterase activily is menitored
spectcophotorctrically at 349 nim using a melar abserbance coefficicnt of 6300 M cm’ for NADH.
Glyecrophospheryl dicster phosphodicsterase activity is proportional to the reduction of NAD.
XVIII. Identifieation of Phosphodiesterase Inhibitors and Agonists

In general, inhibitors and agonists of PDE activity of HPDE can be obtained by screening
compaunds vsing the PDE activity assays deseribed im Exuple XVIL Enzyme assays are carried put

in bath the presence and ah, of a candidat

P aud #n inhibitor componnd is identificd
when inhibilion of PDE activity of HPDE is observed. Alternatively, an agonist compound s
identified when increased PDE aciivity of HPDE iz obsarved.

A high-throughput screen for inhibitors of cAMFP-gpecific PDE activity of HPDE nses
microtiter plate-based scintillation proximity assay (Burdelle, C. et al. {1999) Anzl. Biochem.
275:148-155). Purified enzyme is diluted in assay buffer containing 25 m Hepas-NaOH, | mM
MgCL, 0.1 mM BGTA, and 0.1% BSA, pH 745, at Z20°C. A 1% (w/v) snapension of yttriune silicate
heads in 18 mM ZnS0, is prepared, and dispensed invo a microtiter plate in 25 pi aliquots. A reaction
is initiated by mixing 50 pl of the dilnted snzyme solotion with 50 pl of the assay buffer containing 2
uM cAMP and 1.8 pCi (4 x 10° dpm} "H-cAMPfml. After 15 minmtes, 4 reaction is quenched by
heating to 95°C for 2 minutes und then cooled. and 56 wl of this quenched solution is added to a pra-
plaled aliquot of the yrtrium silicate beads. Alternatively, the reacrion is not guenched, and S0 pl of
the ceaction mixture is added directly 1o the pre-plated beads. The beads are allowed 1o setile, the
microtiler plate is sealed, and the reaction mixtures are measured using & scintillaton counter.

Candidate inhibitor compounds are added te individual reaction mixlurcs tw screen for
inhibition of PLJE activity. Candidate inbibitor molecules may be selscted from known PDE
inhibiters, medified PDE inhibilors, peptide libraries, chemical libraries, and combinatorial chemical
librarics. Inhibitars of eGMP-specifie. PDE activity of HPDE can be identified by using the ahove
high-throughpul screen with guznosine substrates inslead of adenosine substrates. Agonists of PDE

activity of HPDE can be identified by using the above high-thronghput sereen and wonitoring far

T
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increasod PDE activity matead of devrensed PDE activity, Candidate agomnist moleceles reay be
selectad from known PDE agonists, modified PDF, agonists, peplide librariss, chemical fibratics, and

cumbinatorial chemical libearies,

Various modifications and vartations of the deseribed methods wnd systeras of the invention
will be apparent to those skilled in the art without departing from the scope and spicit of the
invention. Although the invention has been described in copnection with cerlain embediments, it
should be undarstood that the inventian as claimed should not be anduly limited to such specific
embndiments. Indead, vatious modifications of the described modes for carrying aut the invention
which are obvious to these skdlled in molecular biolepy or related fields are ntended to be within the

scape of the following claling.
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What is claimed is:

1. Anisolated polypeptide selected from the group consisting of:

a} a polypoptide comprising an aniine acld sequence selected lrom the group consisting of
SEQID NO:1-4,

b} a nuturaily oecurring potypepride comprising an amino acid sequence at least 204
idenrical to an amina acid sequense selected froo the zroup consisting of SEQ 10 NO:1-4,

c} abiologicully active fragiment of 4 polypsptide baving an amine acid sequence selected
from the group consisting of SEQ TD NO:1-4, and

d) an immunogenic fragment of a polypeptide having an amine acid sequence selected from

the group consisting of SEQ 1D ND:1-4.

2. An isolatedt polypeptide of claim § selected from the group censisting of SEQ D NO:1-4.

3. Ap isolated polynacleotide encoding a pofypeptide of claim 1.

4. An isolated polynucleotids encoding a polypeptide of claim 2.

5. Anisolated polynucleotide of claim 4 selected from the group consisting of SEQ ID
NO:5-8.

G. A recombimunt polynucleotide comprising a promoter sequence operably linked to a

polyaucleatide of claim 3.

7. Acell transformed with 2 recombinant polynucleoride of claim 4.

8. A Uansgenic organism comprising a recombinant polynucleotide of claim 6.

9. Amthod for producing 2 polypeptide of claim 1, the method comprising:

) culawring a cell ander conditions suitable for expression of the polypeptide, whereia said
cell is transformed with a recombinast polyoucleoiide, and said recombinant polyrucieotide
comprises a promoter sequencs operably linked to a polyaucleotile envoding the polypeptide of
cliim 1, and

b} recovering the polypeplide so cxpressed.

Ry
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10, An isolated antibudy which specifically binds to 2 polypeptide of claim |

11. Anisolated polynucleolide selected from the group consisting of:

a} a polynucleatide comaprising a polynuclcotide sequence sclected from the gronp consisting
of SEQ 1Y OS54,

k) anaturslly occurming polynuclestiie comprising « polynucleotide sequence at feast 90%
identical to a polynucleotide sequence sefected from the group consjsting of SHQ 1D NO-5-8,

¢} a polynocleotide complementary o a pelynucieetide of a),

d} a polynuclectide caompleraentary te a polyoucleotide of b), and

&) un RNA equivalent of a)-d).

12, Anisulated polynucleotide comnprising al leasl 60 contignous nuclectides of a

polybuckeatide of clamm 11

13. A method for detecting a target polynucleotide in & sample, said target palynuclentide
having a sequence of a polyoncleotide of chaim 11, the method comprising:

a} hybridizing the sample with a probe comprising at least 20 contiguous nocleotidcs
comprisig 4 sequence complementacy to sald tacgot polyoucleotide in the sample, and which probe
specifically hybridizes to said target polymacieotide, under conditions whereby a bybridization
complex is formed belween said probe and said target polynucleotide or fragments thereol. and

b} detecting the presence or absence of said hybridization complex, and, optionally, if

present, the amouvnt thereof.
14, A method of cleim 13, wherein the probe comprises at least 6 contiguous nucleotides.

15, A method for detecting a target polynucleotide in a sample, said target potynuclesiide
having a sequence of a polynucleotide of elaim 11, the methed comprising:

1) amplifying said taceet polynuelentide or fragment thereof using pelymerage chain reaction
amplification, and

b) detecting the presence ar absence of said amplifisd target polynucleotide ot fragment

thereof, and, opticnally, if present, the amount thersaf,

16. A coroposition comprising a polypeptide of claim 1 and a pharmacentically acceplable

excipicnt,

W
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17. A compusition of claim 16, wherein the polypspride has an amino acid sequence selected

from the group consisting of SEQ (D NO:1-4.

18. A metlod for reating a discase or condition associated with decreased expression of
fuactionsl HPI3E, compitsing administering Lo a patient in nced of snch treatment the composilion of

claim 16.

19. A method for screening & componnd lor etfectiveness as an agonist of a polypeptide of
claim 1, the methed comprising:
) expesing 4 sumple comprising a polypeptide of clait | to a componnd, and

b detecting agonist activity in the sample.

20. A composition comprising an agonist compound identified by a method of claim 19 and

2 phannaceutically acceptable excipient.

21. A method for treating a disease or condition associated with dovreased expression of
functional HPDE, comprising administering 1o a patient in need of such treaiment a composition of

claim 20,

22. A method for screening a compound for effectiveness as #n antaganist of 2 polypeptide
of claina 1, the methed comprising:
a) exposing 3 sample comprising a polypeptide of claim 1 ta 2 compound, and

b) detecting antagosnist activity in the sarople.

23, A composition comprising ap antagonist compoeund identified by a methed of claim 22

and a pharmaceutically acceptable excipient.

24. A method Tor treating a disease or condition associated with overexpression of fanctional

JIPDE, compriving administering to o patient in need of such treatiment a composition of claim 23.

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

3} combining the potypeptide of claim 1 with at least one test compound under suitable
conditions, and

by Qetecting binding of the polypeptide of claim. 1 o the test compound, thereby identifying a

a
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compound that specifically binds te the polypeptide of claim 3.

26. A mcthod of serecoiog for 2 compound that medulues the activity of the polypeptide of
claim 1, said methud comprising:

#) combining the polypeptide of cldm § wifh af least one test compound under conditions
penmssive for the activity of the polypepride of claim £,

b) assessing the activity of the polypeptide of claim [ in the presence of the test compound,
and

<} comparing the activity of the pelypeptide of claima I in the presence of the test compaund
with the netivity of the polypeptide of claim | in the absence of the test campuund, wherein & change
in the aclivity of the polypeptide of claim 1 in the presence of the test compound is indicative of

compound that madulates the activiey of the polypepride of elaim t.

27. A method for sereoning a compound for effsctiveness in altoring expression of a target
polynucleatide, wherein said target polypucleotide comprises 2 seqnence of claim 3, the method
comprising:

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

b} detecting altercd cxpression of the target polynucleotide, and

¢} comparing the expression of the target polynucleatide in the presence of varying amonnts

of the compound and in the absence of the compound.

28, A method for assessing toxicity of a test compound, said method comyprising:

4) treating a biajogical sample containing nucleic acids with the st compound;

b} hybridizing the nucleic acids of the treated biotogical sample with a probe compeising at
[east 29 contiguous nucleotides of a polynueleotide of claiin 11 wnder conditions whereby a specific
lLybridization complex is formed betweon said probs and a target polynucleatide in the ological
sample, said target palyoucieotide comprising a polynucleotide sequence of a polynucleotide of claim
11 or fragment thereaf;

<) guantifying the amount of hyhridization complex; and

) emnparing the amount of hybridization complex in the treated biological sample with the
amount of iiybridization complex in an untreated biolngical sample, wherein a difference in the
amount of hybridization complex in the treated biclogical sample is indicative of toxicity of the test

compound.

27
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29. A diagnostic test for a condition or discase associated with the expression of HFDE ina
bioloaical sample comprizing the steps of:

a) combining the biological sample with an antibody of claim 1C, under conditions suitable
for the antibody to bind the polypeptide and form an antibody:polypeptide coanplex; and

by detecting the complex, whersin the prescnce of the camplex Sorrelates with the presence

of the. polypeptide in the biological sample.

30. The antibody of claim 10, wherein the antibody is:
a) achimetic antibody,

b} asingle chain autibady,

c} aFab fragment,

d} a F{ab”), fragment, or

@) # humanized antibody.

31 A composition comprising an antibody of clatm 10 and an acceptable excipient.

32, A method of diagnosing a condilion or disease associated with the expression of [TPDL
in a subject, comprising administering to said subject ar effective amouni of the compasition of claim

31.

33. A composition of clainy 31, wherein the antibady is labeled.

4. A rethod of diagnesing a condition or discase associated with the cxpression of HPDE
in a subject, comprising administering to sald subject an effective amouni of the compeasition of elaim
33,

35, A metirod of preparing 2 pelyclonal antibody with the specificity of the antibody of claim
10 comprising:

a) immunizing wn aninial with a polypeptide having ag amino acid sequence selecied from
the groap consisting of SE{) 1D NO:1-4, or an immmunogenie fragment thereof, under conditions to
eljcit an antibody response;

b} tsolating antibodies from said animal; end

<) screening the isolated antibodies with the polypepride, thereby identifying a polyclonat

93
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antibody which binds specifically to a polypeptide having an anine acid sequence selected from the

group consisting of SEQ LD IN(:1-4,

36. Ananttbody produced by a methad of claim 35,

37. A composition comprising the antibody of claiio 3¢ and a suitable carricr.

38. A methad of making 2 monoclonal antibody with the specificity of the antibody of claim
10 comprising:

a} immunizing an animal with 2 polypepride having a amino acid sequence sclected from
the group conxisling of SEQ IR NO:1-4, ur an immunogenic fragment thercof, under conditions to
elicit ap antibody respense;

b} iselating antibaody producing cells from the animal;

¢} fusing the anlibody producing cells with immortalized cells to form mouvclonal aohbatiy-
producing iybridoms cells,

d} cnltering the hybridoma colls: and

¢} isolating from the culture moneclonal antibody which binds specifically to a polypeptide

having an amine acid sequence selected from the group consisting of SEQ 1D NO: 4.

39, A weonoclonal antibody produced by a method of claim 38,

40, A composition comprising the antibady of claim 39 and & suftable carder.

41, The antibody of claim 10, wherein the antibody is produced by sercening a Fab

cxpression library.

42, The antibedy of clasm 16, wherein the amiibody s produced by screening a recombinant

immunaglobulin library.

43, A method for detecting a polypeptide having an amino acid sequence selecied from the
group congisting of SEQ D NO:1-4 jn s sample, comprising the steps of:

) incubating the antibody of claim 12 with a sample wnder conditions Lo allow specific
binding of the antibody and the polypeptide; and

b) detecting specific binding, wherein specific binding indicates the presence of a

"
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polypeptide having an amino acid sequences selected from the group consisting of SEQ ID NO:1-4 in

the sample.

44,

A methad of parifying a polypeptide having an amino acid scquence selected fram the

group consisting of SEQ 113 NG:1-4 frum a sample, the method comprising:

#) incubating the antibody of claim 30 with a sample under condirions 1o allow specific

hinding of the antibedy and the polypeptide; and

b} ccparating the antibody frem the sample and obtaining the purified polypeptide having um

arhino acid seqnence selected from the group consisting ol SEQ LD NO:[-4.

45,

by

A

&

4,

50.

wn

=

=

]

A polypeptide of claim 1, comprising the aming acid sequence of SEQ W2 NO:L.

A polypeptide of claim 1, comprixing the amino acid segoence of SEQ 1D NO:2.

A polypeptide of claim 1, comprisiog the amino acid sequence of SEQ ID NO:3.

A polypeptide of claim 1, comprising the amino acid sequence of SEQ I NO:4,

A polynucleotide of claim | 1, comprising the palynucleotids sequence of SE() ID NO:5.
A palynucleatide of claim 11, comprising the palynucleotide sequence of SBQ ID NO:¢,
. A polynucleatide of claim 11, comprising the palynucleatide saquence u'fSE.Q 1D NO:7.

. A polypucleatide of claim 11, comprising the polynuclectide sequence of K2 ID NO:8.

JP
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Thr
Dhe
Lys
ala
Zeu
1ys
Thr

Thyr

Gly
Gly
Fro
Sl

Ala

(179)
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Leu Tlo
Leu Val
Asn Ala
Lel Lys
Mek Leu
Gly Wal

Asr: Leu

Sex Thr T

Fro Tys
Ile Leu
Leu Lys
Gln Asp
Ile Cye
Glu Arg

Lys FPhz

Lys Ser
Jor Cly

Glu Gln

=31C> 2

His
He
val
Glu
aly

Asn

Glu
Lla
ala
Arg
Asn
val

Glu

Phe
Asn
Leu
Pro

Glu

<211»> 885
“212> PRT
<213> Homo gapiens

=22C>

His

Val

Hi=
Pxo
cys

Leu

Axy

et L

Leu

Gy

The
200
Gln
21%
Ala
230
Lys
245
Liew
260
Pro
27%
Asr
284
Met
205
Tar
320
ASD
335
Ly
330
Fhe
385
[aaTF54
3B0
cle

<221> misc_featire
<223> Incyte ID Mo:

<430 2
Mey &Gly
1

Tyr Cys
Ser Val

Gin Thr

Cya

Ala

Fro

5
Arg Ast Ser
21

Sexr

Gln

Gly
35

asp Aka pls

50

Pro Pro Ser val Ala

o5

iys
Glu

Ala

Ala
Fhe

Moo

Hetl
AXG

Giu

ey
ASD
sp
Ala
Ala
Leu

Sax

Gln

[ERE-R.

Fxo

Rsp

val
Ser
Ala
rle
Val

Glu
Ile
ATy
Lys
@ln

Trp

Tyr

el

T His

Thr

Phe

Ala

Ser

clun

Gln

Asp

Zle
Glu
Ary
Leuw
tha

Fhe

1 ala

7476312001

Ser Ile His

ksp Glu Ser

Pro 2la Ala

Asp Ala Tl=

Arg Vel RArg

Gly

Vai
Sex
Pro
Pxo

Arg

205
Arg
210
aln
325
Agn
340
“en

Thx
Gln
Ala

Thr-

Ser
aly
Asn
Sexr
Gly

Asn

Hisg
Leu
Ten
Phe
Leu
Lys
Ly$
Giu

@ln

Asn &

Lys &

Gly

Th-

His

Bro

His

Leu

His

ala

Gly ¢

Leu
Glu
Cys
Glin
Leu
Gln

Tle

Treu
Aln

Giu

Tzp

His

Thr
hop

Ala

Gl
Lys
Val
Thy
“ln
Ser

Scr

Val
Thr
Fhe
Ser

Leu

(180)
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Phe
21y

- His

278
Tyr
240
ile
255
Pro
270

2 Ala

283
ATy
aea
Leu
215
Leu
320
Ary
345
Ala
360
ASD
375
Ser
350
@ln
405
Asp
420
31y
435
Leu
4590
TLp
465
1y
480
[ak)]
435
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B
Avg

Gin

s
Arg

Aia

Gly
Gly

Thr

Ber
Ile
Aro
ala
Leu
Ber
aly
Phe
RAsp
Het
L&
Azn

Ka

Thr P

Ser
Leu
Glu
Bly

Wal

er
Arg
Cys
Giy
Fhe
Asp

Ala

Ser

Tlar
=
Gly
Pro

Thor

Tle
Pla
Tle
Tyr
ile
Pro
Arg
Asp

au

Ser
RArg
Tyr

rro

His
Ile
Val
Leu
Lie

val

Hiz ¥

Ty

Lys

cys

Toxr
Fro
Arg
Gln

Pro

ala
30
Arg

T
119
Ml
125
Lve

His
500
Rrg
515
Ser
530
rro

cly
His
[er
Ay

Glu

Ser
Gly
cys
Asp
Lys
Arg
et
val
Val
Glu
Thr
Leu

His

Cys =

Ser
C¥s
val
Lew
hep

yr

5 Phe

» Thr

Thr
Val

Ala

Lys

Lys

Leu
Sar
ser

Sor

ala
Cys
TS
Ths
Ser
Ay
Liery

G1n

Cys
Ty
€lu
Ao
Gly
Asp
Gy

Thr

Ala
Ser
ksl
Sln
Gin
Cys
Asp

et

ys
His
val

Tien

ive

rla
Sex
Leun
Asn
Len

cln

Pro

g5
Say
140
wal
1:5
ASD
114
sSer
145
Asn
160
Liys
175
Ehe
1sc
Ser
205
Asp
220
Amn
235
Glu
258G
Leun
265
Glu
280
Asn
%5
Leuw
310
ala
323
Elu
349
Ile
354
Lys
370
Asn
383
Asn
400
Lvs
215
Ala
437
Bis
445
Tle
480
Leu
473
Fro

520

535
Leu

39

Bla
Bla
Ser

Pre

Ile
Hig
Asp

Glu

Asn
Eer

Glu

Asn
Asp

Gln

ala
Rig
Ala
His
Glu
Ary
Ile

ala

Iile

Lye.

Leuw
Gn
Gln
Arg

Asn

Gln T

Ser
Ser
ot

Ala

Leu
Ty
Val
Fro

sy

Ala
Ala
Gln
Ehe
Arg
cakt]
Glu
Thr
Clu
Fre
cln
Cys

Glu

ciu
Lea
Gly
His

His

Ala

T.e

asn

Thy
Glu
clue

Val

Phe
Gln
Gln
hep
Gle
Tle
Gln

Leu

bet

s ThEr

Thr

Glu

(181)
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Ger
490
Tar
155
val
1z0
Lew
135
Urp
150

r Pro

185
Ile
130

Glu
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Lys
Tar

Ile

Fre
Cva
Sla
Ser
Gly
Ala
Arg
Leu

Ala

ASD
asu

Gla

<210> 3

<211>
<212>
=213

<220=

=22l
=323

<40U= 32
Met Sey Ser Thy Ria
1 s

Thy
Lya

Ala

=y
Asn
ala
Axyg
@in
Ser
Asp
ek

pv:5-Y

218
FRT
Howe zapiens

the
Vrl

Phe

Asn

Asp

- Val

Ehe
Ser
Gl
Aon
Ile
Gly

Ile

Gln

Louw

545
Asn
SED
Tyr

misc_featurc
Incyte ID No:

Tyr Leu Val Thr Ser

¢

His Gln Arg Lys Lys
35

Tla

Tien

Asn

Rla

Asnt

ala T

Teu

nla

Val =

His
Tha
Ser

Glu

Leu

Ser
Tyr

Val

Cyw

Lys i

Fro

2TURGEHCDY

Ley
Iive
Glu
His
Lo

Ser

Asn

T

Ala FPhe Tyr Leu

Phe Leu Léem Leu

Gln arg phe Leu

540

Glu
S65
Wal.
540

Ile

ser

Sex
610
i
625
Leau
644

. His

(1.0
Ela
670
Glu
683

Thr I

ToO
Thix
718

730
Lys
145
Pra
60
Net
775
Asp
T80
Als
805
Bro
B0

ser T

Ten
10
Lys
25
ser
40

449

Asp

Ser
Tyr

Lys

Ran

Ser
His
Cys
Arg
His

Het

Thr

The A

Ile
Ala
His

Bro

Thr
Yro

His

Thx
Aryg
oxg
Rla
Ala
Leu
25p
Glu

His

Ao 1

Gln

The

ala

His

Trp =

Eer

His
Fhe
Ala
Tyr

Ele

Ala

(182)
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553
Lys
830
Gly
S8
T=p
&00
His
ars
Phe
230
Glu
64h
Pro
F40

3 oAala

6758
Ala
590

2 Phe

705
ile
720
xis
735
Glu

. TRQ

Ran

s Cys

clu
Glu
Ay
Tyx

Leu

Phe
765
Ala
T80
Trp
785
Blu
BLO
Asn
825
Pha
B840
Bra
855
Thy
a70
Eex
BG5S

Lou Gly Gly

23

Ihr Lew Leu

30

Ile ser His

435
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g Gly

His
Iic
Lys
Cws
Airg
Lys
Il=
val
Asn

Thr

<210> &4

=400% 4

Pro

- Met

Lew
Asn
Rep
GLly

Ser

A=n
Arg
Oly
Tyr
nhla

GLy
nia
T
Arg
Giu
Lia

Glw

Y

Higz

439
PRT
Home saplens

Ser

Lla

Atg

Ala

Gy &

Ala
Val
Lys

Tep

Ala
val
Tys
Ma

Lew

hrg
Glu

Hig

Ala
Leu
oly

Pro

misc_feature
Incy:te ID No:

hrg

Ser

Val
185
clu
200

: Thr

Glu Asn Leu wlu nesn
5%
Ile Gly Thr Asp Met
Te
Glu Gln Val Val val
85
Gly Val Asn Val nsn
197
Pro Tyr Leu Gly Lvs
115
Cys Gly Gly Lys Asn
130
Glu ala Phe Pro Asn
145
Agn Asn val Lea Ile
L1EQD
Asn Arg Cla His Tew
17%
Val Glu Lys Cys Tyr
pE: i}
Gl Lys Ser Lys Val
205
6390033CD]

Val Thr Lew GIy Leu
]
Thr Leu Cys Ala Cys
25
Ala Val “eu Leu Thr
. 40
Ala Gily Ala Pro Val
55
» Leu Yal Ser Phe hep
747
Asp Thr Pre Asn Lieu
£S5
Arg Tyr Met Thr Pro
9%
Lav Val Thr
1135
Het Tyr =yr
133
Thr Leu Giy
145

Fro Ile Trg Ile Thr ?
i60
Pre Dhe Tyr Pro Gly
175
Fhr Arg Her Arg Lys
190
Thr Gle Try &rg Ala
205
Gly 3y Asp Leu Rsp
5/9

Thr
Tien
ser

Lle

Cys

Net
clu

His

- Wal

Glu

s

Pro
Ser
Ala
Sax
Phe
ala
Fhe
Lyg
I

Gln

Val

Ala
Len
Asp
Asp
wal
Tle
Ile
val
TEp

Ala

Pra
Gly
Lou

Gin

Arg U

Met
Val
Tyx
Thr
Axg
aArg
Val.
Lle

Asp

Ala
Rsp
Glu
Leu

Ser

Lys

Ala

Arg
arg

Ala

Gly ¢

Ala
Thy

ite

Gin
Thr
Ala
Thy

nen

(183)
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Phe

50
Cy¥s

75
Asn

20
Lirs
05
Tha
1z0
T
135
ile
ase
Gln
165
Asn
180
Erg
135
e
210

120
Ty
135
Trp
150
Gly
165
Tyr
i8d
His
195
val
210
Tyx
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215

Fhe Gly Glu Pro Asp Ser Thr Gly His

230

Fro ¢lu Arg Avg Glu Met Wal Rrg Sin

245

Tyr Leu arg Glu Ser Ile Ala Arg Asn

Arg Ala Gly

260

275

le ile Thr Ser Asp Eis Gly

Asp Lou Val Glu Phe His

280

Phe hrg ASp Tlc Glu Phe Glo Leu Lec

305

Met Leu Len Pro Lys Gou Gly Arg Leuw

320

Leu Lys Asp Ala Sis Pro Lys Leu His

235

Phc Pro Glu 2ls Phe His Tyr Ala Asn

Len Teu et

350

Tyr Ses Asp Leu Gly Tyr

65

éen Val Gin Phe Asn Asn Oly Glu His

Met nsp et

Ala Cly Leu

=
&
=
=
&
o

Hizs Leu Ala

Tor Val Tie

=210> 5

=212> 1802
<2LZ> DHA
<212 Homo

<220
=222> pigg

<qGl= &

togtacagta
agtgtitoty
tiecgaaget
coigtggtag
goagoagoag
Lgotagagcy
tgetgeacte
tgccagagat
coaaaragag
gacteasggg
boageotact
gactattaag
aagoocciol
sagtgggaat
tgytaacact

Cys

180

nys The Tile Phe Arg Ala

4i0
Arg Leu Leu Gly Zla
425
Thr Lou Leu Pro Met
440
Fro Zroc Asp Gly hrg Pro Thr Leu

455

—eu Fro Pro Sar Ser Arg Pro Leu

470

Lew Lew Sexr lu Val

485

sapiens

featurc
<2d3> Incyte ID Ho:

ccagtibete
gaygggectga
gyagagoats
cagoagoago
cagacoace
ctattbecss
cloccoggga
gabtcaggatg
aggeattoty
Eeagacgyey
taacagtaca
ctboeaaaga

graccigrig

ghgggattit
ghtghgooac

Fhe Glu

T4VEZ01ICEL

220
Dorg
235
¥al
250
Eis
2635
Mel
280
Lys
285
Asp

Ty
Lys

Tyxr

Ile
The

Gly

val

accagagads sacctagydya
agagacaggy agattgigcc
Ltacqgugggy thegooicta
ageagcagad goagaaacag
aceackacct ectettotoy
coagoagags Laggcagaag
agoccocggoogyg gotoocages
Qtaanyctgg Lttggaaatc
gacaatgaas atgetetooy
gttegigcts aacgoeghbyg
acatacteary gogagatbeg
tacticcaty catceaggel
gatgaagact accttggaca
gacathibch bgtbtgateg
clLchicaata cccabggast

69

ATy Thr
The Asp
Thr wal
Pro Asno
Gly Fro
Val Tyr
Lys Lys
Arg Val
His Gly
Asp Asn
Pro gexr

Hig val

(184)
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215
Glu Bex
240
Val Gly
255
Arg Leu
270
Asp Lys
285
FPhe Thr
308
Agn Gly
3i%
Asp Aala
azn
Giu Bla
345
Thr Fro
360
hrg Ile
375
Lya ASp
a0
Ihe Arg
495
Tyr Glu
dze
Asp Gly
435
Ala Leu
450
Ser Ala
465
Leu Gly
480

aglgaatcge tckogtogge
aggctygags aygortytot
cckgoctogy aagaatbteo
CROCAGCAYC AACRYCAUTH
gocucaagae agaatgocty
ghggacagge ccagaaggbg
goggocgotg ooctgugact
caaaagbgay cLgraggoga
cagetbbboca ggagatatac
cictkbaccea ticattgact
caccaagaad aagutgaean
gcktegtgga athahaccac
ageaaggeat atgcitcicea
cttgacasal guasacagcy
catteaccat thcmagttag

&0

120
180
240
300
360
420
480
540
00
6G0
720
750
340
9G0
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atatgghgao
cataktoacaa
ageraaageh
cagcacacga
atctbgoaaa
tligacatgct
ttgaacagca
Lgadcagatl
ggoacttot
gugagatgay
ttgaacagad
chtagtataca
attbtcacggg
cocaghggaa
ctoaceacga
ag

<213 &

<2ll> 3622
212> DNA
<213%> Homo

~220>

<221> misc_
<223> Iocyte ID Ko:

<400 &

goegeagyeg
gtobogoaga
ALLRCCRECT

goegongacy Co

Llelss ielelild L]
accagoagTg
tataccaycyg
ceggacccta
cggtaggeen
cttgaargck
azcttogatg
gtgakeckeg
cttctoccacg
antgaactgs
aallcagktgl
cacgtgatte
croctgyyas
gacaccatea
cggaaaktoog
gggaaaakbts
cayattcacs
agatacasgs
gatgcaccaa
atcgaggote
gtrcacagbag
tcaocococage
atgactgacyg
cagagkcaca
caahtacthg
cabadadggo
tteltaaact
cactettcca
ctetticttg
ctocatigotg
aaktgoaggoea
accgeochyg

cbtacecoga
tgekgttecas
Dlls tofed-Ts [od A R )
Lglggaccac
cotatatbcag
togagaatca
goctggoctec
EEEELLLEE
gotteagate
casgacaglyg
abttgaactyg
zatcggktec
taacageace
gageotgtbg
cracgragys

saplens

Zeaturs

gyegegedgy
geggegtgat
totcgcaggy
atcocoos
cegaackggg
geoggaggcy
tgaagcaggk
ttcaggttht
gugacagage
ttotigataa
cagaagoaqt
cagtggkbtic
caggctbeas
trtoaanlaga
ttacagcact
agtatotcaa
aagaactega
atzgatgeat
gggacagoal
gpeattbtgh
agastoatcy
acaggaggaa
goctgoagaa
COATCRCadd
cygsagootl
tgggtaccaa
gehtgagaag
gtcacettge
ataatgagoga
caktogltby
glictgaaac
atgechacoa
gaaaggazag
coacaghoca
gtgagoktoe
ccticcaget

Titttagtea
ragcogacy
ctecacgeocks
coaggggtga
astatgtekg
aggcttctey
ctgetettog
chocacnata
gucttyaast
agigaaagsy
gaaatcagtc
argagotaca
chgtooggaga
COCRYIGCARC
caagggackg

T476312CEL

Yuageocggd
chaclgoogy
coeggoayra
gageeges
cagcggiayc
coactgokoo
grtethebgey
dotgatotte
tggtitataga
goatcatgea
Gtgcagglcg
goegagtatog
caggagattt
aratggggaa
agatcactgt
cocagoobie
tgatotgooe
LTRSS
Craacagoac
ctogotcasg
Lyatteagga
agagtcocatt
teglegotat
ggttatazat
ggacagaglL
agatgaagat
actgtcagge
Aatgucaats
gagiigogac
tctggyekta
cactetbagy
caactocacs
agtaaagaga
Lgacgtggat
tgtgctotac
Cacggtoarg

0

Lggttcanga
tcaccoagge
tggacateat
accagocatt
tgebggagaa
ctea X+tels]
caacagacat
aagactiaag
gtgelgacal
totatgaags
cteozottgbaa
TagTggages
acatoctoyy
acagaagLag
agaguygagga

cgagggatog
gaciogyadg
crrekgoeog
tegogaccee
agcpcgggtt
agragogeay
qaggrgagea
qosaaguaag
tgcaastattg
aktategbaz
abcogguora
gatgaccatg
atggagas.iz
gttegetoec
catgaagcaoa
garzggatgs
aazagoyata
aaggaghoos
gktgaagatca
asactgtott
gacaattote
gacgtgaaak
cegtocatgg
ataatcaalg
ctagagati:
coccacacoa
aacgagtaty
accabcasby
ttoaacatet
aaggtottek
gactggttac
catgotaceg
ageebagute
caccoggyaa
aatgacactg
gacacaazat

Gy

mgakttaccac
catgoactgs
goitggactg
tttgataana
teatoactong
aaaggasatg
caacaggcag
aotggaugal
ttgoaatcct
attotacagy
Loaacagaaa
gatatbecyg
coacetegea
nggragcagt
goaggaagyc

golbgecgoece
ayticageee
goctobtogt
ccagogtags
cogoagocos
aggccgagac
tegggoccat
atagtcagag
choeggackos
Ligatcatay
REEELLE
sagaggegte
guagcataac
agttcaaalt
tagasataac
TgygoLacea
agauregoge
aggggeltta
coocagigat
gtaccactga
agacagagos
cgatateate
cgaggatcra
Cagococaaga
tacggaccac
gkgatektgh
Tgtttactaa
atgtleoeccen
tEgazantgga
ctoggtitoy
aaghgatega
ecobocigoa
agthggatga
gyaccaacta
otgttotgga
goaacakttt

(185)
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agcraaaace
tacatgasag
ctggetgeag
a2ctaaccace
cgalckacaa
sCACagUYata
aatgaatict
gracaggacs
tatagaatch
daaggigaad
gatbocabcs
gantygogroe
cacaacaagy
ggcagoyggs
gacagoecot

cagcatcocat
gueccgooag
coagaccgac
cegagtocge
cgeagegae
tcagacctge
gagactgacy
egatggebbe
agagleagce
acaaactecag
egageacacy
agioottoot
tgetigokat
acgygeobyl
asgogatgac
Ccasaggtgay
agaccttcte
ctatgoocaga
tggecaagga
caataataag
Leatboakte
tegaggoagh
ctecatgace
aaacagocca
agaactgiac
tggaggocty
gaatgtycac
ttgtatotck
agcocattacy
agratetgan
agecasckbac
cgrcaccocl
gotygcagee
ttimctetge
gagtcacoac
caagastatc

$80

1020
14380
1140
1200
5260
2330
1384
1440
15040
15462
1620
1830
1740
2800
1802

60
120
ga
240
300
360
(D)
480
540
&4
6E0
720
FRA
340
804
589
1920
L0
1140
300
12680
1320
1380
1440
1500
1550
Le20
1580
1740
1800
1860
13290
1580
2040
2100
2160
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yacaguaace
akgacaaazc
gotgagattyg
caaztootga
tbguacctgk
SaBgAgany
whoceoaagt
gatocchibg
aagacactag
FCCACRGaYY
aggoebtoot
acottgaate
aialatebte
chgboaboct
aggaagotas
ctagtgatca
cctoaagean
zaazaazaaa
tagctbeaca
geucavagee
cttbectgha
ttcatbktzg
cactacacoa
Leazaaaaaa
cggyghgata

<210> 7
<2il> 730
<212> DNA
<213> Homo

=220

attatcgaac
actttgaaca
Aaggeagga
teaaacgoat
gratbgaal;

gacaygeact
vhoagatete
czcabotgeo
atgacetaaa
gggoetabty
ttetaatyan
abtcaaghee
LrtigaaLac
gqegtaccott
geatbtoghge
gobeatecki
atcgatcbga
azgacalbaas
godtetatgy
thgoctoghe
aaaggggtto
gagaatocat
agtattatat
aaaaagaagt
goocaggeag

sapians

=221> migc_faaiure

«223% Imcyle IO Wo:

40> 7

cogtageggn
octrecactgeg
ctigettaas
catctctoae
tgcgattaas
agrigtagky
tgatcicaas,
agcatgecag
ctiteoctasce
gagtbcocagag
ttatgaaath
gtoaasnght
acelaactge

<210> B
<2il> 1713
212> DNA
<213> Homo

<220

=221 mdge_

gthcagagyg
gottttracc
taccogacch
cgcggagshy
atcggaacty
teacatoaktg
tachglgage
tgtosaggas
actocoatta
tiggtgasge
gtaganaagt
teboaloigy

sapiens

feature

gobgrgeeag
tgtgaslaag
ctgtgantyc
gatgattasag
wuctayoego
neciotgyty
tttcatigac
agccctgato
gtgdaaaagt
accdacaang
antgacaggh
ccazatttea
ttaatgacag
gtcaateorat
ctotgagotc
Laccataaaa
aggatlcaca
Ataagogaaa
ctacaktgghlb
ggkgoeccter
atctbaacas
gagettocott
aasagecatc
tiatatacat
tt

2708606CE1

oooggREnhg
thetotetac
tgrbgoacoa
clgoagasasa
atatgetaga
agaatckaaa
tcocaceren
a2gALARa0g
acategatat
agralaabes
achacsaagd
ctoichgsto

“223>» Incyte ID No: S380038C31

<400> &

aoiattatty
{tkgtgasca
ARCCCLOTLE
talgetgacy
atetntgagg
etgccagbat
tactteataa
caacstLbge
tigangohte
gacaclighga
attygtgaag
ctatbagaas
aacaaatact
ggagatggll
atetcooagy
gicatcakty

CEHC ARG
cthoragosy
ctagactygt
actcabcual
ctatttetugcs
agalttgaat
gtttaazatt

Ggagacliog
getaggayga
gagaaarady
Lllggagaat
attggactgn
gagageaact
cottgacaza
aattocatta
caaagtocaag
agaacactia
ggctasaaga
Eckbactaat

gagstggeac tgacasgIdt gugrascooa cholcgaggt
gocaeattos a8AgQCOvAC OGGFLUAgat CAQCCOgOdT
crLeggeagga gooagoockyg bgaaccotgt ghtycotgtco

89

acatgutlt
goALCRACAA
ggsagascth
tiygocaacos
agtatkckge
ttgaccagas
cagacatgit
chgacaanta
catotgavay
atcacegtag
gaychaatgt
gubatgnbeo
togeaaacte
cacbgtanct
stggtgacee
ctgtttaget
ctgaacegat
cazatiacay
atggtatgac
atcagoageo
yatgaggasa
tcacagagac
goecktagac
trtabtaaas

cacacugtga
tacttpgtgs
cahtgatico
acaatogoan
cakalicacas
gaggteaaty
cragatgbet
ctonaggaay
amcaatghbar
acagtytegy
accadacado
gagyalageT

(186)
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ggcancagagy
gocaatygda
sackgaanan
atgoogocon
acagochtgat
tacchgtage
tgatoctigg
canacavigy
cuasagroaa
cgtanzcaag
ttaatatieg
atgaagaaaa
citkprtctg
ageageooac
agtagcteag
tgactgtttt
ttatciarga
ateasctagt
acctaaghca
cglpleacee
adagtggeac
agCCecysgn
aagcettthat
tecaaattht

ctgagatgLo
cctoatheont
tcagtaaaca
cotttoagea
aagutguacs
taaacatcic
catttoaaag
Lrittgaggo
tonttaagna
graabyaoan
atgtocagaa
ttgtrtyace

2220
2280
2340
2400
2480
2520
2580
2640
2700
2760
2828
2880
2540
300
2260
3170
3180
3240
3300
3380
3420
3480
354D
FEGH
3622

a0

1z
130
240
Fe0
360
420
460
540
SO0
&60
7ad
730

begaccoggy gatgbgoace 60
gacectgada cbitgtcote 120
atetegaade cecageakga 180
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gaRggCoLgge
cacoggtaca
gelygaacta
Lgaagyoacy
taatcaccug
ceagoaaggt
goagogtacs
aceeggecas
tugoacacaa
gottcacaga
yucacaggta
coghggageta
tcatcacate
tocacaagkh
resacgggak
wogooTacoe
coRacaAcoS
gzagaattan
tgaagaccak
tLgagagogt
acgatgagea
sbggaayggoe
tcoctegtgak
tggcteazgg
cocbtgotggt
cactgteace

cgbootocte
asgtoaggge
cgavcaggat
ctacatgace
canatatate
geagctgoan
catetggate
gracgLcace
ctuacaaaznat
ggaggacety
cggooaogag
cochboceqggag
cgaceacgge:
coccaacthe
gelgctoceck
“angectoeac
cagggtcaca
cgboeagtha
¢Etoegoget
coacghgtac
cotagrlact
Lacictceig
Jggactgery
aagoogoogg
cgoggnogya
dJoeagegeca

actgiggete
toccagaaca
gtggacacce
ceocgeatthyg
aagaaccacg
taceacgora
acagcoraga
taccaagggs
gagacggagh
ganenggtes
Loogoggaga
agralcgone
aLgacgaccg
accticeygy
assgaagggs
gtctacaaga
cocctygetua
aacaatggag
SLYoguecta
cagcteatgt
ctgctgocca
cococaagougaa
gggacagtga
gagobgoooy
ccotgontog
accochgaaa

tggcooacgot
agotgotoch
ccaacclyga
teaccabtgac
gagtsgteca
cygrtegocat
ggcagyugect
tggctgtbgac
ggagagogaa
caztetacti
ggagsgsagat
geaaccacct
tgpacaancg
acatcgagth
ggctggagaa
aggaggeatt
tgtacagega
AgCacggctt
gobhcagogc
greggetget
tgctycacac
gakctgotah
ttotbotgtc
caggeetygy
cergrtharc
aan

95

cotguotoac
ggtgtootte
cyccatygon
cagcceckbge
caacetgtac
coagagatas
gagggctage
goagagesge
vatcgacana
ogaggagey
gotgoggeay
cacagacegc
gactogegac
tgagctootg
gotgtacgak
cEcegagyee
cocbtgyoctas
Coacaacaay
gonectggas
gaucategts
agaatetgok
oacgrecage
tgougtogos
ceggelgtet
craggecwga

(187)
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dgggcogaag
Jacggotios
Cyagasgagg
cactlicaccs
Lacaacacca
tuggacancg
tocektektcoh
aazgaagnea
gtgatggegt
gactcoacgy
gtggaccuga
ctcaacctga
ctagrboaat
gactacggac
gecekoaacg
ttocactacy
gleatoocaty
gacatguaca
gtggagcoct
ccegaggoca
attocgacty
ageaggooes
Vancgoooca
cgobgogaty
ggcegcatgc

240
300
360
4240
(4]
544
(1)
€640
T2
¥ada
g4
200
2640
1RE0
108¢
1140
1200
1260
1320
13E0
1440
1390
1380
1820
1566
1713

JP 2004-512019 A 2004.4.22



L T e T e T e T e B T T e T e O e Y e O e O s O e, T e, R e T e, IO e, T e O e R e O e O e T e T e T e T e T e T e

(188)

oooooooboboOooooooooobDboooad

01/98471 A2

{12) INTERNATIONAL APPLICATION

LCBLISHED UNTER THE PATENT COOPERATION TREXTY (POT)

ICORRECTED VERSION|

{19) Warld Intellectual Praperty Organi
Intrinutions | Burcau

43} Internarional Pichlication Dare
27 December 2001 (27,012,204

(NGRSO O O

{101 Internatioas] Publication Number

WO 01/98471 A2

I51) Interpational Pateat Classification™: CI12N %00

(20 Interpaiional Applicagien Xomber:  FCT/UCMM 261410
(22) Interpstional Filing Date: 20 Fune X001 2062000

£25) Filing Language:

Enplish

(26) Pl

(30} Prinr
otk

une HXH1 2280
EA Ty 200014 4
1o Otoher 2000 | LGSR U8

Al 241 100

Applicant (o sl desigrted Siicies xcep 155 INCYTE

CEMNOMICS, INC, [USUS): Heo Paner Drive, Falo
Alto, CA S04 1US),

THORNT{H
Michael [C [+ 9 Medway Kond, Wi, €
621612 LS TANG, [CHMATS], 3352 Abma Sineet
#1140, Fale Alto, CA w4206 L ATTERSON, Chan-
dra [LS/AUS]: Q50 Shervond K1, Nerls Park, CA
DIIE UV VAL, Monigue, G, [USITXE] 111 Frederick
Coyrt, Mounradn View. CA 240143 (051, TRIBOULEY,
Catherine, M. [TRAISE 1121 Temessee Street 85, San
Franciveo, O 94107 (1N LA, Preeti JINAIS) PO
Bos 51240 Santw Clare, €A 35056 (US), FIAFALL
April. L AL [USLISE 2227 Calle e Primavers
Clara, CA 0343 U5 BAUGHN, Muriah, R, (LSS
14244 Zaptiagn Rowd Sum Leanden, CA B4577 (LIS),
RAMKUMAR. Jayalaxmi [INUIS]: 350 Mayhird
Cirdle, Premont C8 94355 (US1 LUL Yan [CNAUS]:
8RS ina Wiy, Palo Alee. CA 28307 (1285 WALIAL

Navines, K. {1}
P

LIS L B9 Davin it #2085, San Lan-
L&k

(7)) Agenis: HAMLET-COX. Digna ot al; [neyie Genamics,
e, 260 Paner Livive, Palo Alloe, CA 304 1US),

AL A

{811 Desigrated States vl AL .
AL DABILBG B BY, BA CA CHON OO R O
A DR DK, UM, EE EX FL GE, E.GH. CM,
HROHU, (L, 15,00, K. BUGLKIV KL KL, L LK,
LR, LS. LTULUL LV, MAC M DL MG MEL MN, MW MY
MZL ML NE Pl PRRID. REUL SDSE, S0, 818K S1.
TETMUTILTT TZ, UAL UG LS, LIZ VN VL ZALZW,

(54) Designated States Segiosalys ARIED paters (GIL GM.
KE. LS, MW, MZ. 3D. 5L. 5Z. TZ. UG, ZWh. Eurasiun
Pl AN, ACBY, KG, KA ML RLUTLT L Eorggesin
pueit 1 AT, BE.CH, CY, DE, DK_ES. FILLFR_GB, GE, IE.

FTL LR MET ML, TT. SELTRY QAR paent (RE, T, CF
CGLCL UM, Ga 6N CGW, ME MR, NEL SR, BLET]
Fublished:

withon! rternaronal scarcl report and 1o be repubiishod
KEO PECRIE of Thar Nopore

—  with sequence Mtz poet of descriptiv gabfished sepo-
ratted fur plortrainic form wind cvatfalle npon reguest fram
she drernarional furean

{48) Mane uf poblication of this corrected version:
14 Pebwruary 202

(151 Informastion about Carrection:
see POT Giazetle Mo, UT/ X002 ar 14 Fehrsy 2002, Sective
i]

Fow pwu-deiter candes ond other shbretoliony, rofer fo the "Unids
ansz Notes o (adsy g Ak o T appeariiE of the e -
nig af el regalar fssue of the PUT

(54) Title: PUOSPHOMICSTERASES

O [57) Abstrace; The invention provides hpman phosphodiesterases (HFDES and polynuclentides which identity and encode HP1E.

e Expression vecmrs st colls, antilodies.
11 preverng, disonders axsoviued witly abertune exprgsion of HPDE,

i, and antagamds. The iny alsoproviches methods

JP 2004-512019 A 2004.4.22



L T e T e T e T e B T T e T e O e Y e O e O s O e, T e, R e T e, IO e, T e O e R e O e O e T e T e T e T e T e T e

(189)

oooooooboboOooooooooobDboooad

WO 01/098471 A3

{12} INTERNATIONAL APPLICATION FEBLISHED UNDER THE PATENT COOPERATION TREATY {POT)

419 World Tntellectual Property Orgamization
Tnlematianal Bureau

{43) Inlernational Fublication Date
27 December 2001 (27.12.200 1)

{1 Iiternadienal Publicstion Number

WO 01/098471 A3

CI1IN 1S5S,
20, 3353, ABIK

S

(Z1) Interangtional Apnlication Number: PO LAISOIZ0140

(22) Inrernarional Filiag Darer 27 June N1 (21.06.2001)
(28 Filing Language: English

(26) Publication Language: h

(30] Priarity Mata:

BOI135 22 June 2000 ¢ s
GUIZI8.23 S July 2000 14072000 TS
07230, 180y T8 Cheranleo 1O DB TOCUN hi

1) Applieant (i ol dsigrsteid States evveps |50 INCYTER
GENCEMICS, INC, [IFGLIS]E 3100 Porder Dive, ala
Al CA 9230 (TS

{72) Toventors: nad

175) Invemorstpplicauts ‘for S enfyst THORNTOSN,

Michael MISATS], 9 Muedway Road, Wrod
Qa2 2602 (US: PING, Li [Ch/Ls); 3?51 Al
1 P

Adz, UA G430 (18]
rwoud Way #1. 'ﬂ\.“\ o Park.
loninue, G. JUSUS] TIL Froderich
Cour, Meamlnin View. Ca w015 (U8 TRIBGULEY,
Cnthering. M. VRS D121 Tanesses Suest B San
rancises. UA BSIOE (T h LAL. Preet [IN/05 : PO,

i S . €A 90 {05, HAFALLS,

amam

T 2227 Calle dle Primeners. Sunw
A ‘1‘015 [U‘?) BAUGIIN, Marlah. R. [US/I5];
14244 Bzatiage Road, T Leandie, CA BSTF (LK),
RAMKUMAR, Jayalnzmi [INAINT 32350 M
Circle. Fremon., € 94555 U5 LU, Yan [CNAUS]:

IRRS Cenving
Naeder, K.
die, €AY

i

1y, Pk A CA BE03 (1750, WALLA,
S/US]: 390 Duvis Sieet #2053, 3un Lewn-
(s,

(7)) Ageats: HAML O Do vt sl Ineyte Genories.
Tee, 2160 Parter Drive, Palo Al A SE04 (175

81 Desigeared Stares irarionalit AE. AG, AL ANL AL ,\L.
AZ.BABE, BG, BR,BY, B2, CA, CHUN, CO, UR, €
A DI DKL L 15 B S, FLGRG.C
R IT[1 I'D i'l, I‘\I IS. JL.KE, k('y KR kR K

M/ NC) N/ I‘\ I"I R(l Rl
TILTM, TR, TLTE, UA, UG, L,

2 VN, YL

{84) Designated States sreionady: ARIPO wifert (GIL GM,
KE. LS, MW, MACSIY SL 8212 UG AW T
Pt | AM, AV, BY, KEE K7, ML RUTLTM Y, i
ulent (AT, BE. C11. CY. DE. DE.FS. FI. FR. GB, GR. [F
JT. LU. M, NL. PT. S0, TR OAPL pinent tBF. B CT.
COLCL M, EHA BN, GV, ML, MR, NE, SN, T T¢.

Published:
with antcrmtronal search seport

{RH) Daec af publication of the inteenational search report:
27 Fermow 2003

{15} Inforoaation about Correction:
Previous Correetian:
sews 170 e Mo, UTP0T G 1
e T1

&R, Kee

P dis i leity cicdvs el aihor sl eiainns, reloe i the

e Wotey on 6 ey ced HBBnvions” apeating et 1 o
ming of aach regular iseue of the PCT Gazerse

(54) Titke: 1TUMAN PLHOSPLUOUILS TURASLS

{571 Abstract: ‘Th E s rarin plwsptad FHPDU
The inventing alse provides sxpression vecoes, host cel's, gnli bodies, 2gonis
Tor dignosing, Ineling, or preventing disinde

1 palyiueloolics wiich identty sed cicode HPDL,
L and anzagamists. 142 invention alse peovi desmezios

soctaled with eherrant exoression o HPDT,

JP 2004-512019 A 2004.4.22



—/
L T e T e T e T e T e T e T e T e T e B e T e T e R e T e T e T e T e T e O e e T e O e T e R e, RO e B |

(190)

oooooooao

INTERNATIONAL SEARGH REPORT meratat Apikation o
PCT/US B1/20140

B
iFC 7

CLASS| \FII‘%TIOMUF SUBJECT MATTEH

2115455 C1ZND/16 C1201/63 COTKLG/ 40 GBIN33/50
GO1H33/53 £B1K38/46

Aocriding toririnticna’ Fatent Slassiicarinn {156) of 1 Lt satianal ier arml FC

B. FELDS SEARCHED

iPC 7

i - doianealien sesrched {chas ko Sygert fofomen by dassil uabion synbols)

Clzh £12Q CO7K BOLN  ABlK

Do sntatcn acarehed oihel than miaimue dos rant=an o he oxtant that suzhisios.nents are inckoded 'nihe fiek's searhed

T leshonnis 323 bace caneled dunng Me Insmafional seanch {pare of data base and, whete practical, seew lerms escd)

BINSIE. EPD-Internal, SEQUENCE SEARCH

C. DACUMENTS CONSIDERRN T BC RELEVANT

Catcgoy®  Citation of document, with indication, wiers approsriate, of tha ;ubevant sassiges Rclovast o slalm e,
!
I
X SASAKI TAKASHI ET AL: ‘"Identification of 1-12,45,
human PDE7B, a cAMP specific i 49
phasphodi esterase |
BIGCHEMICAL AND EIDDH‘l’::ICAL RESEARCH
COMMURTCATIONS,
vol. 271, ne. 3, 19 May 2090 (2000-85-19),
. pages 575-583, XPODZ151411
i 1SSN; 0006-291X
the whole document |
- |
A LOUBHNEY K AND FERGUSON K:
"Identi fication and quantification of PDE
isoenzymes and subtypes by molecular !
hialagical methads" !
PHOSPHODTESTERASE INHIBITORS, XX, XX,
1956, pages 1-19, XP802105161
the whole docurnent
ﬁ'u',v
Vustner dog.mmesis i Tlerd n (he conlinatio” otbos U. Patenttanity mBILGIS A°# st in aien
* sl cuiageiios of Stad dnzments T ol publhed ster e sy
1 el aumn s oot 4 nch soer R L T e

meri of particular 16:avance; the elzimad mration

cannot be conslaeied rovel a: caniol by uuas dered 1y

Valich =y th-us doubts 0 grarty aun(s) cr 5 animvertive sibp whon the 43 i

i=nifed fo Pah-hll.ah me B0l cakon dala uf ancther e
soanil el

aucfering o a0 £, vise, exhibidann cf

Ll £
Mo, seh mv“mnamrl Daing ol ABS 13 3 ;wsn—\ kil ad

clocuman: putis?ed prisr 1o th nisnalianal fiing dato Bt inlhe A
falar thia the zrionty date cla'msd “&* docu~ ey, mamaar of e saoe patul ey
Cate ol the actual completion of The Wemalinnal 2eoich Dl of irai ing of he ioternatinmal search eyt
12 June 2002 -
Marvz and malag akiroes ol fha iSA Auilbu el glficer
Eurperan Patert GHina, ' 3. 6818 2atanfiaan 2
hL- 2780 HY Rijanijr
T, I ! zm Tu. 21 BRI o N H H
o, [{-70) 240-204C, prens : Lejeune, B

ek (421 010 3016 |

Fum FOTT A0 ARSI S0l Jidy TR0E]

page 1 of 2

JP 2004-512019 A 2004.4.22



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

INTERNATIONAL SEARCH REPORT

(191)

-
Inteinational Appliction No

PCT/US 01/20140

C{Comimiatlon) DOCUMENTS CONSIUERED TC BF RELEVANT
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Relevant ta claim Mo,

BLX

P.X

[

@

WD 00 77226 A (KAPELLER LIBERMAMN RDSAHA
JWHITE DAVID (US); ROBISON KEITH E {US):)
71 December 2000 [2008-12-21)

SEQ ID 1 and 2

claims 1-25

EP 1 018 559 A [PFIZER LTD :PFIZER (US))
12 July 2000 (2601-07-12)
SEQ ID 5 and 6

K0 Q1 62840 A [KIUXEH FRANZ WERNER ;MERCK
PATENT GMBH (DE}; HENTSCH BFRMD [DEY}}

39 August 2661 (20901-08-30)

SED ID 1 and 2

1-45,49

Ta

-12,45,
9

l 1-12,45,
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imerrabonal apptizaton Mo,
INTERNATIONAL SEARGH REFORT PLT/US 81728140

Box | Observations where cerlain chims were found unsearchable (Contlmatian of item t of first sheal)

This Imernationst Searsh Rnpan has netbeen gstabisned i respra af certzin elaims crder Adicle 1 7{2)a) for (e fol'cwing reasans:

1. m Claims Nos.2

B2carse ey relsts 1o aubiocl mariar Rat requiad ko ba searchec by s Authocry, namsly:

see FURTHER INFORMATION sheet PCT/ISA/Z1B

5 E Clame Nog.: 20,21,23,24 (211 partially)
seoause thay rotate o 3ars of the Intersat'oral Applicatian that du ol cerip'y with e prescnbed requiramants o sich
2n exteat il rs msaningiul internatienal Szarchsat Ly seiried cut, epeeoaly:

see FURTHER INFORMATION sheet PCT/ISA/210

a [ 1 cloima s

becadse they ars deaenden elalas and ane not draled in accordancs will the sscond and third sertences of Auls G.4(a).

Box ]l Observations whete unlty ofi ion = facking (Conti ion of itam 2 of first shest)

This Hternalional Sea-ching Authardty lound multighs nventons i this alsrnaticral apsiication, as follovws:

see additional sheet

naiianal Seare Resort aovers 2l

1 r\ Ac afl required additior: scaich ises wers imsly paic by the applicant, 18l Inten
— seirchablz cleims

2. |__] Asal searshabte ciaims caule be searohad witout sticrt ustityirg an additioal fea. Hiie Autho:fty ¢id rotinvie payment
of Any ackiional fee.

3 As arly anme a: ke 12quinal adkfilional sea-ch fecs were hrrely said by the applieant. this Intema onel Saarch Report
cavers only (hose 2 aims tor whict lees were pa'd, specificaly clalms Nos.:

4 Ha requicd addi | ssach fzes Wars imey naid by the appican]. Genscquently, this itoreatibnal Search Repart is
restricted 1 the fventan first mentioed 0 he okaims: tis coverod by oo me Now.:

1-44 {partially); 45,43 (completely]

Remark on Protest 7| The addiienal sea'ch oes wera accomgaried oy the 23plican's prtest.

Mo pitlest ASEnTpANeE e prymen; o zddiional search fass

Form PCTASA/210 {contirusalion v frst sheet (1)) (July [923)
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atizimational Apglieetion Ne. PCT/US 01 /20140

FUATHER INFORMATION CONTINUED FROM  PCT/ISA! 210

Continuation of Box I.1

Although ciaims 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 cffects of the compound/composition, as far as these were
searchable (see further remark}.

Although claims 32 and 34 are directed to a diagnastic method practised
on tha human/animal bedy, the search has been carried out and based on
the alleged effects of the compound/composition.

Continuation of Box 1.2

Claims Nos.: 20,21,23,24 {all partially)

Claims 28,21,23,24 vefer to an antagonist or agonist of the HPDE without
giving a trug technical characterizatien. Moreover, no such compounds are
defined in the application. In consequence, the scope of said claims is
ambiguous and vague, and their subject matter is not sufficiently
disclosed and supported.

No search can be carried out for such speculative claims whose wording
is, in tact a mere recitation of the results to be achieved.

A partial search has been carried out as far as the antagonist/agonist is
an antibody to HPDE

The applicant's attention is drawn to the fact that claims, or parts of
claims, velating te inventions in respect of which ne international
search repert has been established need not be the subject of an
international preliminary examination (Rule 66.1(e} PCT}. The applicant
is advised that the EPO policy when acting as an International
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 whethar or not the claims are amended following
raceipt of the search report er during any Chapter II procedure.
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irtersatonal Anclizztion Mo, PCT/US 91 /20148

FURTHER INFORMATION CONTINUED FROM  PCTiSAI 210

This Tnternational Searching Authority found multiple (groups of}
inventions in this international application, as follaws:

1. Claims: 25, 49 (al] completely), 1-44 (all partially)

Human phosphodiesterase with SE 1D 1, encoding
polynucleotides, expression vectors, nost cells, antibodies
and methods of diagnosis and treatment of disorders related
with said phosphediesterase.

2. Claims: 46, 50 {al] compeltely), 1-44 (all partially)

Human phosphodiesterase with SEQ ID 2, encoding
polynucleotides, expression vectors, hosi celis, antibodies
and methods of diagnosis and treatment of disorders related
with said phosphodiesterase.

3. Claims: 47, 51 {(all completely), 1-44 {all partially)

Human phosphediesterase with SEQ ID 3, encoding
polynuclectides, expression vectors, host cells. antibodies
and methods of diagnosis and treatment of disorders related
with said phosphodiesterase.

4, Claims: 48, 52 (al1 cempletely). 1-44 (all partially)

Human phosphodiesterase with SEQ 1D 4, encoding
polynuclectides, expression vectors, host ceils, antibodies
and methods of diagnosis and treatment of disorders related
with said phosphodiesterase.

<1
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