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(57) ABSTRACT 

The present invention describes a G-protein coupled recep 
tor (GPCR) family member newly identified as being modi 
fied, e.g., phosphorylated, and associated with tyrosine 
phosphorylated activation complexes, following exposure of 
cells to Smoke from tobacco burning Substances, namely, 
cigarette Smoke. This GPCR protein is RAI-3, which was 
first found to be phosphorylated in cells treated with ciga 
rette Smoke and to be associated with other proteins acti 
Vated in cigarette Smoke treated cells by virtue of the present 
invention. Because cigarette Smoke is considered to be a 
major causative factor of chronic obstructive pulmonary 
disease (COPD) and disorders and conditions related 
thereto, the RAI-3 protein is newly provided as a cellular 
drug target for Screening, discovering, and identifying 
modulators for the treatment and/or prevention of COPD 
and its related disorders and conditions, Such as emphysema 
and chronic bronchitis. In accordance with the present 
invention RAI-3 modulators, e.g., agonists and antagonists, 
can be used as therapeutics in the treatment of COPD and 
numerous other diseases and disorders that are associated 
with regulation of NF-KB and/or its associated or interacting 
signaling molecules. This invention further provides SNPs 
of RAI-3, e.g., for determining COPD association in indi 
viduals. 
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FIG. 11A 

CDKAEAWGIV LETVATAGVV TSVAFMLTLP ILVCKVODSN 
LTFAFIGLD GSTGPTRFF FGILFSICES (CILLAHAVSLT 
FSLVODVIAI EYIVLTMNRT NVNVFSELSA PRRNEDFVLL 
GSETGWKRHG AHIYLTMLLS. IAIWVAWITL LMLPDFDRRW 

VSPEFWLLTK QRNPMDYPVE DAFCKPQLVK KSYGVENRAY 
STHFOLONOP POKEFSIPRA. HAWPSPYKDY EVKKEGS 
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FIG 11C 

1201 ctatgcc.ccct attccacacatttitcagotgcagaaccagcCtcc.ccaaaaggaattcto 260 
31.7 Y A P Y S T H F O L Q N Q. P P Q K E F S 336 

1261 catcccacggg.cccacgcttgg.ccgagccct tacaaagacitat galagtaaagaaagaggg 1320 
337 I P R A H A W P S P Y K D Y E V K K E G 356 

1321 CagctaaCtctgtCctgaagagtgg gaCaaat gCagcCqgg C9gCagatctagcgggagC 1380 
357 S 357 

1381 toaaagggatgttggg.cgaaatcttgagtct tctgagaaaactgta Caaga Cactacggga 1440 

1441 acagtttgcct coct CCCagCCt Calacca Caatt CttCcatgctggggct gatgtgggct 15 OO 

1501 agtaag acticcagttcttagaggcgctgtag tatttitttitttittttgtct catcctttgg 15 6.O 

1561 atactitcttittaagtgggagt citcaggcaacticaagttta gaccct tact cittitttgttt 1620 

1621 gtttitttgaaacaggat.cttgctctgtcaccCaggcttgagtgcagtggtgcgat Cacag 168O 

1681 cccagtgcagcct cqaccacctgtgctcaa.gcaatcct cocatct CCatct CCcaaagtg 74 O 

1741 ctgggatgacagg.cgtgagcCaCagctCCCagcCtaggcCCtta at Cttgctgttattitt 18OO 

1801 ccatggactaaaggt ctogt Catctgagct cacgctggct caca Cagctictaggggcctg 1860 

1861 citcctictaacticacagtgggttttgtgagg CtctgtggCC Cagag Cagacct gCatat ct 1920 

1921 gagcaaaaatagoaaaag.cct CtcticagocCactggCCtgaatcta Cactggaag CCaac 198O 

1981 ttgctggcaccc.ccgcticcc.caaccottctt gcctggg taggagaggctaaagat CaccC 2O4 O 

2041 taaatt tact catct citctagtgct gcctica cattgggcct Cagcagct CCCCag Cacca 21 OO 

2101 attcacaggit cacccct citcttcttgcactgtc.cccaaacttgctgtcaatticcgagatc 21 60 

2161 taatctocccctacgctctgccagga attct ttcagacct Cactagoa Caag CCC ggttg 222O 

2221 citccttgtcaggaga atttgtagat cattct cacttcaaattCctggggctgatactitct 228 O 

2281 ct catcttgcacccCaacct citgitaaatagatttaccgcatttacggCtgcatt Ctgtaa 234 O 

2341 gtggg catggtotcctaatggaggagtgttcattgtataataagttatt cacctgagtat 24 OO 

240l goaataaagatgttggtggccactictitt catggtggtggcagoaaaaaaaaaaaaaa 2456 
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F.G. 13 

GPCR5D HUMAN - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MYKDCIESTGD.YELLCDAEGP 
GPCR5D MOUSE - ~~~~~~~~~~~~~~~~ warm. At My M A. A. As ~~~~~~~~~-MYEDCVKSTED.YLECDNEP 
RAI3 HUMAN - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MATTPDGCRNGKSKYYRLCDKAEAWGI 
GPRC5B. HUMAN MFVASERKMRAHQVLTFLL. . . LFVITSVASENASTSRGCGLDLLPQYVSLCDLDAIWGI 
GPRC5CHUMAN - ~~~~~~~MAIHKALVMCLGLPLFLFPG. AWAQGHVPPGCSQGNPLYNLCDRSGANG 
GPCR5D HUMAN SAIL ILLE ARKQDCSQWNLPTQLLFLLSVILGLFGLAFAFIIEE 
GPCR5D MOUSE 8 ODCSOWNW AVLGLFGLTFAFIICL 
RAI3 HUMAN YSINES MLBTQFLFLLGVLCFGLTFAFIG. GPRC5B. HUMAN RPFarekekseygi FL.L.G.Greg AFICE 
GPRC5C HUMAN FILGILGLFCLVFACvKP 

GPCR5D HUMAN NOOTAPvryFLFGvLFACFscLLAHA GCVSFSWTT CA LLC 
GPCR5D MOUSE NHQTAPVR RVSFCWTTILFAGVSLOT - & f is 

FLFGLESICFSCLLAHA 3:y: . V. .GRKPLSLLVILGIANG 
FLGVLFACFSCLlsoAWRWRRLvRHGTG 
FLEGvLFArcFscIAAEvFANFLARKNHGPRGW VALIT 

Variant HUMAN RAI3 G (SNP S/G) 

RAI3 HUMAN s 
GPRC5B. HUMAN DETICSVR 

GPCR5D HUMAN 
GPCR5D MOUSE 
RAI3 HUMAN 
GPRC5B. HUMAN 
GPRC5C HUMAN 

v. virlf 
ILGAFLG. AWP 

GPCR5D HUMAN PCENWKOHGR 
GPCR5D MOUSE PCENWKOHGRL 
RAI3 HUMAN SETG 
GPRC5B. HUMAN TLCGKEK 
GPRC5C HUMAN ALCGRYK 
GPCR5D HUMAN CR.QE. . . . . C Pvt.AYQHSEQ. . . . . VENOELSRA 
GPCR5D MOUSE RSCR. E. . . . . CPOGNV QVPVYo ER. . . . . MDOEPERE 
RAI3 HUMAN KQRNPMD. . . . . EVEDAFKPCLVKKSY.G. . . . . - YSOE 
GPRC5B. HUMAN EE EE GPRC5C HUMAN frksSPESYQGDMYPTRGVGY. ETLKEQ. KGQSME 

GPCR5D HUMAN RDSDGAEE. . DVALTSYGTPIQPQTVDPTQECFPOAKLSPQQDAGGV-~~~~~~~~ ww Aa aw 
GPCR5D MOUSE c----~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
RAI3 HUMAN ITQGFEETGDTLYAPYSTHFQLQNQPPQKEFSIPRAHAWPSPYKDYEvKKEGS-~~~~~ 
GPRC5B. HUMAN, HN LRTAGFPNGSLGKRPSGSLGKRPSAPFRSNVYOPTEMAV. . .VLNGGTIPTAPP 
GPRC5C HUMAN F. PVAKRPVS. PY. . . . . . . SGYNGO. . . . . LETSVYOPTEMALMHKVPSEGAYDIILP 
Variant HUMAN R (SNP Q/R) 
RAI3 

GPCR5D HUMAN ~~~~~~~~ Me Me may a M. M. a a A at a as Aya a M MY A M are a a M. M. a. Aw M. W. M. a. a- w w Me Aw aw A. As a M as 

GPCR5D MOUSE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
RAI3 HUMAN - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
GPRC5B. HUMAN SHTGRHLW-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
GPRC5C HUMAN RATANSOVMGSANSTLRAEDMYSAQSHOAATPPKDGKNSOVFRNPYVWD 
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FIG. 14A 

Antisense to RAI3 increased Expression of IkB 
mRNA in A549 Cells 
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FG, 14B 

of E-Selectin on to RAI3 Reduced Expression Antisense 
HMVEC's 
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F.G. 19A 

GPCR5D HUMAN NQQTAPVRYFLFGVLFALCFSCLLAHASNLVKLVRGCVSFSWTTILCIAIGCSLLQIII 
GPCR5D MOUSE NHOTAPVRYFLFGVLFAICFSCLLAHASNLVKLVRGRVSFCWTTILFIAIGVSLLQTII 

RAI3 HUMAN DGSTGPTRFFLFGILFSICFSCLLAHAVSLTKLVRGRKPLSLLVILGLAVGFSLVQDVI 

RAI3 MOUSE DGATGPTRFFLFGVLFAICFSCLLAHAFNLIKLVRGRKPLSWLVILSLAVGFSLVQDVI 

RAI3 RAT DRATGPTRFFLFGVLFALCFSCLLAHAFNLIKLVRGRKPLSWLVILSLAVGFSLVQDVI 

RAI3 COW . NGGTGPTRFFLFGVLFALCFSCLLVHAFNLTKLVRGROPLSMLVMLGLALGFSLVQDII 

RAI3 HUMAN DGSTGPTRFFLFGILFSICFSCLLAHAVGLTKLVRGRKPLSLLVILGLAVGFSLVQDVI 
(w/SNP S/G) 

F.G. 19B 

GPCR5D HUMAN RDSDGAEE.. DVALTSYGTPIQPQTVDPTQECFIPQAKLSPQQDAGGV-- ~~~~~~~~~~~ 
GPCR5D MOUSE C- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
RAI3 HUMAN EITQGFEETGDTLYAPYSTHFQLONQPPQKEFSIPRAHAWPSPYKDYEVKKEGS My M Awarmer A aw 

RAI3 MOUSE EITQGL. EMGDTLYAPYSTHFOLONH..QKDFSIPRAQAPASPYNDYEGRKGDS 
RAI3 HUMAN EITRGFEETGDTLYAPYSTHFOLONOPPOKEFSIPRAHAWPSPYKDYEVKKEGS A M Was A are A 

(w/SNP Q/R) 
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FG, 21 
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F.G. 22 

CHOGa15 RA13 Flag CD3 

re 
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F.G. 23A 

CHO NFAT Ga15 Control (Fluorescence) 

FIG. 23B 

CHONFAT Ga15 RA-3 (Fluorescence) 
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FIG. 24A FIG. 24B 

CHONFAT Ga15 CHO NFAT Ga15 - TIP 

FG.24C FIG. 24D 

CHO NFAT Ga15 OGPCR CHO NFAT Ga15 OGPCR 
intermediate High 
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FG, 25B 

841 CttcaccittctgtggttcCtt Cacgggctggaagaga catgggg.ccca catctacct cac 9 OO 
197 F T F C G S F T G W K R H G A H II Y L. T. 216 

901 gatgct cotctic cattgccatctgggtggcctggat caccctgct catgctitcctgacitt 96.O 
217 M L L S II A. I. W. W. A. W. T L L. M. L. P. D F 236 

961 taccgcaggtgggatgacaccatccticagotcc.gc.cttggct gccaatggctgggtott O2O 
237 D R R W D D T L S S A. L. A. A N G W V F 256 

1021 cct gttggct tatgttagt ccc.gagttittggctgct cacaaag caacgaaaccocatgga 1080 
257 L L A Y V S P E F W L L T K Q R N P M D 276 

108 ttatcctgttgaggatgctttctgtaaaccncaact cqtgaagaagagctatggtgtgga 114 O 
277 Y P V E D A F C K P O L V K K S Y G V E 296 

1141 gaacagagcctactict Caagaggaaat Cact Cnaggittittgaagaga Cagggg acacgct 12 OO 
297 N R A Y S Q E E I T X G F E E T G D T L 316 

1201 ctatoccc.cctatt coacacatttitcagotgcagalaccagcct coccaaaaggaattctic 1260 
317 Y A P Y S T H F O L Q N Q. P P Q K E F S 336 

l26l catc.ccacggg.cccacgcttgg.ccgagccct tacaaagactatgaagtaaagaaagaggg 1320 
337 I P R A H A W P S P Y K. D Y E V K K E G 356 

1321 cagctaactatgtcctgaaaagtgggacaaatgcagccgggcggcagatetagcgggage 38O 
357 S 357 

1381 tcaaagggatgtgggcgaaatctgagtettctgagaaaactgtacaagacactacggga 1440 

144 acagttgcatccetcccagectoaaccacaattct tccatgctggggctgatgtgggct 15 OO 

15 O. agtaagacticcagttctagaggcgctgtag tatttitttgtcticatcctttgg 15 6.O 

1561 atactt Cttittaagtgggagt ct caggcaacticaagtttaga Ccct tact ctittttgttt 162O 

1621 gtttitttgaaa.caggat.cttgctctgtcaccCaggcttgagtgcagtggtgcgat cacag 1680 
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FG, 2SC 

1681 cccagtgcagcct.cgaccacctgtgct caagcaatcct cocatctocateteccaaagtg 1740 

1741 ctgggatgacaggcgtgagecacagcticciagectaggccettaatctgctgttatt 1800 

18O ccatggactaaaggtotggtcatctgagcticacgctggcticacacagctetaggggcctg 186O 

1861 cticetictaacticacagtgggtttgtgaggctctgtggcc.cagagcagacictgcatatct 1920 

1921 gagcaaaaatagcaaaag.cetctictoagcccactggcctgaatctacactggaagccaac 1980 

1981 tgctggcaccc.ccgcticecca accettctgcctgggtaggagaggctaaagatcacce 2040 

2041 taaattact catctetctagtgctaccticacattgggcotcagcagct&cccagcacca 21 OO 

2O1 atteacaggteacocctictettctgcactgtc.cccaaacttgctgtcaatt.ccgagate 216 O 

21 61 taatctoccactacgctctgccaggaattettcagacct cactagcacaag.cccggttg 2220 

2221 ct cottgtcaggagaatttgtagat cattctoacttcaaatticctggggctgatacttct 228O 

2281 ct cat CttgcaccCCaacctctgtaaatagatttaccgcatttacggctgcattctgtaa 234 O 

2341 gtggg catggtotCctaatggaggagtgttcattgtataataagttatt cacctgagtat 24 OO 

2401 goaataaagatgtggtggccactictitt catggtggtggcagoaaaaaaaaaaaaaa 2456 
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FIG. 26A 

A549 Transfectionl Flag-RAI-3 
CS- CS- C.S. CS 
160 160 160 160 
1 hr 2hr 3hr 3hr - EGF 

A549 
Not transfected 

Flag-fusion control 
5248 kD 

Flag-RA-3 
ru41 kD 
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FG. 26B 

A5491 Flag-RAI-3 
CS- CS- CS 
160 160 160 

EGF 1 hr 2hr 3hr 
3 4 5 

&s: A549/ 

199- Not transfected 
128 

85 

41.7- Flag-RA-3 
32 ~4.1 kD 
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FIG. 27A 

199 

128 

85 

Flag-RAI-3 
41.7- ru41 kD 
32 

18.3-y 

Anti-Flag Pre- immune RAI3 anti 
blot Sera blot sera blot 
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FIG. 33 

A. Normal Lung Tissue B. Normal Lung Tissue 

Respiratory Epithelium, Normal Lung Respiratory Epithelium, Normal lung 

C. Emphysema, Human Lung Tissue 

Respiratory Epithelium, Emphysema 
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FIG. 34 

A. Chronic Bronchitis, Human Lung Tissue B. Chronic Bronchitls, Human Lung Tissu 

Respiratory Epithelium, Bronchitis Respiratory Epithelium, Bronchitis 

C. Chronic Bronchitis, Human Lung Tissue D. Chronic Bronchitis, Human Lung Tissu 

Seromucous Glands, Bronchitis Mucosal inflammation, Bronchitis 
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IDENTIFICATION AND MODULATION OF A 
G-PROTEIN COUPLED RECEPTOR (GPCR), 

RAI-3, ASSOCIATED WITH CHRONIC 
OBSTRUCTIVE PULMONARY DISEASE (COPD) 

AND NF-KAPPABAND E-SELECTIN 
REGULATION 

0001. This application claims benefit to provisional 
application U.S. Serial No. 60/390,850 filed Jun. 20, 2002; 
and to provisional application U.S. Serial No. 60/407,006, 
filed Aug. 29, 2002, under 35 U.S.C. 119(e). The entire 
teachings of the referenced applications are incorporated 
herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to the identification of 
drug targets, and modulators thereof, for the treatment of 
chronic obstructive pulmonary disease (COPD) and COPD 
related disorders and conditions, Such as emphysema and 
chronic bronchitis, as well as for the treatment of other 
diseases and disorders related to the regulation and/or 
mediation of the NF-kB pathway and components thereof. 
In particular, this invention relates to the new discovery that 
the RAI-3 protein, a member of the G-protein coupled 
receptor (GPCR) superfamily, is associated with the devel 
opment of COPD and COPD related disorders and condi 
tions. The invention further relates to modulators of the 
RAI-3 protein and their use in methods of treating not only 
COPD, but also a variety of other diseases and conditions 
that are affected or mediated by NF-kB regulation. 

BACKGROUND OF THE INVENTION 

0003. Many medically significant biological processes 
that are mediated by proteins participating in Signal trans 
duction pathways involving G-proteins and/or Second mes 
Sengers, e.g., cAMP, have been established (Lefkowitz, 
1991, Nature, 351:353-354). These proteins are often 
referred to as proteins participating in pathways with G-pro 
teins or PPG proteins. Some examples of these proteins 
include the G protein-coupled receptors (GPCR), such as 
those for adrenergic agents and dopamine (B. K. Kobilka et 
al., 1987, Proc. Natl. Acad. Sci. USA, 84:46-50; B. K. 
Kobilka et al., 1987, Science, 238:650-656; and J. R. Bun 
Zow et al., 1988, Nature, 336:783-787), G-proteins them 
Selves, effector proteins, e.g., phospholipase C, adenylate 
cyclase and phosphodiesterase and actuator proteins, e.g., 
protein kinase A and protein kinase C (M. I. Simon et al., 
1991, Science, 252:802-8). 
0004 For example, in one form of signal transduction, 
the effect of hormone binding results in activation of the 
enzyme adenylate cyclase inside the cell. Enzyme activation 
by hormones is dependent on the presence of the nucleotide 
GTP, where GTP also influences hormone binding. A G-pro 
tein binds the hormone receptors to adenylate cyclase. The 
G-protein has further been shown to exchange GTP for 
bound GDP when activated by hormone receptors. The 
GTP-carrying form of the G-protein then binds to an acti 
vated adenylate cyclase. Hydrolysis of GTP to GDP, cata 
lyzed by the G-protein itself, returns the G-protein to its 
basal, inactive form. Thus, the G-protein Serves a dual 
role-as an intermediate that relays the Signal from receptor 
to effector, and as a "clock' that controls the duration of the 
Signal. 
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0005 The membrane protein gene Superfamily of G-pro 
tein coupled receptors (GPCRs) has been characterized as 
having Seven putative transmembrane domains. The 
domains are believed to represent transmembrane C.-helices 
connected by extracellular or cytoplasmic loops. GPCRs 
include a wide range of biologically active receptors, Such as 
hormone, Viral, growth factor, and neuronal receptors. 

0006 GPCRs are further characterized as having seven 
conserved hydrophobic stretches of about 20 to 30 amino 
acids, connecting at least eight divergent hydrophilic loops. 
The G-protein coupled receptor family includes, for 
example, the following types of receptors: dopamine, cal 
citonin, adrenergic, endothelin, cAMP, adenosine, muscar 
inic, acetylcholine, Serotonin, histamine, thrombin, kinin, 
follicle Stimulating hormone, opsins, endothelial differen 
tiation gene-1 receptor, rhodopsins, odorant and cytomega 
lovirus receptors, etc. 

0007 Most GPCRs have single conserved cysteine resi 
dues in each of the first two extracellular loops which form 
disulfide bonds that are believed to stabilize functional 
protein Structure. The 7 transmembrane regions are desig 
nated as TM1, TM2, TM3, TM4, TM5, TM6, and TM7. 
TM3 has been implicated in signal transduction. Phospho 
rylation and lipidation (palmitylation or farnesylation) of 
cysteine residues can influence Signal transduction of Some 
GPCRs. Most GPCRs contain potential phosphorylation 
Sites within the third cytoplasmic loop and/or the carboxyl 
terminus. For several GPCRs, such as the B-adrenoreceptor, 
phosphorylation by protein kinase A and/or specific receptor 
kinases mediates receptor desensitization. 
0008 For some receptors, the ligand binding sites of 
GPCRs are believed to comprise a hydrophilic socket 
formed by the transmembrane domains of several GPCRs. 
This socket is surrounded by hydrophobic residues of the 
GPCRs. The hydrophilic side of each GPCR transmembrane 
helix is postulated to face inward and form the polar 
ligand-binding site. TM3 has been implicated in several 
GPCRS as having a ligand-binding site, which includes the 
TM3 aspartate residue. In addition, serines within TM5, a 
TM6 asparagine and phenylalanines or tyrosines within 
TM6 or TM7 are also implicated in ligand binding. 

0009 GPCRs can be intracellularly coupled by heterot 
rimeric G-proteins to various intracellular enzymes, Signal 
transduction pathways and molecules, ion channels and 
transporters (see, e.g., Johnson et al., 1989, Endocrin. Rev., 
10:317-331). Different G-protein B-subunits preferentially 
Stimulate particular effectors to modulate various biological 
functions in a cell. Phosphorylation of cytoplasmic residues 
of GPCRs have been identified as an important mechanism 
for the regulation of G-protein coupling of some GPCRs. 
GPCRs are found in numerous sites within a mammalian 
host. 

0010 GPCRs are one of the largest receptor Superfami 
lies known. These receptors are biologically important and 
malfunction of these receptorS results in diseaseS Such as 
Alzheimer's, Parkinson, diabetes, dwarfism, color blind 
neSS, retinitis pigmentosa, asthma and others. GPCRS are 
also involved in depression, Schizophrenia, SleepleSSneSS, 
hypertension, anxiety, StreSS, renal failure and in Several 
other cardiovascular, metabolic, neural, oncological and 
immune disorders (F. Horn and G. Vriend, 1998, J. Mol. 
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Med., 76:464-468). They have also been shown to play a role 
in HIV infection (Y. Feng et al., 1996, Science, 272: 872 
877). 
0.011 AS mentioned above, the structure of GPCRs com 
prises Seven transmembrane helices that are connected by 
loops. The N-terminus is always extracellular and C-termi 
nus is intracellular. GPCRs are involved in signal transduc 
tion. The Signal is typically received at the extracellular 
N-terminus Side. The Signal can be an endogenous ligand, a 
chemical moiety, another type of extracellular Signal, and 
even light. This signal is then transduced through the mem 
brane to the cytosolic Side where a heterotrimeric G-protein 
is activated which in turn elicits a response (F. Horn et al., 
1998, Recept. and Chann., 5:305-314). 
0012 Modulators, e.g., ligands, agonists and antagonists, 
for GPCRs are utilized for preventative and therapeutic 
purposes to treat various diseases, disorders and/or condi 
tions. The present invention has achieved the identification 
of a particular GPCR, newly linked by this invention to 
chronic obstructive pulmonary disease (COPD) and COPD 
related disorders and conditions. This COPD-related GPCR, 
as described herein and newly associated with COPD, 
provides a new target for drug discovery and treatments 
effective against COPD and disorders and conditions related 
thereto. In addition, modulators of this COPD-related GPCR 
have been newly found in accordance with the present 
invention and as described herein to affect transcriptional 
mediators and Signaling molecules, thereby providing new 
agents for treating not only COPD, but also other diseases 
and conditions affected by regulation of these transcriptional 
mediators, components of pathways related thereto and/or 
cell signaling components. 

0013 Chronic obstructive pulmonary disease (COPD), 
which encompasses both chronic bronchitis and emphy 
Sema, is one of the most common respiratory conditions of 
adults in the developed world. COPD poses an enormous 
burden to society both in terms of direct cost to healthcare 
Services and indirect costs to Society, primarily through loSS 
of productivity. In the Western world, COPD is the fourth 
most common cause of death and it claims the lives of over 
119,000 Americans annually. Approximately eighty to 
ninety percent of COPD patients have smoked and/or do 
Smoke cigarettes. 

0014) The definition of COPD that is recognized by both 
the American Thoracic Society and the European Respira 
tory Society is a disorder characterized by reduced maximal 
expiratory flow and Slow forced emptying of the lungs 
features that do not change markedly over Several months. 
This limitation in airflow is only minimally reversible with 
bronchodilators. The respiratory disease emphysema is 
defined pathologically as a condition in which there is 
permanent destructive enlargement of the air spaces distal to 
the terminal bronchioles without obvious fibrosis. Chronic 
bronchitis is defined clinically by the presence of chronic 
bronchial Secretions, enough to cause expectoration, occur 
ring on most days for a minimum of three months of the year 
for two consecutive years. The pathological basis of chronic 
bronchitis is mucus hyperSecretion Secondary to hypertro 
phy of the glandular elements of the bronchial mucosa. 
Patients with COPD have features of both conditions, 
although one of the conditions may be more prominent than 
the other. 
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0015 Chronic bronchitis only really became recognized 
as a distinct disease, rather than as a Set of Symptoms, in the 
late 1950's. The great British Smogs of the 1950's pre 
cipitated the deaths of many patients from respiratory fail 
ure. There is little doubt that at the present time, the most 
important risk factor in the development of COPD is smok 
ing of tobacco burning products, in particular, cigarette 
Smoking. Because approximately 80 to 90% of COPD cases 
are caused by Smoking, a Smoker is ten times more likely 
than a nonsmoker to die of COPD. According to the World 
Health Organization, 75% of deaths from COPD that occur 
in developed countries are directly related to Smoking 
tobacco. 

0016. The effects of smoke from tobacco burning prod 
ucts, Such as cigarette Smoke, on the lungs are manifold. 
Cigarette Smoke has been found to attract inflammatory cells 
into the lungs and Stimulates the release of the proteolytic 
enzyme elastase from these cells. Elastase, in turn, breaks 
down elastin, a normal Structural component of lung tissue. 
Normally, however, the lung is protected from the destruc 
tive effect of elastase by an inhibitor, alpha-1 antitrypsin 
(AAT). One effect of cigarette Smoke is to attract more cells 
and Stimulate the release of more elastase. The development 
of COPD, and in particular emphysema, is thought to be due, 
in part, to the imbalance between the destructive elastase and 
the protective AAT. 

0017 Not all people who smoke develop COPD; and not 
all patients with COPD are Smokers, or have Smoked in the 
past (although 85%- to 90% of COPD patients have smoked 
or are Smoking). There seems to be a varying Susceptibility 
to lung damage due to cigarette Smoke within the general 
population. Only a proportion of Smokers (maybe only 
10-15%) or former Smokers show a rate of decline of lung 
function over the years that is fast enough to result in the 
Severe impairment that is typical of patients who present 
with breathlessness due to COPD. Unfortunately, these types 
of former SmokerS do not improve after they stop Smoking. 
By the time these Subjects are Symptomatic with breathleSS 
neSS, they will have already had severe impairment of lung 
function. Cessation of Smoking at this stage may extend their 
life expectancy, but may not improve their Symptoms. 

0018) Another well established risk factor for COPD is a 
deficiency of the protective protease inhibitor, alpha-1 antit 
rypsin (AAT), which is produced in the liver. The risk factor 
relates to an inherited autosomal recessive (designated 
PiZZ) disorder which is fairly rare in the general gene pool. 
The incidence of homozygous births is about 1 in 3000 live 
births. AS Such, AAT deficiency accounts for probably leSS 
than 5% of all cases of COPD. The onset of AAT deficiency 
emphysema generally occurs between the ages of 20 to 40 
years and is characterized by shortneSS of breath and 
decreased exercise capacity. Blood Screening is used if the 
trait is Suspected and can determine if a perSon is a carrier, 
or is AAT-deficient. If children are diagnosed as being 
AAT-deficient through blood Screening, they may undergo a 
liver transplant. 

0019. Low levels of AAT allow the uninhibited action of 
elastase on the lung parenchyma, thereby giving rise to 
destruction of the alveoli and the eventual development of 
emphysema rather than chronic bronchitis. The pattern of 
emphysema in AAT deficiency differs slightly from that of 
Smoking-induced pure emphysema in that AAT deficiency 
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produces panlobular emphysema affecting predominantly 
the lower lung fields, while Smoking-induced emphysema is 
usually centrilobular affecting the upper lung fields initially. 
0020. The quality of life for a person Suffering from 
COPD diminishes as the disease progresses. People with 
COPD may eventually require Supplemental oxygen and 
may have to rely on mechanical respiratory assistance. A 
recent American Lung ASSociation Survey revealed that 
about half of all COPD patients (i.e., 51%) indicate that their 
condition limits their ability to work. It also limits them in 
normal physical exertion (70%), household chores (56%), 
social activities (53%), sleeping (50%), and family activities 
(46%). 
0021 None of the existing medications for COPD have 
been shown to modify the long-term decline in lung function 
that is the hallmark of this disease. Therefore, pharmaco 
therapy for COPD is used to decrease symptoms and/or 
complications. Bronchodilator medications are central to the 
symptomatic management of COPD. Additional treatment 
includes antibodies, oxygen therapy, and Systemic glucocor 
ticosteroids. The efficacy of inhaled glucocorticosteroids is 
currently under Study. Chronic treatment with Steroids is 
avoided because of an unfavorable benefit-to-risk ratio. 
Lung transplantation is being performed in increasing num 
bers and may be an option for people who Suffer from Severe 
emphysema. In addition, lung Volume reduction Surgery has 
shown promise and is being performed with increasing 
frequency. However, a recent Study found that emphysema 
patients who have Severe lung obstruction with either lim 
ited ability to exchange gas when breathing, or damage that 
is evenly distributed throughout their lungs, are at high risk 
of death from the foregoing procedures. Treatments for AAT 
deficiency emphysema, including AAT replacement therapy 
and gene therapy, are currently being evaluated. 
0022. Because of the magnitude of the health and health 
care problems that correlate with COPD and COPD related 
conditions and disorders, both at the level of the patient and 
the patient's care by the medical community, it is clear that 
new drug target molecules, as well as alternative drugs and 
treatments, are Sorely needed to combat and counteract this 
disease. AS discussed above, the present therapies are Some 
times only palliative, and do not satisfactorily treat, reduce, 
ameliorate, or eliminate all of the debilitating effects of 
COPD. 

0023. In addition, as described herein, it is newly recog 
nized that the prevalent use of tobacco burning materials and 
Substances, Such as cigarettes and cigars, generates Smoke 
related cellular products, e.g., proteins and peptides, which 
are major causative factors for COPD. Therefore, identify 
ing the proteins, Signal transduction pathways and compo 
nents thereof that are activated and/or modified when cells 
are exposed to Smoke from tobacco burning products can be 
key to identifying new drug targets for the treatment of 
COPD. The present invention newly provides previously 
unrecognized Sources and targets for new anti-COPD drugs 
and compounds useful in profoundly needed treatments and 
therapies for COPD and COPD related diseases, which can 
benefit vast numbers of COPD patients and Sufferers. 
0024. In their diverse cellular roles, GPCRs can also be 
involved in cell Suicide, or programmed cell death, during 
the lifetime of a multicellular organism. Programmed cell 
death or apoptosis occurs during a number of events in the 
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organism's life cycle, Such as for example, in the develop 
ment of an embryo, during the course of an immunological 
response, or in the demise of cancerous cells after drug 
treatment, among others. The final outcome of cell Survival 
Versus apoptosis is dependent on the balance of two coun 
teracting events, namely, the onset and Speed of caspase 
cascade activation (essentially a protease chain reaction), 
and the delivery of anti-apoptotic factors which block the 
caspase activity (B. B. Aggarwal, 2000, Biochem. Pharma 
col., 60:1033-1039; N. A. Thornberry and Y. LaZebnik, 
1998, Science, 281:1312-1316). 
0025 The production of anti-apoptotic proteins is con 
trolled by the transcriptional factor complex NF-kB. For 
example, exposure of cells to the protein tumor necrosis 
factor (TNF) can signal both cell death and Survival, an 
event playing a major role in the regulation of immunologi 
cal and inflammatory responses (S. Ghosh et al., 1998, Annu. 
Rev. Immunol., 16:225-260; N. Silverman and T. Maniatis, 
2001, Genes and Dev, 15:2321-2342; and V. Baud and M. 
Karin, 2001, Trends Cell Biol., 11:372-377). The anti 
apoptotic activity of NF-KB is also crucial to oncogenesis 
and to chemo- and radio-resistance in cancer (A. S. Baldwin, 
2001, J. Clin. Invest., 107:241-246). 
0026. Nuclear Factor-KB (NF-kB), is composed of 
dimeric complexes of p50 (NF-kB1) or p52 (NF-kB2) that 
are usually associated with members of the Rel family (p65, 
c-Rel, Rel B) which have potent transactivation domains. 
Different combinations of NF-kB/Rel proteins bind to dis 
tinct KB Sites to regulate the transcription of different genes. 
Early work involving NF-KB Suggested that its expression 
was limited to Specific cell types, particularly in Stimulating 
the transcription of genes encoding kappa immunoglobulins 
in B lymphocytes. However, it has been discovered that 
NF-KB is, in fact, present and inducible in many, if not all, 
cell types and that it acts as an intracellular messenger 
capable of playing a broad role in gene regulation as a 
mediator of inducible Signal transduction. Specifically, it has 
been demonstrated that NF-kB plays a central role in the 
regulation of intercellular Signals in many cell types. For 
example, NF-kB has been shown to positively regulate the 
human beta-interferon (beta-IFN) gene in many, if not all, 
cell types. Moreover, NF-kB has also been shown to serve 
the important function of acting as an intracellular trans 
ducer of external influences. 

0027. The transcription factor NF-kB is sequestered in an 
inactive form in the cytoplasm as a complex with its 
inhibitor, IKB; the most prominent member of the class of 
IKB inhibitors is IKBO. A number of factors are known to 
serve the role of stimulators of NF-kB activity, such as, for 
example, tumor necrosis factor (TNF). After TNF exposure, 
the inhibitor is phosphorylated and proteolytically removed, 
thus releasing NF-KB into the nucleus and allowing its 
transcriptional activity. Numerous genes are up-regulated by 
this transcription factor, among them IKBC. The newly 
synthesized IKBO. protein inhibits NF-kB, effectively shut 
ting down further transcriptional activation of its down 
Stream effectors. 

0028. However, as mentioned above, the IKBC. protein 
may only inhibit NF-KB in the absence of IKBO. Stimuli, such 
as TNF stimulation, for example. Other agents that are 
known to stimulate NF-kB release, and thus NF-kB activity, 
are bacterial lipopolysaccharide, extracellular polypeptides, 
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chemical agents, Such as phorbol esters, which Stimulate 
intracellular phosphokinases, inflammatory cytokines, IL-1, 
oxidative and fluid mechanical Stresses, and Ionizing Radia 
tion (S. Basu et al., 1998, Biochem. BiophyS. Res. Commun., 
247(1):79-83). Therefore, as a general rule, the stronger the 
insulting Stimulus, the Stronger the resulting NF-KB activa 
tion, and the higher the level of IKBO. transcription. AS a 
consequence, measuring the level of IKBC, RNA can be used 
as a marker for anti-apoptotic events, and indirectly, for the 
onset and Strength of pro-apoptotic events. 

SUMMARY OF THE INVENTION 

0029. The present invention relates to the identification of 
proteins and their component peptides that are activated 
when cells are exposed to Smoke from tobacco burning 
products, particularly, cigarette Smoke. Since cigarette 
Smoke is the major causative factor for COPD, this invention 
has provided an innovative means of newly identifying 
proteins, Signal transduction pathways and components 
thereof that are activated and/or modified when cells are 
exposed to cigarette Smoke (or Smoke resulting from the 
burning of other tobacco-containing Substances). According 
to the present invention, the identification of Such proteins, 
pathways and pathway components is a critical advancement 
to discovering and identifying new drug targets for the 
treatment of COPD and COPD related diseases, disorders 
and conditions, as newly described herein. Further, the 
identification of Such proteins and the proteins with which 
they interact or regulate allows for the detection and dis 
covery of modulators, e.g., agonists and/or antagonists, of 
protein targets that can have therapeutic efficacy in the 
treatment of a variety of diseases and disorders that are 
asSociated with downstream Signaling and messenger events 
that are affected by target protein modulation. 
0.030. In accordance with this invention, proteomics 
methods were utilized to isolate cigarette Smoke-inducible 
tyrosine phosphorylated proteins (activation complexes) 
from airway epithelial cells. By means of this technique, the 
RAI-3 protein, a member of the G-protein coupled receptor 
Superfamily, has been newly identified as being tyrosine 
phosphorylated, and/or as being associated/complexed with 
tyrosine phosphorylated proteins, only in those cells that had 
been exposed to cigarette Smoke. AS described herein, 
cellular peptides were identified and characterized using 
proteomics methodologies to allow the first determination 
that RAI-3 protein activation and/or modification results 
from Smoke exposure to cells. According to this invention 
and the findings related thereto, RAI-3 can Serve as a drug 
target for COPD and COPD related diseases and conditions. 
In addition, RAI-3 can be utilized as described herein to 
identify and/or Screen for modulators, e.g., agonists or 
antagonists, for use in methods and compositions for the 
prevention and treatment of COPD. It is to be understood 
that throughout this disclosure, the present invention relates 
to methods and compositions Suitable for the prevention, 
treatment and therapeutic intervention of COPD as well as 
COPD related diseases, disorders and conditions. The RAI-3 
protein is also provided as a target for drug development in 
the field of oncology to treat a variety of cancers, tumors and 
malignancies. 

0031. It is an aspect of this invention to provide novel 
peptides and polypeptides which are modified in, e.g., by 
phosphorylation, and isolated from, cells exposed to Smoke 
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resulting from the burning of tobacco containing Substances, 
namely cigarettes. More specifically, the GPCR protein 
RAI-3 has been newly identified as being associated with 
cellular responses to exposure to cigarette Smoke. Thus, the 
RAI-3 protein and its peptides can Serve as drug targets for 
the prevention and treatment of COPD. 

0032. It is another aspect of the present invention to 
provide modulators of the RAI-3 protein and RAI-3 peptide 
targets which can affect the function or activity of RAI-3 in 
a cell in which RAI-3 function or activity is to be modulated 
or affected. In addition, modulators of RAI-3 can affect 
downstream Systems and molecules that are regulated by, or 
which interact with, RAI-3 in the cell. Modulators of RAI-3 
include compounds, antibodies, antisense reagents, siRNA 
reagents, materials, agents, drugs, and the like, that antago 
nize, inhibit, reduce, block, SuppreSS, diminish, decrease, or 
eliminate RAI-3 function and/or activity. Such compounds, 
antibodies, antisense reagents, siRNA reagents, materials, 
agents, drugs and the like can be collectively termed 
“antagonists”. Alternatively, modulators of RAI-3 include 
compounds, antibodies, antisense reagents, siRNA reagents, 
materials, agents, drugs, and the like, that agonize, enhance, 
increase, augment, or amplify RAI-3 function in a cell. Such 
compounds, antibodies, antisense reagents, siRNA reagents, 
materials, agents, drugs and the like can be collectively 
termed "agonists”. 

0033 Antagonists and agonists of the present invention 
include, for example, Small molecules, large molecules, and 
antibodies directed against the RAI-3 protein or peptides 
thereof. Antagonists and agonists of the invention also 
include nucleotide Sequences, Such as antisense, siRNA 
reagents, and ribozyme molecules, and gene or regulatory 
Sequence replacement constructs, that can be used to inhibit 
or enhance expression of the RAI-3 nucleic acid molecule, 
or oligomeric portions thereof, Such as peptide encoding 
nucleic acid fragments. 

0034). Yet another aspect of this invention provides meth 
ods and compositions, including pharmaceutical composi 
tions, for the treatment and/or prevention of COPD, or 
COPD related disorders and conditions. The compositions 
can comprise modulators of the RAI-3 protein, or peptides 
thereof. The modulators can be antagonists or agonists. 
Pharmaceutical compositions preferably comprising a phar 
maceutically and/or physiologically acceptable diluent, 
excipient, or carrier (vehicle) are provided. The modulators 
can be employed alone, or in combination with other Stan 
dard treatment regimens for lung-related diseases and/or 
conditions, e.g., emphysema. Such methods and composi 
tions are capable of modulating the level of RAI-3 gene 
expression and/or the level of activity of the RAI-3 gene 
product or polypeptide. The methods include, for example, 
modulating the expression of the RAI-3 gene and/or the 
activity of the RAI-3 gene product, or modulating the 
expression of a gene or gene product that is regulated or 
controlled by RAI-3, effective for the treatment of COPD. 
0035) It is another aspect of the invention to provide 
Screening methods for the identification of compounds, 
materials, Substances, drugs, and agents that modulate the 
expression of the RAI-3 nucleic acid and/or the activity of 
the RAI-3 polypeptide. Such methods include, without limi 
tation, assays that measure the effects of a test compound or 
agent on RAI-3 mRNA and/or gene product levels, assays 
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that measure levels of RAI-3 activity or function; and assays 
that measure the levels or activities of molecules and/or 
Systems that are regulated or mediated by RAI-3, or modu 
lators of RAI-3, Such as NF-kB and/or IKB, or E-selectin, for 
example. 

0036. It is another aspect of the present invention to 
provide the RAI-3 GPCR protein as a component of a cell 
Signaling pathway in which it is involved in apoptotic 
events. Accordingly, downstream cellular events can be 
regulated via the activity of the RAI-3 protein using RAI-3 
modulators, e.g., antagonists or agonists, Such as antisense 
polynucleotides, polypeptides or low molecular weight 
chemicals to achieve a therapeutic effect in cancer, (e.g., 
lung cancer, breast cancer, Stomach cancer, testicular can 
cer), autoimmune diseases, immunological disorders, renal 
diseases, ischemia-reperfusion injury, asthma, pulmonary 
fibrosis, cystic fibrosis and heart failure. 
0037. It is another aspect of this invention to provide 
RAI-3 polynucleotides and polypeptides, and fragments 
thereof, for treating, diagnosing, and/or ameliorating prolif 
erative disorders, cancers, ischemia-reperfusion injury, heart 
failure, immunocompromised conditions, HIV infection, 
and renal diseases. According to the invention, RAI-3 poly 
nucleotides and polypeptides, and fragments thereof, are 
useful for increasing NF-KB activity, increasing apoptotic 
events, and/or decreasing IKBC. expression or activity levels. 
0.038. It is another aspect of the present invention to 
provide antagonists directed against RAI-3 for treating, 
diagnosing, and/or ameliorating disorders, diseases and/or 
conditions including autoimmune disorders, disorders 
related to hyperimmune activity, inflammatory conditions, 
disorders related to aberrant acute phase responses, hyper 
congenital conditions, birth defects, necrotic lesions, 
wounds, organ transplant rejection, conditions related to 
organ transplant rejection, disorders related to aberrant Sig 
nal transduction, proliferation disorders, cancers, e.g., lung 
cancer, breast cancer, Stomach cancer, testicular cancer, etc., 
HIV infection, and HIV propagation in cells infected with 
other viruses. According to the present invention, antago 
nists directed against RAI-3 are useful for decreasing NF-kB 
activity, decreasing apoptotic events, and/or increasing IKbC. 
expression or activity levels. 

0039. In a further aspect of the present invention, ago 
nists directed against RAI-3 are provided for treating, diag 
nosing, and/or ameliorating autoimmune disorders, disor 
derS related to hyperimmune activity, hypercongenital 
conditions, birth defects, necrotic lesions, wounds, disorders 
related to aberrant Signal transduction, immunocompro 
mised conditions, HIV infection, proliferation disorders, 
and/or numerous types of cancers. According to the inven 
tion, agonists directed against RAI-3 are useful for increas 
ing NF-KB activity, increasing apoptotic events, and/or 
decreasing IKBC. expression or activity levels. 

0040. It is another aspect of this invention to provide 
RAI-3 polynucleotides and polypeptides, fragments thereof, 
and modulators thereof, for treating, diagnosing, and/or 
ameliorating ulcerative colitis, cerebral infarct, myocardial 
infarct, diabetic nephropathy, allergic rhinitis, Crohn's dis 
ease, atherosclerosis and rheumatoid arthritis. 

0041. It is another aspect of this invention to provide 
RAI-3 polynucleotides and polypeptides, fragments thereof, 
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and modulators thereof, for treating, diagnosing, and/or 
ameliorating inflammatory/auto-immune disorders outside 
of the lung in addition to COPD. 
0042. It is another aspect of this invention to provide 
RAI-3 polynucleotides and polypeptides, fragments thereof, 
and modulators thereof, for treating, diagnosing, and/or 
ameliorating glioblastoma, pulmonary Small cell undiffer 
entiated carcinoma, carcinoma of the breast, colon, lung, 
ovary, pancreas, and prostate, and non-Hodgkin’s lym 
phoma. 
0043. It is another aspect of this invention to provide 
RAI-3 polynucleotides and polypeptides, fragments thereof, 
and modulators thereof, for treating, diagnosing, and/or 
ameliorating pulmonary diseases and disorders which 
include the following, not limiting examples: ARDS, 
emphysema, cystic fibrosis, interstitial lung disease, chronic 
obstructive pulmonary disease, bronchitis, lymphangiolei 
omyomatosis, pneumonitis, eosinophilic pneumonias, 
granulomatosis, pulmonary infarction, pulmonary fibrosis, 
pneumoconiosis, alveolar hemorrhage, neoplasms, lung 
abscesses, empyema, and increased Susceptibility to lung 
infections (e.g., immumocompromised, HIV, etc.), for 
example. 
0044) It is another aspect of this invention to provide 
RAI-3 polynucleotides and polypeptides, fragments thereof, 
and modulators thereof, for treating, diagnosing, and/or 
ameliorating pulmonary infections: pnemonia, bacterial 
pnemonia, Viral pnemonia (for example, as caused by Influ 
enza virus, Respiratory Syncytial virus, Parainfluenza virus, 
Adenovirus, Coxsackievirus, Cytomegalovirus, Herpes Sim 
plex virus, Hantavirus, etc.), mycobacteria pnemonia (for 
example, as caused by Mycobacterium tuberculosis, etc.) 
mycoplasma pnemonia, fungal pnemonia (for example, as 
caused by Pneumocystis carinii, Histoplasma capsulatum, 
Coccidioides immitis, Blastomyces dermatitidis, Candida 
sp., CryptococcuS neoformans, Aspergillus sp., Zygo 
mycetes, etc.), Legionnaires Disease, Chlamydia pnemo 
nia, aspiration pnemonia, Nocordia Sp. Infections, parasitic 
pnemonia (for example, as caused by Strongyloides, Toxo 
plasma gondii, etc.) necrotizing pnemonia, in addition to 
any other pulmonary disease and/or disorder (e.g., non 
pneumonia) implicated by the causative agents listed above 
or elsewhere herein. 

0045. In another of its aspects, the present invention 
encompasses vectors or vector constructs, including expres 
Sion vectors and cloning vectors, that contain the RAI-3 
nucleic acid Sequence, or peptide encoding portions of the 
RAI-3 nucleic acid sequence, or RAI-3 variants, for the 
expression of the RAI-3 nucleic acid molecule(s) in host 
organisms. The present invention also relates to host cells 
molecularly/genetically engineered to contain and/or 
express RAI-3 nucleic acid molecules. Such host cells which 
express RAI-3 polypeptides or peptides can be employed in 
Screening assays as described herein, for example, to iden 
tify RAI-3 modulating compounds, and/or to assess the 
effect(s) of a variety of cell treatments and compounds on 
RAI-3 function or biological activity, which can include 
Structural, biochemical, physiological, or biochemical func 
tions in a cell. Further, host organisms that have been 
transformed with these nucleic acid molecules are also 
encompassed in the present invention, e.g., transgenic ani 
mals, particularly transgenic non-human animals, and par 
ticularly transgenic non-human mammals. 
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0046. In another aspect of the present invention, methods 
are provided for regulating Second messenger pathways and 
molecules therein by modulating RAI-3 function and/or 
activity. More particularly, the present invention affords the 
ability to regulate, modulate, or affect the activity of the 
NF-KB pathway and components thereof, e.g., IKB, by 
modulating, particularly by antagonizing, the function and/ 
or activity of RAI-3. RAI-3 modulation can result in treat 
ments for COPD, as well as for other diseases and disorders 
that are mediated by NF-kB and/or other molecules related 
thereto. Accordingly, the present invention further provides 
methods of treating diseases that are caused by, or are 
asSociated with, the NF-KB pathway and/or its components, 
preferably in which antagonist modulators of RAI-3 are 
employed to Suppress, inhibit, or reduce the activity of the 
NF-Kb pathway and/or its component molecules. 

0047. It is yet another aspect of the present invention to 
provide antisense nucleic acid molecules, and/or siRNA 
nucleic acid molecules, that specifically antagonize RAI-3 
nucleic acid, e.g., by binding to mRNA of RAI-3, or RAI-3 
peptides. AntiSense molecules refer to nucleotide Sequences, 
e.g., oligomers, and compositions containing nucleic acid 
Sequences that are complementary to a specific DNA or 
RNA sequence, such as RAI-3 DNA or RNA sequences. In 
the case of siRNA, the specific DNA or RNA is preferably 
double stranded. Whether an antisense or siRNA molecule, 
the nucleic acid may be either a DNA, RNA, or DNA/RNA 
hybrid. The term “antisense strand” is used in reference to a 
nucleic acid Strand that is complementary to the "sense' 
Strand. Antisense (i.e., complementary) nucleic acid mol 
ecules include peptide nucleic acids (“PNAS), as discussed 
below, and may be produced by any method, including 
Synthesis or transcription. Once introduced into a cell, the 
complementary nucleotides combine with natural Sequences 
produced by the cell to form duplexes, which block either 
transcription or translation of the RAI-3 mRNA or protein, 
respectively. The designation “negative' is Sometimes used 
in reference to the antisense Strand, and “positive' is Some 
times used in reference to the Sense Strand. 

0.048 PNAS are antisense molecules or anti-gene agents 
which comprise an oligonucleotide ("oligo') linked via an 
amide bond, Similar to the peptide backbone of amino acid 
residues. PNAS typically comprise oligos of at least 5 
nucleotides linked via amide bonds. PNAS may or may not 
terminate in positively charged amino acid residues to 
enhance binding affinities to DNA. Such amino acids 
include, for example, lysine and arginine, among others. 
These Small molecules Stop transcript elongation by binding 
to their complementary strand of nucleic acid (P. E. Nielsen 
et al., 1993, Anticancer Drug Des., 8:53-63). PNA may be 
pegylated to extend their life spans in the cell where they 
preferentially bind to complementary single stranded DNA 
and RNA. 

0049. An additional aspect of this invention pertains to 
the use of RAI-3 sequences and antibodies directed against 
the produced protein and peptides for diagnostic assessment 
of COPD, COPD-related disease states, or Susceptibility to 
COPD and related disorders. 

0050 Another aspect of the present invention relates to a 
method of diagnosing, ameliorating, treating, reducing, 
eliminating, or preventing a disease, disorder, and/or con 
dition affected by modulation of the G-protein coupled 
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receptor protein RAI-3 in cells that express RAI-3, which 
involves providing a modulator, e.g., an agonist or antago 
nist, of RAI-3 in an amount effective to affect the function 
or activity of RAI-3, and/or to effect the function or activity 
of cellular molecules that are associated or correlated with 
modulated RAI-3 activity or function. In accordance with 
the present invention, the modulation of RAI-3 activity 
and/or function can occur in cells Stimulated by a variety of 
Stimuli, including cytokines, factors and chemokines, Such 
as TNF-alpha, EGF, LPS, eotaxin, RANTES, Smoke from 
tobacco burning materials. Such as cigarettes, and the like. In 
addition, the modulation of RAI-3 activity and/or function 
can occur as a result of cell exposure, interaction, or asso 
ciation with other molecules, Such as, for example, cell 
adhesion molecules like I-CAM and E-selectin. Preferably, 
the cell Stimulation, exposure, or interaction is associated 
with NF-kB activation. Examples of diseases, disorders, 
and/or conditions that can be diagnosed, ameliorated, 
treated, reduced, eliminated, or prevented by the methods of 
this invention, in which RAI-3 is modulated, include without 
limitation, COPD, the underlying symptoms of COPD, 
COPD-related disorders and/or conditions, autoimmune dis 
orders, disorders related to hyperimmune activity, inflam 
matory conditions, disorders related to aberrant acute phase 
responses, hypercongenital conditions, birth defects, 
necrotic lesions, wounds, organ transplant rejection, condi 
tions related to organ transplant rejection, renal diseases, 
ischemia-reperfusion injury, heart disorders, disorders 
related to aberrant signal transduction, proliferation disor 
ders, numerous types of cancers, Such as lung cancer, 
Stomach cancer, breast cancer, testicular cancer, etc., 
metastases, HIV infection, or HIV propagation in cells 
infected with other viruses, asthma, cystic fibrosis and 
pulmonary fibrosis. 
0051 Yet another aspect of the present invention pro 
vides a method for predicting the likelihood that an indi 
vidual will be diagnosed as being at risk of developing 
COPD, a COPD-like disorder, or one or more of the under 
lying Symptoms of COPD, upon exposure to cigarette 
Smoke. The method comprises the steps of (a) obtaining a 
nucleic acid sample(s) from am individual to be assessed; 
and (b) determining the nucleotide present at one or more 
polymorphic position(s) of a gene of SEQID NO:2, wherein 
the one or more polymorphic position(s) is preferably 
Selected from one or more of nucleotide positions 112,364, 
511, 523, 605, 797, 1111, or 1173 of SEQ ID NO:2 (see 
Tables 1 and 3 herein), and further wherein the presence of 
the alternative nucleotide at the one or more polymorphic 
position(s) as provided in Tables 1 and 3 indicates that the 
individual has a higher likelihood of being diagnosed as 
being at risk of developing COPD or a COPD-like disorder, 
or one or more of the underlying symptoms of COPD, 
compared to an individual having a reference allele at Said 
polymorphic position(s). 
0052. In another of its aspects, the present invention 
relates to a method for predicting the likelihood that an 
individual will be diagnosed as being at risk of developing 
COPD, a COPD-like disorder, or one or more of the under 
lying Symptoms of COPD upon exposure to cigarette Smoke. 
The method comprises the steps of (a) obtaining a nucleic 
acid Sample(s) from am individual to be assessed; and (b) 
determining the nucleotide present at one or more polymor 
phic position(s) of a gene of SEQID NO:2, wherein the one 
or more polymorphic position(s) is preferably selected from 
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one or more of nucleotide positions 112,364, 511, 523, 605, 
797, 1111, or 1173 of SEQ ID NO:2 (see Tables 1 and 3 
herein), and further wherein the presence of the alternative 
nucleotide at the one or more polymorphic position(s) as 
provided in Tables 1 and 3 indicates that the individual has 
a higher likelihood of being diagnosed as at risk of devel 
oping COPD, a COPD-like disorder, or one or more of the 
underlying Symptoms of COPD, as compared to an indi 
vidual having an alternate allele at the polymorphic posi 
tion(s). 
0053. The invention further relates to a method of screen 
ing for candidate compounds capable of modulating the 
activity of a G-protein coupled receptor polypeptide, com 
prising: (i) contacting a test compound with a cell or tissue 
comprising an expression vector capable of expressing a 
polypeptide comprising an amino acid Sequence as Set forth 
in SEQ ID NO:3, or encoded by ATCC deposit RAI-3, under 
conditions in which said polypeptide is expressed; and (ii) 
Selecting as candidate modulating compounds those test 
compounds that modulate activity of the G-protein coupled 
receptor polypeptide. 

0.054 The invention further relates to a method of screen 
ing for candidate compounds capable of modulating the 
activity of a G-protein coupled receptor polypeptide, com 
prising: (i) contacting a test compound with a cell or tissue 
comprising an expression vector capable of expressing a 
polypeptide comprising an amino acid Sequence as Set forth 
in SEQID NO:3, or encoded by ATCC deposit RAI-3, under 
conditions in which said polypeptide is expressed; and (ii) 
Selecting as candidate modulating compounds those test 
compounds that modulate activity of the G-protein coupled 
receptor polypeptide, wherein Said cells are CHO cells. 

0.055 The invention further relates to a method of screen 
ing for candidate compounds capable of modulating the 
activity of a G-protein coupled receptor polypeptide, com 
prising: (i) contacting a test compound with a cell or tissue 
comprising an expression vector capable of expressing a 
polypeptide comprising an amino acid Sequence as Set forth 
in SEQ ID NO:3, or encoded by ATCC deposit RAI-3, under 
conditions in which said polypeptide is expressed; and (ii) 
Selecting as candidate modulating compounds those test 
compounds that modulate activity of the G-protein coupled 
receptor polypeptide, wherein Said cells are CHO cells that 
comprise a vector comprising the coding Sequence of the 
beta lactamase gene under the control of NFAT response 
elements. 

0056. The invention further relates to a method of screen 
ing for candidate compounds capable of modulating the 
activity of a G-protein coupled receptor polypeptide, com 
prising: (i) contacting a test compound with a cell or tissue 
comprising an expression vector capable of expressing a 
polypeptide comprising an amino acid Sequence as Set forth 
in SEQ ID NO:3, or encoded by ATCC deposit RAI-3, under 
conditions in which said polypeptide is expressed; and (ii) 
Selecting as candidate modulating compounds those test 
compounds that modulate activity of the G-protein coupled 
receptor polypeptide, wherein Said cells are CHO cells that 
comprise a vector comprising the coding Sequence of the 
beta lactamase gene under the control of NFAT response 
elements, wherein Said cells further comprise a vector com 
prising the coding Sequence of Galpha 15 under conditions 
wherein G alpha 15 is expressed. 
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0057 The invention further relates to a method of screen 
ing for candidate compounds capable of modulating the 
activity of a G-protein coupled receptor polypeptide, com 
prising: (i) contacting a test compound with a cell or tissue 
comprising an expression vector capable of expressing a 
polypeptide comprising an amino acid Sequence as Set forth 
in SEQ ID NO:3, or encoded by ATCC deposit RAI-3, under 
conditions in which said polypeptide is expressed; and (ii) 
Selecting as candidate modulating compounds those test 
compounds that modulate activity of the G-protein coupled 
receptor polypeptide, wherein Said cells are CHO cells that 
comprise a vector comprising the coding Sequence of the 
beta lactamase gene under the control of CRE response 
elements. 

0058. The invention further relates to a method of screen 
ing for candidate compounds capable of modulating the 
activity of a G-protein coupled receptor polypeptide, com 
prising: (i) contacting a test compound with a cell or tissue 
comprising an expression vector capable of expressing a 
polypeptide comprising an amino acid Sequence as Set forth 
in SEQ ID NO:3, or encoded by ATCC deposit RAI-3, under 
conditions in which said polypeptide is expressed; and (ii) 
Selecting as candidate modulating compounds those test 
compounds that modulate activity of the G-protein coupled 
receptor polypeptide, wherein Said cells are HEK cells. 

0059. The invention further relates to a method of screen 
ing for candidate compounds capable of modulating the 
activity of a G-protein coupled receptor polypeptide, com 
prising: (i) contacting a test compound with a cell or tissue 
comprising an expression vector capable of expressing a 
polypeptide comprising an amino acid Sequence as Set forth 
in SEQ ID NO:3, or encoded by ATCC deposit RAI-3, under 
conditions in which said polypeptide is expressed; and (ii) 
Selecting as candidate modulating compounds those test 
compounds that modulate activity of the G-protein coupled 
receptor polypeptide, wherein Said cells are HEK cells 
wherein Said cells comprise a vector comprising the coding 
Sequence of the beta lactamase gene under the control of 
CRE response elements. 

0060. The invention further relates to a method of screen 
ing for candidate compounds capable of modulating the 
activity of a G-protein coupled receptor polypeptide, com 
prising: (i) contacting a test compound with a cell or tissue 
comprising an expression vector capable of expressing a 
polypeptide comprising an amino acid Sequence as Set forth 
in SEQ ID NO:3, or encoded by ATCC deposit RAI-3, under 
conditions in which said polypeptide is expressed; and (ii) 
Selecting as candidate modulating compounds those test 
compounds that modulate activity of the G-protein coupled 
receptor polypeptide, wherein Said cells are CHO cells that 
comprise a vector comprising the coding Sequence of the 
beta lactamase gene under the control of NFAT response 
elements, wherein Said cells further comprise a vector com 
prising the coding Sequence of Galpha 15 under conditions 
wherein G alpha 15 is expressed, and futher wherein Said 
cells express the polypeptide at either low, moderate, or high 
levels. 

0061 The invention further relates to a method of screen 
ing for candidate compounds capable of modulating the 
activity of a G-protein coupled receptor polypeptide, com 
prising: (i) contacting a test compound with a cell or tissue 
comprising an expression vector capable of expressing a 



US 2004/O121362 A1 

polypeptide comprising an amino acid Sequence as Set forth 
in SEQ ID NO:3, or encoded by ATCC deposit RAI-3, under 
conditions in which said polypeptide is expressed; and (ii) 
Selecting as candidate modulating compounds those test 
compounds that modulate activity of the G-protein coupled 
receptor polypeptide, wherein Said cells are CHO cells that 
comprise a vector comprising the coding Sequence of the 
beta lactamase gene under the control of NFAT response 
elements, wherein Said cells further comprise a vector com 
prising the coding Sequence of Galpha 15 under conditions 
wherein G alpha 15 is expressed, wherein Said candidate 
compound is a Small molecule, a peptide, or an antisense 
molecule. 

0062) The invention further relates to a method of screen 
ing for candidate compounds capable of modulating the 
activity of a G-protein coupled receptor polypeptide, com 
prising: (i) contacting a test compound with a cell or tissue 
comprising an expression vector capable of expressing a 
polypeptide comprising an amino acid Sequence as Set forth 
in SEQ ID NO:3, or encoded by ATCC deposit RAI-3, under 
conditions in which said polypeptide is expressed; and (ii) 
Selecting as candidate modulating compounds those test 
compounds that modulate activity of the G-protein coupled 
receptor polypeptide, wherein Said cells are CHO cells that 
comprise a vector comprising the coding Sequence of the 
beta lactamase gene under the control of NFAT response 
elements, wherein Said cells further comprise a vector com 
prising the coding Sequence of Galpha 15 under conditions 
wherein G alpha 15 is expressed, wherein Said candidate 
compound is a Small molecule, a peptide, or an antisense 
molecule, wherein Said candidate compound is an agonist or 
antagonist. 

0.063. The invention further relates to a method of screen 
ing for candidate compounds capable of modulating the 
activity of a G-protein coupled receptor polypeptide, com 
prising: (i) contacting a test compound with a cell or tissue 
comprising an expression vector capable of expressing a 
polypeptide comprising an amino acid Sequence as Set forth 
in SEQ ID NO:3, or encoded by ATCC deposit RAI-3, under 
conditions in which said polypeptide is expressed; and (ii) 
Selecting as candidate modulating compounds those test 
compounds that modulate activity of the G-protein coupled 
receptor polypeptide, wherein Said cells are HEK cells 
wherein Said cells comprise a vector comprising the coding 
Sequence of the beta lactamase gene under the control of 
CRE response elements, wherein Said candidate compound 
is a Small molecule, a peptide, or an antisense molecule. 

0064. The invention further relates to a method of screen 
ing for candidate compounds capable of modulating the 
activity of a G-protein coupled receptor polypeptide, com 
prising: (i) contacting a test compound with a cell or tissue 
comprising an expression vector capable of expressing a 
polypeptide comprising an amino acid Sequence as Set forth 
in SEQ ID NO:3, or encoded by ATCC deposit RAI-3, under 
conditions in which said polypeptide is expressed; and (ii) 
Selecting as candidate modulating compounds those test 
compounds that modulate activity of the G-protein coupled 
receptor polypeptide, wherein Said cells are HEK cells 
wherein Said cells comprise a vector comprising the coding 
Sequence of the beta lactamase gene under the control of 
CRE response elements, wherein Said candidate compound 
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is a Small molecule, a peptide, or an antisense molecule, 
wherein Said candidate compound is an agonist or antago 
nist. 

0065. The invention further relates to a method of screen 
ing for candidate compounds capable of modulating the 
activity of a G-protein coupled receptor polypeptide, com 
prising: (i) contacting a test compound with a cell or tissue 
comprising an expression vector capable of expressing a 
polypeptide comprising an amino acid Sequence as Set forth 
in SEQ ID NO:3, or encoded by ATCC deposit RAI-3, under 
conditions in which said polypeptide is expressed; and (ii) 
Selecting as candidate modulating compounds those test 
compounds that modulate activity of the G-protein coupled 
receptor polypeptide, wherein Said cells are CHO cells that 
comprise a vector comprising the coding Sequence of the 
beta lactamase gene under the control of NFAT response 
elements, wherein Said cells further comprise a vector com 
prising the coding Sequence of Galpha 15 under conditions 
wherein G alpha 15 is expressed, wherein Said cells express 
beta lactamase at low, moderate, or high levels. 
0066. The invention further relates to a method of screen 
ing for candidate compounds capable of modulating the 
activity of a G-protein coupled receptor polypeptide, com 
prising: (i) contacting a test compound with a cell or tissue 
comprising an expression vector capable of expressing a 
polypeptide comprising an amino acid Sequence as Set forth 
in SEQ ID NO:3, or encoded by ATCC deposit RAI-3, under 
conditions in which said polypeptide is expressed; and (ii) 
Selecting as candidate modulating compounds those test 
compounds that modulate activity of the G-protein coupled 
receptor polypeptide, wherein Said cells are HEK cells 
wherein Said cells comprise a vector comprising the coding 
Sequence of the beta lactamase gene under the control of 
CRE response elements, wherein Said cells express beta 
lactamase at low, moderate, or high levels. 
0067. The statement, “wherein said cells express beta 
lactamase at low, moderate, or high levels” is a reference to 
cells that either express beta lactamase at low, moderate, or 
high levels relative to the expression levels of a reference 
mRNA, gene, or protein; or a reference to the actual per 
centage of cells that express beta lactamase. In the latter 
example, high levels of expression would be achieved if the 
majority of cells were expressing beta lactamase, while low 
levels of expression would be achieved if only a subset of 
cells were expressing beta lactamase. Such cells may also 
express other proteins, Such as the proteins of the present 
invention at low, moderate, or high levels as well. 
0068. Further aspects, features, and advantages of the 
present invention will be better appreciated upon a reading 
of the detailed description of the invention when considered 
in connection with the accompanying figures or drawings. 

DESCRIPTION OF THE FIGURES 

0069. At least one Figure comprising this patent specifi 
cation is executed in color. Copies of the patent with color 
Figure(s) will be provided by the U.S. Patent and Trademark 
Office upon request and payment of the necessary fee. 

0070 FIGS. 1A and 1B illustrate the results of Western 
Blot analysis of H292 lung airway epithelial cells (ATCC) 
using anti-phosphotyrosine (anti-Ptyr) antibodies. FIG. 1A 
illustrates the results of serum-starved H292 cells exposed to 
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cigarette Smoke bubbled medium (i.e., CS-240, the equiva 
lent of 240 cigarettes per 500 ml of cell medium) for the 
periods of time shown (10 sec., 5 min., 10 min., 15 min., 30 
min., 60 min., and 120 min.) and to EGF (10 nM) for 5 
minutes. Whole cell lysates were obtained as described in 
the Examples herein, subjected to SDS-PAGE, transferred to 
PVDF membrane, and blotted with anti-Ptyr antibody con 
jugated to horse radish peroxidase (HRP). Molecular weight 
markers are shown in the left-most lane. FIG. 1B shows the 
results of immunoprecipitation of proteins from cigarette 
Smoke-treated cell lysates, as described for FIG. 1A, using 
anti-EGFR antibody prior to SDS-PAGE and Western blot 
ting analysis using anti-Ptyr antibody. For this experiment, 
1.5 ml of cell lysate (~% of a confluent T75 flask) was 
pre-cleared twice with 50 ul of Protein Aslurry with rotation 
at 4 C. Pre-cleared lysate was transferred to a new Eppen 
dorf tube and 50 ul of Protein A and 2 ul of EGFR antisera 
(HER1/TWIB2 rabbit antisera to human EGFR) were added. 
After mixing for 1 hour at 4 C., the precleared lysate, 
Protein A and EGFR antisera were washed three times with 
Lysis buffer, one time with 1xPBS and aspirated “dry”. 
Samples were subjected to SDS-PAGE and then transferred 
to nitrocellulose by Standard western blotting techniques. 
The membranes were then blotted with the antiphosphoty 
rosine antibody HRP-Conjugated-4G10 #16-105 (Upstate 
Biotechnology, Inc. Lake Placid, N.Y.). (Example 1(C)). 
0071 FIGS. 2A and 2B depict SDS-PAGE and Western 
Blot analysis of H292 cell lysates prepared from cells that 
had either been treated with cigarette Smoke (CS-160) or not 
treated (Control, Serum Free Medium, SFM). FIG. 2A 
shows whole cell lysates from cigarette Smoke-treated and 
control cells with no immunoprecipitation using anti-phos 
photyrosine (anti-Ptyr) antibodies. FIG. 2B shows whole 
cell lysates from Smoke treated and control cells following 
immunoprecipitation using anti-phosphotyrosine antibodies. 
Numerous phosphorylated proteins are observed in the 
Smoke-treated cells after anti-Ptyr immunoprecipitation. 
Specifically, H292 lung airway epithelial cells were grown 
in complete RPMI media to confluence (approximately 
3x10 cells in 24-500 cm plates) and then serum-starved for 
24 hours. The cells were then treated with CS-160 cigarette 
Smoke-bubbled media (serum-free) for various times. 
CS-160 is equivalent to 160 cigarettes per 500 ml. After 
treatment, the cells were washed with ice-cold PBS and 
lysed in Lysis Buffer. The lysates were centrifuged and the 
Supernatants recovered. Protein concentration was deter 
mined by a BCA assay. 10 ug of protein were run in each 
lane and blotted for anti-phosphotyrosine. (Example 1(D)). 
For immunoprecipitation of tyrosine phosphorylated pro 
teins, cell lysates were first precleared and then incubated 
overnight at 4 C. with a 100 tug each of the five antibodies 
as described in Example 1(D). The bound proteins were 
incubated with a pre-washed cocktail of agarose beads 
conjugated to Streptavidin, anti-mouse IgG and Protein G for 
two hours at 4 C. Precipitated immune complexes were 
then washed with lysis buffer including inhibitors, sus 
pended in Sample buffer, subjected to SDS-PAGE and then 
transferred to nitrocellulose by Standard western blotting 
techniques. The membranes were then blotted with the 
antiphosphotyrosine antibody HRP-Conjugated-4G10 #16 
105 (Upstate Biotechnology, Inc. Lake Placid, N.Y.). 
0072 FIGS. 3 and 4 show the results of two LC/LC/ 
MS/MS analyses. Identification of the immunoprecipitated 
proteins was performed on the digested Samples as described 
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in Example 1 (E) herein below. A peptide having the amino 
acid sequence AHAWPSPYKDYEVK (SEQ ID NO:1) was 
identified and was determined to correspond to the RAI-3 
protein (RefSeq NP 003970.1, amino acid sequence; Ref 
Seq NM 003979, nucleic acid sequence). 
0.073 FIG. 5 shows the results of treating cells (HEK 
293, BEAS-2B, and H292) with all-trans retinoic acid 
(ATRA), (1 uM), for 24 hours as described in Examples 1N 
and 1 O herein. Transcription of RAI-3 mRNA is induced 
relative to control cells that were not treated with ATRA. 
Data are expressed as a fold increase over a reference tissue 
or cell type. Duplicate data values are shown above the bars. 

0074 FIGS. 6 and 7 show the results gene chip experi 
ments as described in Example 1(R) herein. The Affymetrix 
human U95v2 A, B, and C chips were probed with bioti 
nylated in vitro transcription product prepared from Sample 
mRNA obtained from the various tissues shown, per the 
manufacturer's instructions (see: Protocol for Affymetrix 
Gene Chip Expression). Hybridization, wash, and Phyco 
erythrin Streptavidin Staining were performed using the 
Affymetrix hybridization oven and fluidics workstation per 
the manufacturer's protocols (Chapter 6 of Affymetrix 
GeneChip Expression Analysis Manual, revision 2). Stained 
chips were Scanned on the Affymetrix GeneChip Scanner, 
and data were analyzed using the Affymetrix GeneChip 
Software to determine the Specifically hybridizing Signal for 
each gene. The results represent the average of Standard 
deviation (SD) of 3 replicates. The results in FIG. 6 show 
that RAI-3 relative message level is highest in the lung, 
followed by the aorta, trachea and thyroid. Expression levels 
in the other tissues tested is low. 

0075). In FIG. 7, A549, H292, BEAS-2B cell lines were 
Seeded to confluency, Starved for 24 hours, and then treated 
with 10 nM EGF for 30 minutes, 6 hours and 18 hours. RNA 
was harvested with the Rineasy Midi Kit (Qiagen, Hilden, 
Germany). The results show that RAI-3 mRNA expression 
is highest in H292 cells and does not show a clear induction 
in response to any treatment. RAI-3 expression is low in 
A549, BEAS-2B and Caco (colon, ATCC, Manassas, Va.) 
cells lines. 

0.076 FIGS. 8A and 8B shows a characterization of 
RAI-3 stable cell lines and immunoprecipitation and West 
ern Blotting as described in Example U herein. Controls 
included untransfected HEK293 cells (FIG. 8A) and a 
purified FLAG fusion protein (FIG. 8B). 
0.077 FIGS. 9A and 9B show a characterization of 
RAI-3 stable cell lines by FACS analysis as described in 
Example IK herein. 

0078 FIGS. 10A and 10B present the full-length nucle 
otide sequence (2456 nucleotides) of human RAI-3 cDNA 
(RefSeq NM 003979), (SEQ ID NO:2). 
007.9 FIGS. 11A-11C show the human RAI-3 polynucle 
otide and amino acid sequences. FIG. 11A shows the human 
RAI-3 amino acid sequence (357 amino acids), (SEQ ID 
NO:3), encoded by the RAI-3 nucleic acid sequence (SEQ 
ID NO:2) of FIGS. 10A and 10B. FIGS. 11B and 11C show 
the RAI-3 nucleic acid sequence (2456 nucleotides), (SEQ 
ID NO:2), and the encoded amino acid sequence of the 
RAI-3 polypeptide (SEQ ID NO:3). The RAI-3 peptide of 
SEO ID NO:1 is underlined in FIG. 11C. 
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0080 FIG. 12 presents a multiple sequence alignment of 
the human RAI-3 GPCR (RAI-3 HUMAN) amino acid 
Sequence with four related GPCR amino acid Sequences, 
namely, human GPCR5D (GPCR5D HUMAN), (SEQ ID 
NO:4); murine GPCR5D (GPCR5D MOUSE), (SEQ ID 
NO:5); human GPCR5B (GPCR5B. HUMAN), (SEQ ID 
NO:6); and human GPCR5C (GPCR5C HUMAN), (SEQ 
ID NO:7). The GCG pileup program was used to generate 
the alignment. The blackened areas represent identical 
amino acid residues in more than half of the listed Sequences 
and the gray highlighted areas represent Similar amino acid 
residues. 

0.081 FIG. 13 presents a multiple sequence alignment of 
the human RAI-3 GPCR amino acid sequence with other 
related GPCR sequences as described for FIG. 12. Non 
synonymous SNPs are presented in double-underlined, itali 
cized letters. The human RAI-3 amino acid Sequence com 
prising the non-synonymous SNP (Ser/Gly) at amino acid 
position 118 (base A/G) is set forth in SEQID NO:8; and the 
human RAI-3 amino acid Sequence comprising the non 
synonymous SNP (Gln/Arg) at amino acid position 307 
(base A/G) is set forth in SEQ ID NO:9. 
0082 FIGS. 14A and 14B show the results of experi 
ments in which antisense nucleic acid to RAI-3 was used to 
evaluate the outcome of IKB mRNA expression in A549 
cells and E-Selectin Surface expression in human microvas 
cular endothelial cells (HMVECs). Based on these experi 
ments, it was found that antisense to RAI-3 increased the 
level of IKB mRNA in A549 cells that had been released 
from quiescence four hours prior to transfection with the 
RAI-3 ultramer antisense (FIG. 14A and Example 2). At 
sixteen to twenty-four hours post transfection, the mRNA 
was harvested and TaqMan analysis was preformed for the 
expression of IKB and GAPDH. All samples were normal 
ized to GAPDH and IKB values were reported as fold change 
relative to IKB in samples that were transfected with an 
ultramer control. Next, the RAI-3 ultramer was applied to 
primary HMVEC cells for 16-24 hours, followed by TNF-a 
treatment for 6 hours. Thereafter, E-Selectin protein expres 
Sion on the cell Surface was evaluated. Knock down of 
RAI-3 mRNA decreased TNF-C. induced E-selectin Surface 
expression in HMVECs. (FIG. 14B and Example 3). 
0083 FIG. 15 shows the relative expression of RAI-3 in 
normal tissues, including various regions of the lung, as 
determined by quantitative PCR (Example 10). The high 
level of expression of RAI-3 in lung bronchus (tertiary) and 
lung parenchyma is particularly evident. For reference, 
primary lung airway tissue constitutes the trachea, while 
Secondary lung tissue constitutes lobar tissue, both of which 
are major dissectible airways. Any airways which are distal 
to the primary and Secondary airways, and which are greater 
than about 2 mm in diameter, are referred to as "tertiary'. 
Quaternary refers to the Smallest macroscopically dis 
Sectible bronchi of less than 2 mm in diameter. Such bronchi 
contain little or no macroscopically visible cartilage in their 
walls. More distal tissue comprises the parenchyma, which 
refers not only to alveoli, but also to very small bronchi and 
bronchioles, Such as terminal and respiratory bronchioles. 
0084 FIG. 16 shows the results of quantitative PCR 
analysis in breast tumors. (Example 10). Control breast 
tissue RNAS and breast tumor RNAS were evaluated. It was 
demonstrated that breast tumors (2 out of 5) have elevated 
steady-state RAI-3 RNA levels. 
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0085 FIG. 17 shows the results of quantitative PCR 
analysis in Stomach tumors. (Example 10). Control Stomach 
tissue RNAS and stomach tumor RNAS were evaluated. It 
was demonstrated that stomach tumors (2 or 3 matched 
tissue samples and one additional non-matched Sample for a 
total of 3 out 4) have elevated steady-state RAI-3 RNA 
levels. 

0.086 FIG. 18 shows the results of quantitative PCR 
analysis in testicular tumors. (Example 10). Control testis 
tissue RNAS and testicular tumor RNAS were evaluated. It 
was demonstrated that testicular tumors (4 out of 5 samples) 
have elevated steady-state RAI-3 RNA levels. 

0087 FIGS. 19A and 19B show multiple amino acid 
Sequence alignments of the SNP containing regions of 
human RAI-3 GPCR with RAI-3 sequences of other species 
and with other related GPCR sequences. The amino acids at 
the position of the SNPs are presented in larger, bold-faced 
type and are double underlined in all of the Sequences. The 
human GPCR5D (GPCR5D HUMAN) amino acid 
sequence is set forth in SEQID NO:4; the murine GPCR5D 
(GPCR5D MOUSE) amino acid sequence is set forth in 
SEQ ID NO:5; the human RAI-3 amino acid sequence 
(RAI-3 HUMAN) is set forth in SEQ ID NO:3 (no SNPs); 
the human GPCR5D (GPCR5D HUMAN) amino acid 
sequence as shown in FIG. 19A is set forth in SEQ ID 
NO:88; the mouse GPCR5D (GPCR5D MOUSE) amino 
acid sequence as shown in FIG. 19A is set forth in SEQ ID 
NO:89; the mouse RAI-3 amino acid sequence (RAI 
3 MOUSE) as shown in FIG. 19A is set forth in SEQ ID 
NO:10; the rat RAI-3 amino acid sequence (RAI-3 RAT) as 
shown in FIG. 19A is set forth in SEQ ID NO:11; the cow 
RAI-3 amino acid sequence (RAI-3 COW) as shown in 
FIG. 19A is set forth in SEQ ID NO:12; and the variant 
human RAI-3 amino acid Sequence containing glycine at 
position 118 as a result of the Ser118Gly SNP, as shown in 
FIG. 19A, is set forth in SEQ ID NO:13. In FIG. 19B, the 
human GPCR5D (GPCR5D HUMAN) amino acid 
sequence as shown in FIG. 19B is set forth in SEQ ID 
NO:90; the partial human RAI-3 amino acid sequence 
shown is set forth in SEQ ID NO:14 (no SNP); the variant 
human RAI-3 amino acid Sequence containing arginine at 
position 307 as a result of the Glu307Arg SNP is set forth in 
SEQ ID NO:15; and the partial mouse RAI-3 sequence 
shown in FIG. 19B is set forth in SEO ID NO:16. 

0088 FIG. 20 illustrates a comparison of the amino acid 
sequences of human RAI-3 and its murine RAI-3 ortho 
logue. The alternative amino acids resulting from the mis 
sense SNPs in the RAI-3 nucleic acid sequence are shown in 
bold, double-underlining. Both the Ser118Gly and 
Thr182Ala SNPs occur at amino acid positions that are not 
conserved between the human and murine Sequences. The 
Gln307Arg involves a conserved amino acid residue. The 
variant human RAI-3 amino acid Sequence containing gly 
cine at position 118 as a result of the Ser118Gly SNP is set 
forth in SEQ ID NO:13; the variant human RAI-3 amino 
acid Sequence containing alanine at position 182 as a result 
of the Thr182Ala SNP is set forth in SEQ ID NO:17; and the 
variant human RAI-3 amino acid Sequence containing argi 
nine at position 307 as a result of the Gln307Arg SNP is set 
forth in SEO ID NO:15. 

0089 FIG. 21 depicts an untransfected CHO NFATG 
alpha 15 cell line FACS profile. “NFAT” is an acronym for 
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“Nuclear Factor Activator of Transcription”. CHO/NFAT. 
CRE cells, in the absence of the pcDNA3.1 HygroTM/RAI-3 
mammalian expression vector transfection, were used as 
controls, as described herein. The cells were analyzed via 
FACS (Fluorescence Activated Cell Sorter) analysis accord 
ing to their wavelength emission at 518 nM (Channel 
R3-Green Cells), and 447 nM (Channel R2-Blue Cells). 
As shown, the vast majority of cells emitted at 518 nM, with 
minimal emission observed at 447 nM. This is expected, 
since the NFAT response elements remain dormant in the 
absence of an activated G-protein dependent Signal trans 
duction pathway (e.g., a pathway mediated by Gq/11 or 
promiscuous G coupled receptors). As a result, the cell 
permeant, CCF2/AMTM (Aurora Biosciences; G. Zlokarnik 
et al., 1998, Science, 27.9:84-88) substrate remains intact and 
emits light at 518 nM. 
0090 FIG. 22 demonstrates that overexpression of 
RAI-3 constitutively couples through the promiscuous G 
protein- (G alpha 15) coupled NFAT response element. 
CHO/NFAT G alpha 15 cell lines were transfected with the 
pcDNA3.1 HygroTM/RAI-3 mammalian expression vector, 
as described herein. The cells were analyzed via FACS 
according to their wavelength emission at 518 nM (Channel 
R3-Green Cells), and 447 nM (Channel R2-Blue Cells). 
As shown, overexpression of RAI-3 resulted in functional 
coupling, and Subsequent activation, of beta lactamase gene 
expression, as evidenced by the Significant number of cells 
with fluorescent emission at 447 nM relative to the non 
transfected CHO/NFAT Galpha 15 cells used as control (see 
FIG. 23A). 
0091 FIGS. 23A and 23B illustrate the expression of 
RAI-3 in transfected cells. For the experiments leading to 
these results, CHO/NFAT G alpha 15 cell lines were trans 
fected with the pcDNA3.1 HygroTM/RAI-3-FLAG mamma 
lian expression vector and were Subjected to immunocy 
tochemistry using a FITC-conjugated anti-Flag monoclonal 
antibody, as described herein. Untransfected control cells are 
shown in FIG. 23A. The image in FIG. 23B shows the 
fluorescent emission of the RAI-3-transfected cells at 530 
nm, following illumination with a mercury light Source. The 
cellular localization is clearly evident and is consistent with 
the expression of RAI-3. 
0092 FIGS. 24A-24D shows that representative trans 
fected CHO/NFAT G alpha 15 cell lines with intermediate 
and high beta lactamase expression levels are useful in 
Screens to identify RAI-3 agonists and/or antagonists. Sev 
eral CHO/NFAT G alpha 15 cell lines transfected with the 
pcDNA3.1 HygroTM/RAI-3 mammalian expression vector 
and having either intermediate or high beta lactamase 
expression levels of constitutive activation were isolated via 
FACS, as described herein. FIG. 24A shows untransfected 
CHO/NFAT Galpha 15 cells prior to stimulation with 10 nM 
phorbol myristyl acetate (PMA) and 1 uM Thapsigargin/(- 
P/T). FIG. 24B shows CHO/NFAT-CRE cells after stimu 
lation with 10 nM PMA and 1 uM Thapsigargin/(+P/T). 
FIG. 24C shows CHO/NFAT G alpha 15 cells transfected 
with a representative orphan GPCR (oGPCR) and having an 
intermediate level of beta lactamase expression. FIG. 24D 
shows CHO/NFAT G alpha 15 cells transfected with a 
representative orphan GPCR (oGPCR) and having a high 
level of beta lactamase expression. 
0093 FIGS. 25A-25C presents the RAI-3 nucleic acid 
Sequence and encoded amino-acid Sequence including poly 
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morphic loci, e.g., single nucleotide polymorphisms (SNPs), 
at the designated positions in the Sequence. The positions in 
the RAI-3 nucleic acid Sequence comprising polymorphic 
loci are represented by an “n” (SEQ ID NO:18), wherein n 
includes the nucleotides as shown in Table 1; the amino acid 
changes related to the SNPs in the encoded RAI-3 amino 
acid sequence are designated with an “X” (SEQ ID NO:19), 
wherein Xincludes the amino acids as shown in Table 1. The 
underlined sequence (amino acids 340-353) in FIG. 25B 
represents the RAI-3 peptide of SEQ ID NO:1. Accordingly, 
the present invention is directed to a polynucleotide or a 
polypeptide comprising any combination of one or more of 
the polymorphisms according to those presented in FIGS. 
25A-25C. The following Table 1 depicts the RAI-3 nucleic 
acid and amino acid Sequences and various SNPs contained 
therein: 

0094 FIGS. 26A and 26B illustrate the results of West 
ern Blot analysis of an A549 cell line (Human Lung Carci 
noma CCL-185, American Type Culture Collection, Manas 
sas, Va.) transiently transfected with a FLAG RAI-3 
construct (described herein). Media on the cells was changed 
to Serum-free and 48 hours port-transfection the cells were 
treated with cigarette Smoke-bubbled media (i.e., CS-160, 
the equivalent of 160 cigarettes per 500 ml of cell medium) 
for the periods of time shown (1 hr., 2 hr., and 3 hr.) and with 
EGF (10 nM) for 5 minutes. Lysates were immuno-precipi 
tated with 2 tug of anti-FLAG M2 antibody (Catalog # 
F-3165, Sigma, Saint Louis, Mo.) and 40 ul of Protein A. 
The Protein A/lysate/antibody mixture was washed, aspi 
rated “dry”, and 60 ul of 2xSDS-PAGE sample buffer was 
added. After heating at 95 C. for 10 minutes, the samples 
were loaded onto two 4-20% gradient gels, resolved by 
SDS-PAGE and transferred to nitrocellulose by standard 
Western Blotting techniques. The membranes were blotted/ 
probed with either an anti-FLAG-HRP antibody (Sigma, 
Saint Louis, Mo., Catalog # A8592) as shown in FIG. 26A, 
or an anti-phosphotyrosine-HRP antibody (HRP-conju 
gated-4G10 antibody, #16-105, Upstate Biotechnology, Inc., 
Lake Placid, N.Y.) as shown in FIG. 26B. Lane 1 shows 
untreated A549/Flag-RAI-3, Lane 2 shows A549 cells trans 
fected with Flag-RAI-3 plus EGF (10 nM) for 60 minutes, 
Lanes 3-5 show A549 cells transfected with Flag-RAI-3 
treated with cigarette Smoke-bubbled medium. Lane 6 
shows untransfected A549 cells treated with cigarette 
Smoke-bubbled medium and Lane 7 shows a control FLAG 
fusion protein with a molecular weight of 5%.8 kDa. 
0.095 FIGS. 27A and 27B illustrate the results of a 
Western Blot analysis of a CHO/NFAT Galpha 15 cell line 
stably transfected with the pcDNA3.1/Flag-RAI-3 mamma 
lian expression vector (Flag-RAI-3 CHO), as previously 
described and the results of a Western Blot analysis of the 
parental CHO cell line as a control. FIG. 27A illustrates the 
results of an anti-RAI-3 immunblot of lysates from /3 of a 
confluent T75 flask of either the stable Flag-RAI-3 CHO or 
parental cell line immuno-precipitated with 2 ug of anti 
FLAG M2 antibody 5 (Catalog #F-316, Sigma, Saint Louis, 
Mo.) and 40 ul of Protein A. The Protein A/lysate/antibody 
mixture was washed, aspirated “dry”, and 60 ul of 2xSDS 
PAGE sample buffer was added. After heating at 95 C. for 
10 minutes, the samples were loaded onto 4-20% gradient 
gels, resolved by SDS-PAGE and transferred to nitrocellu 
lose by standard Western Blotting techniques. The mem 
branes were blotted/probed with either an anti-FLAG-HRP 
antibody (Catalog # A8592, Sigma, Saint Louis, Mo.) at a 
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1:1000 dilution, a rabbit pre-immune antisera or rabbit 
RAI-3 anti-sera (GW7, Post Boost #4, production bleed) 
both at a 1:500 dilution. All samples were immunoprecipi 
tated with an anti-Flag antibody. Lanes 1 and 2 show an 
anti-Flag blot of the Parental CHO and Flag-RAI-3 CHO, 
respectively. Lanes 3 and 4 show a rabbit pre-immune Sera 
blot of the parental CHO cell line and Flag-RAI-3 CHO, 
respectively. Lanes 5 and 6 show a rabbit RAI-3 antiserablot 
of the parental CHO and Flag-RAI-3 CHO, respectively. 
FIG.27B illustrates the results of an anti-Flag immunblot of 
lysates from /2 of a confluent T75 flask of either the stable 
Flag-RAI-3 CHO cell line or parental cell line immuno 
precipitated with either 5ul of rabbit RAI-3 antisera (GW7, 
Post Boost #4, production bleed antisera) and 40 ul of 
Protein A or 2 tug of anti-FLAG M2 antibody Catalog # 
F-3165 (Sigma, Saint Louis, Mo.) and 40 ul of Protein A. 
The Protein A/lysate/antibody mixture was washed, aspi 
rated “dry”, and 301 ul of 2xSDS-PAGE sample buffer was 
added. After heating at 95 C. for 10 minutes, the samples 
were loaded onto a 4-20% gradient gel, and resolved by 
SDS-PAGE and transferred to nitrocellulose by standard 
Western Blotting techniques. The membranes were blotted/ 
probed with an anti-FLAG-HRP antibody (Sigma, Saint 
Louis, Mo., Catalog # A8592) at a 1:1000 dilution. All 
samples are immuno-blotted with an anti-FLAG-HRP anti 
body. Lanes 1 and 2 show the anti-Flag blot of the parental 
CHO and Flag-RAI-3 CHO cell lines immunoprecipitated 2 
lug of anti-FLAG M2 antibody, respectively. Lanes 3 and 4 
show the anti-Flag blot of the parental CHO and Flag-RAI-3 
CHO cell lines immuno-precipitated with 5 ul of rabbit 
RAI-3 antisera (GW7, Post Boost #4, production bleed 
antisera). 
0096 FIGS. 28A and 28B illustrate the results of a 
Western Blot analysis of the H292 cell line immunoprecipi 
tated with either anti-EGFR, rabbit pre-immune sera or 
rabbit anti-RAI-3 and immunoblotted with an anti-phospho 
tyrosine antibody. FIG. 28A illustrates the results of West 
ern Blot analysis of H292 lung airway epithelial cells 
(American Type Culture Collection (ATCC), Manassas, Va.) 
that were serum-starved for 24 hours and then treated with 
cigarette Smoke-bubbled media (i.e., CS-160, the equivalent 
of 160 cigarettes per 500 ml of cell medium and CS-240) 3 
hours. Lysates from /3 of a confluent T75 flask were 
immuno-precipitated with either a 4 ul of rabbit anti-EGFR 
(HER1 TW2, in-house) or 5ul of rabbit RAI-3 and 40 ul of 
Protein A. The Protein A/lysate/antibody mixture was 
washed, aspirated “dry”, and 30 ul of 2xSDS-PAGE sample 
buffer was added. After heating at 95 C. for 10 minutes, the 
Samples were loaded onto a 4-20% gradient gel, resolved by 
SDS-PAGE and transferred to nitrocellulose by standard 
Western Blotting techniques. The membranes were blotted/ 
probed with an anti-phosphotyrosine-HRP antibody (HRP 
conjugated-4G10 antibody, #16-105, Upstate Biotechnol 
ogy, Inc., Lake Placid, N.Y.). Lanes 1 and 4 show untreated 
H2.92s, Lanes 2 and 5 and show H2.92s treated 3 hours with 
cigarette Smoke-bubbled medium, CS-160. Lanes 3 and 6 
and show H2.92s treated 3 hours with cigarette Smoke 
bubbled medium, CS-240. Lanes 1-3 are immunoprecipi 
tated with rabbit anti-EGFR and Lanes 4-6 are immunopre 
cipitated with rabbit anti-RAI-3. The membrane was blotted 
with an anti-phosphotyrosine-HRP antibody. FIG. 28B 
illustrate the results of Western Blot analysis of H292 lung 
airway epithelial cells (American Type Culture Collection 
(ATCC), Manassas, Va.) that were serum-starved for 24 
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hours and then treated with cigarette Smoke-bubbled media. 
(i.e., CS-80, the equivalent of 80 cigarettes per 500 ml of cell 
medium, CS-160 and CS-240) for 3 hours. Lysates from /3 
of a confluent T75 flask were immuno-precipitated with 
either 4 ul of rabbit anti-EGFR (HER1TW2, in-house), 5 ul 
of rabbit pre-immune sera, or 5ul of rabbit RAI-3 and 40 ul 
of Protein A. The Protein A/lysate/antibody mixture was 
washed, aspirated “dry”, and 30 ul of 2xSDS-PAGE sample 
buffer was added. After heating at 95 C. for 10 minutes, the 
Samples were loaded onto a 4-20% gradient gel, resolved by 
SDS-PAGE and transferred to nitrocellulose by standard 
Western Blotting techniques. The membranes were blotted/ 
probed with an anti-phosphotyrosine-HRP antibody (HRP 
conjugated-4G10 antibody, #16-105, Upstate Biotechnol 
ogy, Inc., Lake Placid, N.Y.). Lanes 1, 4 and 7 show H292s 
treated 3 hours with cigarette Smoke-bubbled medium, 
CS-80. Lanes 2, 5 and 8 show H2.92s treated 3 hours with 
cigarette Smoke-bubbled medium, CS-160. Lanes 3, 6 and 9 
show H2.92s treated 3 hours with cigarette Smoke-bubbled 
medium, CS-240. Lanes 1-3 were immunoprecipitated with 
rabbit anti-EGFR. Lanes 4-6 were immunoprecipitated with 
rabbit pre-immune Sera. Lanes 7-9 were immunoprecipitated 
with rabbit anti-RAI-3. The membrane was blotted with an 
anti-phosphotyrosine-HRP antibody. 

0097 FIG. 29 illustrates the results of a FACs analysis 
comparing the stably expressing Flag-RAI-3 CHO cell line, 
clone B8, to the parental CHO cell line. The top panel shows 
a FACs analysis histogram comparing the stably expressing 
Flag-RAI-3 CHO cell line, clone B8, to the parental CHO 
cell line using an HRP-conjugated anti-FLAG. The middle 
panel shows a FACS analysis histogram comparing the 
stably expressing Flag-RAI-3 CHO cell line, clone B8, to 
the parental CHO cell line using the pre-immune antisera 
from the GW7 rabbit. The lower panel shows a FACs 
analysis histogram comparing the Stably expressing Flag 
RAI-3 CHO cell line, clone B8, to the parental CHO cell line 
using a post boost #4 bleed of the rabbit antisera, GW7. 
Cells from the confluent 100 mM cell culture plates (or 
equivalent), i.e., ~2x10 cells, were washed once with 
1xPBS and then lifted from the plates with 2-3 ml of Cell 
Stripper (Cellgro/Mediatech, Herndon, Va.). 15 ml of 
1xPBS was added to wash cells and then the cells were 
centrifuged at 1.5 K for 8 minutes at 4 C. to pellet. Cells 
were resuspended in 0.2 ml of binding buffer which is 
composed from DMEM (Gibco/BRL/Invitrogen Corpora 
tion, Carlsbad, Calif.) with a final concentration of 1% BSA 
(30% solution, Sigma-Aldrich Co. Saint Louis, Mo.) and 
0.02% azide. Anti-FLAG FITC (Sigma, Saint Louis, Mo.; 
Catalog #F4049) was added at a dilution of 1:400 or rabbit 
anti Sera was added at a dilution of 1:250. The cells and 
antibody mixture were incubated for one hour on ice. The 
cells incubated with the rabbit antisera were centrifuged at 
1.5 K for 8 minutes at 4 C. to pellet and washed twice with 
10 ml of binding buffer and resuspended in a final volume 
of 0.2 ml of binding buffer containing the 2 antibody a 
Fluorescein (FITC)-conjugated AffiniPure F(ab') Goat Anti 
Rabbit IgG.at a dilution of 1:200 (Jackson Immunoreseach 
Laboratories, Inc, West Grove, Pa.). The cells and antibody 
mixture were incubated for 30 minutes on ice. The cells were 
centrifuged at 1.5 K for 8 minutes at 4 C. to pellet and 
washed twice with 10 ml of binding buffer and resuspended 
in a final volume of 0.5 ml of binding buffer for FACS 
analysis. The cells were analyzed on a Becton Dickenson 
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FACSort using Cell Quest software (Becton-Dickenson, 
Franklin Lakes, N.J.). Cells were live gated and red/green 
color was compensated. 
0.098 FIG. 30 illustrates the results of a FACs analysis 
comparing expression of the endogenous RAI-3 protein on 
the surface of the A549 and H292 cell lines. The top panels 
show results of a FACS analysis histogram without any 
antibody present. The Second from top panels show the 
results of a FACS analysis histogram using the 20 antibody 
alone. The second from bottom panels show the results of a 
FACS analysis histogram using the pre-immune antisera 
from the GW7 rabbit. The bottom panels show the results of 
a FACS analysis histogram using the post boost #4 bleed of 
the rabbit antisera, GW7. Cells from the confluent 100 mM 
cell culture plates (or equivalent), i.e., ~2x10 cells, were 
washed once with 1xPBS and then lifted from the plates 
with 2-3 ml of Cell Stripper (Cellgro/Mediatech, Herndon, 
Va.). 15 ml of 1xPBS was added to wash cells and then the 
cells were centrifuged at 1.5 K for 8 minutes at 4 C. to 
pellet. Cells were resuspended in 0.2 ml of binding buffer 
which was composed from DMEM (Gibco/BRL/Invitrogen 
Corporation, Carlsbad, Calif.) with a final concentration of 
1% BSA (30% solution, Sigma-Aldrich Co. Saint Louis, 
Mo.) and 0.02% azide. Rabbit anti sera was added at a 
dilution of 1:250. The cells and antibody mixture was 
incubated for one hour on ice. The cells were centrifuged at 
1.5 K for 8 minutes at 4 C. to pellet and washed twice with 
10 ml of binding buffer and resuspended in a final volume 
of 0.2 ml of binding buffer containing the 2 antibody a 
Fluorescein (FITC)-conjugated AffiniPure F(ab') Goat Anti 
Rabbit IgG.at a dilution of 1:200 (Jackson Immunoreseach 
Laboratories, Inc, West Grove, Pa.). The cells and antibody 
mixture was incubated for 30 minutes on ice. The cells were 
centrifuged at 1.5 K for 8 minutes at 4 C. to pellet and 
washed twice with 10 ml of binding buffer and resuspended 
in a final volume of 0.5 ml of binding buffer for FACS 
analysis. The cells were analyzed on a Becton Dickenson 
FACSort using Cell Quest software (Becton-Dickenson, 
Franklin Lakes, N.J.). Cells were live gated and red/green 
color was compensated. 
0099 FIG.31 illustrates the results of a FACs analysis of 
the H292 cell line transfected with the RAI-3 siRNA reagent 
1864+1865 and controls. The most right column show the 
FACs analysis histogram of control H292 cells that were not 
transfected with Lipofectamine or siRNA. The top analysis 
figure show the mean Signal when no antibody was added to 
the cells, the middle analysis figure shows the mean Signal 
when the pre-immune antisera from the GW7 rabbit was 
added, and the bottom analysis figure shows the mean Signal 
when the post boost #4 bleed of the rabbit RAI-3 antisera, 
GW7 was added. The middle column shows the FACs 
analysis histograms of control H292 cells that were trans 
fected, in triplicate, with Lipofectamine 2000 alone without 
any siRNA. The most right column shows the histograms of 
H292 cells that were transfected, in triplicate, with the 
RAI-3 siRNA reagent 1864+1865. FACs analysis of H292 
cells that were transfected, in triplicate, with control siRNA 
reagents (described in herein), showed an average mean 
greater than the controls. The day before transfection, ~2.5.x 
10"H292 cells/well were seeded into 24 well-plates in RPMI 
media containing 10% fetal bovine serum, 20 mM 
Glutamine, 1% Penicillin-Streptomycin (Gibco/Invitrogen 
Corporation, Carlsbad, Calif.). On the day of the transfec 
tion, the cells were ~90% confluent and the media was 
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replaced with RPMI media containing 10% fetal bovine 
serum and 20 mM Glutamine and no antibiotics. For each 
well, 4 ul of a 20 uM stock of the siRNA was diluted into 
50 ul Opti-MEM (Gibco/Invitrogen Corporation, Carlsbad, 
Calif.). In a separate tube, 2 ul of Lipofectamine 2000 
(Invitrogen Corp., Carlsbad, Calif.) was diluted into 50 ul of 
Opti-MEM. The diluted siRNA and the diluted Lipo 
fectamine 2000 solutions were mixed and left at room 
temperature for 20 minutes. The mixture was then added to 
the cells containing media without antibiotics and incubated 
at 37 C., 5% CO, for 24 hours. The transfections were 
done in triplicates. Cells (siRNA transfected as described 
above) from each well of the 24 well-culture plates (i.e., 
~0.5x10 cells) were washed once with 1xPBS and then 
lifted from the plates with 0.5 ml of Cell Stripper (Cellgro/ 
Mediatech, Herndon, Va.). 3 ml of 1xPBS was added to 
wash cells and then the cells were centrifuged at 1.5 K for 
8 minutes at 4 C. to pellet. 
0100 Cells were resuspended in 0.2 ml of binding buffer 
which is composed from DMEM (Gibco/BRL/Invitrogen 
Corporation, Carlsbad, Calif.) with a final concentration of 
1% BSA (Sigma-Aldrich Co. Saint Louis, Mo.) and 0.02% 
azide. Rabbit antisera was added at a dilution of 1:250. The 
cells and antibody mixture was incubated for one hour on 
ice. The cells were centrifuged at 1.5 K for 8 minutes at 4 
C. to pellet, washed twice with 10 ml of binding buffer and 
resuspended in a final volume of 0.2 ml of binding buffer 
containing the 2 antibody a Fluorescein (FITC)-conjugated 
AffiniPure F(ab') Goat Anti-Rabbit IgG.at a dilution of 
1:200 (Jackson Immunoreseach Laboratories, Inc, West 
Grove, Pa.). The cells and antibody mixture was incubated 
for 30 minutes on ice. The cells were centrifuged at 1.5 K for 
8 minutes at 4 C. to pellet washed twice with 10 ml of 
binding buffer and resuspended in a final volume of 0.5 ml 
of binding buffer for FACS analysis. The cells were analyzed 
on a Becton Dickenson FACSort using Cell Quest software 
(Becton-Dickenson, Franklin Lakes, N.J.). Cells were live 
gated and red/green color was compensated. 

0101 FIG. 32 illustrates the results of an ELISA assay 
detecting muc5AC protein levels in the Supernatants of 
H292 cells transfected with the RAI-3 siRNA reagent 1864+ 
1865 and exposed to cigarette Smoke bubbled media, CS-10. 
Shown on the left are H292 cells that were untransfected, in 
triplicate, and exposed to cigarette Smoke bubbled media, 
CS-10, for 72 hours. Shown in the middle, are H292 cells 
that were transfected with Lipofectamine 2000 alone with 
out any siRNA, in triplicate, and exposed to cigarette Smoke 
bubbled media, CS-10, for 72 hours. Shown on the left are 
H292 cells that were transfected with the RAI-3 siRNA 
reagent 1864+1865, in triplicate, and exposed to cigarette 
Smoke bubbled media, CS-10, for 72 hours. Untransfected 
controls (in triplicate) receiving CS-10 media showed a 7.73 
fold increase in the levels of muc5AC protein in the Super 
natant when compared to the Supernatant of cells with only 
serum-free RPMI media (CS-10; average signal 0.5927, 
StDev 0.1326, serum-free media: average signal 0.0766, 
StDev 0.0339). 
0102 FIG.33 shows the results of immunohistochemical 
(IHC) staining in human lung tissue using rabbit ant-RAI-3 
antisera. Anti-RAI-3 antisera was generated using a Synthe 
sized peptide corresponding to amino acids 269-284 of SEQ 
ID NO:3 as described herein. Panel A shows RAI-3 staining 
in respiratory epithelium in normal lung isolated from a 
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78-year-old female at 40x magnification. Panel B shows 
RAI-3 staining in respiratory epithelium in normal lung 
isolated from a 47-year-old female at 40x magnification. 
Panel C shows RAI-3 staining in respiratory epithelium in 
emphysema lung isolated from a 57-year-old female at 40x 
magnification. The level of Staining of RAI-3 in emphysema 
tissues is more pronounced as compared to the level of 
Staining observed in normal lung tissue. The results are 
consistent with the putative role of RAI-3 in the pathobiol 
ogy of cigarette Smoke-related pulmonary disease. 

0103 FIG. 34 shows the results of immunohistochemical 
(IHC) staining in human lung tissue using rabbit ant-RAI-3 
antisera. Anti-RAI-3 antisera was generated using a Synthe 
sized peptide corresponding to amino acids 269-284 of SEQ 
ID NO:3 as described herein. Panel A shows RAI-3 staining 
in respiratory epithelium in bronchitus lung isolated from a 
56-year-old male at 40x magnification. Panel B shows 
RAI-3 staining in respiratory epithelium in bronchitus lung 
isolated from a 63-year-old male at 40x magnification. Panel 
C Shows RAI-3 staining in Seromucous glands in bronchitus 
lung isolated from a 63-year-old male at 40x magnification. 
Panel D shows RAI-3 staining in mucosal inflammation in 
bronchitus lung isolated from a 63-year-old male at 40x 
magnification. The level of staining of RAI-3 in bronchitis, 
Seromucous gland, and mucosal inflammation tissues is 
more pronounced as compared to the level of Staining 
observed in normal lung tissue (compare Panels A and B in 
FIG.33). The results are consistent with the putative role of 
RAI-3 in the pathobiology of cigarette Smoke-related pull 
monary disease. 

0104 FIG. 35 shows the B-lactamase concentration 
response curve obtained from the UHTSS system for Com 
pound 1 that was identified by Screening the RAI-3 polypep 
tide for modulators (Panel A). Panel B shows the P-lacta 
mase concentration response curve obtained from the 
UHTSS system for Compound 1 against another G-protein 
coupled receptor, HGPRBMY7. The constitutive level of 
activity of the RAI-3 expressing cell lines was matched to 
the level of constitutive activity for HGPRBMY7 for all data 
points. The data demonstrates that Compound 1 is a Selec 
tive modulator of RAI-3. 

TABLE 1. 

Position Corre 
in RAI-3 sponding Amino Acidf 

Nucleic Acid Nucleotides Position Corresponding 
Sequence in FIGS. in RAI- Amino Acid in 
(cDNA) 25A-C (wt 3 Amino Acid FIGS. 25A-C 
in FIGS. mt?variant Sequence in (wt aafvariant 

ID 25A-C nt) FIGS. 25A-C aa) 

RAI-3-s1 112 gfa 
RAI-3-S2 364 cft 37 (Ala37Ala) Ala/Ala 
RAI-3-s3 511 cft 
RAI-3-s4 523 cft 
RAI-3-S5 797 afg 182 Thr/Ala 

(Thr182Ala) 
RAI-3-S6 605 afg 118 Ser/Gly 

(dbSNP (Ser118Gly) 
rs&50932) 
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TABLE 1-continued 

Position Corre 
in RAI-3 sponding Amino Acidf 

Nucleic Acid Nucleotides Position Corresponding 
Sequence in FIGS. in RAI- Amino Acid in 
(cDNA) 25A-C (wt 3 Amino Acid FIGS. 25A-C 
in FIGS. mt?variant Sequence in (wt aafvariant 

ID 25A-C nt) FIGS. 25A-C aa) 

RAI-3-s8 1111 tfc 286 Pro?pro 
(Pro286Pro) 

RAI-3-S9 1173 afg 307 Gln/Arg 
(Gln307Arg) 

*wild-type nucleotide/variant nucleotide 
** wild-type amino acid/variant amino acid 
The Ser118Gly missense SNP was identified as rs850932 in the NCBI 
SNP database (NCBI dbSNP). 

DETAILED DESCRIPTION OF THE 
INVENTION 

0105 The present invention describes the identification 
of proteins and their component peptides that are activated 
and/or modified when cells are exposed to Smoke resulting 
from the burning of tobacco containing products and Sub 
stances, namely cigarette Smoke. Since cigarette Smoke is 
the major causative factor for COPD, identifying the pro 
teins and Signal transduction pathways that are activated 
and/or modified when cells are exposed to cigarette Smoke 
is newly provided as a critical aspect of identifying new drug 
targets for the treatment of COPD as described herein. In 
accordance with this invention, proteomics methods were 
designed and used to isolate cigarette Smoke-inducible 
tyrosine phosphorylated proteins (activation complexes) 
from airway epithelial cells exposed to Smoke. (Examples 
1D-1F). 
0106 This strategy was employed based on the following 
nonlimiting hypothesis according to this invention: Expo 
Sure to Smoke induces oxidative StreSS, inhibits phos 
phatases, activates Src and transactivates EGFR, and poten 
tially other receptor tyrosine kinases. This activation 
contributes to the transcription of mucin and cytokine genes 
which, in turn, contribute to the cause and Symptoms of 
COPD. Compounds that are able to inhibit this activation, 
e.g., by affecting cellular proteins and/or peptides that are 
induced, activated and/or modified following cigarette 
Smoke exposure, are thus reasoned to be useful as drugs for 
treating COPD. 
0107. In accordance with the present invention, the 
RAI-3 protein, a member of the G-protein coupled receptor 
Superfamily, was newly identified among the various pro 
teins found to be tyrosine phosphorylated (or associated/ 
complexed with tyrosine phosphorylated proteins) only in 
cells that had been exposed to cigarette Smoke. AS described 
herein, phosphorylated RAI-3 protein has been newly found 
to be associated with the exposure of cells to cigarette 
Smoke. Because of its first identification as a protein whose 
expression and modification are linked to Smoke exposure of 
cells, and thus to COPD as described herein, RAI-3 emerges 
by Virtue of the present invention as a new target for use in 
identifying RAI-3 modulators, e.g., drugs, compounds, or 
biological agents, and the like, for the treatment and pre 
vention of COPD and COPD related diseases, disorders and 
conditions. Because RAI-3 was found to be expressed 
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primarily in lung tissue (FIG. 6), it is an especially appeal 
ing target for the identification and Screening of drugs for the 
treatment and prevention of COPD. 
0108 Briefly, to achieve the identification of proteins 
having a strong link to the exposure of cells to cigarette 
Smoke, and thus a link to COPD, airway epithelial cells 
(lung cells) were treated both with and without cigarette 
Smoke-bubbled media. (Examples 1A and 1B). Whole cell 
lysates were harvested and the proteins therein purified 
using anti-phosphotyrosine antibodies. The purified phoS 
phorylated proteins were then proteolyzed together and the 
polypeptide fragments So created were identified by packed 
capillary HPLC coupled to tandem mass Spectrometry. 
(Examples 1D and 3E). Data were searched, and peptides 
identified, using the SEQUEST algorithm as further 
described herein. Approximately 350 proteins were identi 
fied as being tyrosine phosphorylated (or associated with 
tyrosine phosphorylated proteins) only in those cells that had 
been exposed to cigarette Smoke (treated cells). Included 
among the 350 identified proteins were a variety of Signaling 
molecules, components of the epidermal growth factor 
receptor (EGFR) pathway, and RAI-3. The proteins found to 
be present in the treated versus the untreated Samples were 
compared to identify those proteins that were activated by 
the cigarette Smoke treatment, either eXclusively or prefer 
entially. Using this technique, certain peptides correspond 
ing to the amino acid sequence of the RAI-3 (Retinoic Acid 
Induced 3) protein were isolated and the peptides were used 
in the determination of RAI-3 as a target protein for COPD 
treatment and prevention. 
0109) The gene encoding RAI-3, (formerly known as 
RAIG1), was reported in connection with studies performed 
to identify retinoic acid-regulated genes from a human oral 
Squamous carcinoma cell line. (Y. Cheng and R. Lotan, 
1998, “Molecular cloning and characterization of a novel 
retinoic acid-inducible gene that encodes a putative G pro 
tein-coupled receptor”, J. Biol. Chem., 273:35008-15). In 
their Studies, Cheng and Lotan used differential display to 
identify retinoic acid-regulated genes from a human oral 
Squamous carcinoma cell line to better understand the 
mechanisms through which retinoids Suppress carcinogen 
esis. A cDNA corresponding to a retinoic acid-induced gene 
was named RAIG1. Subsequently, RAIG1 was renamed 
“RAI-3', as it is now known. Synonyms for RAI-3 include 
RAI-3; Retinoic Acid Induced 3; RAIG1; raig1 and 
GPRCSA. 

0110. According to Cheng and Lotan, RAI-3 expression 
was induced in cells Subjected to all-trans-retinoic acid 
(ATRA) rapidly and in a dose-dependent manner. The levels 
of RAI-3 mRNA in different cancer cells varied greatly, with 
no correlation between the expression levels and the type of 
cancer cells. RAI-3 was also nonspecifically expressed in 
Several normal human tissues, with the highest expression 
levels found in fetal and adult lung. Northern blot analysis 
detected two RAI-3 transcripts of 2.4 and 6.8 kb, which were 
Surmised to result from the alternative use of different 
polyadenylation sites. (Cheng and Lotan, 1998, Ibid.). 
0111. The approved UCLA/HGNC/HUGO Human Gene 
Nomenclature database symbol is RAI-3 (retinoic acid 
induced 3), which corresponds to RefSeq NM 003979 
(NCBI Database), which is 2456 bases in length (RAI-3 
sequences: FIGS. 10A and 10B and FIGS. 11B and 11C), 
(SEQ ID NO:2). 
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0112 The human RAI-3 polynucleotide sequence 
encodes a deduced protein of 357 amino acids in length 
(SEQ ID NO:3), with a calculated molecular mass of 40.256 
Da. RAI-3 contains 7 predicted transmembrane domains, 
which is a signature motif of the G protein-coupled receptor 
Superfamily, and a potential N-linked glycosylation site. 
Using a combination of radiation hybrid mapping and YAC 
contig mapping, the RAI-3 gene was localized to 12p13 
p12.3, between markers D12S358 and D12S847. (Cheng 
and Lotan, 1998, Ibid.). 
0113 RAI-3 is a member of the GPCR Class C Family of 
Metabotropic glutamate/pheromone GPCRs and defined a 
new group in Class C, Group 5. Group 5 GPCR family 
members are most homologous to Class C GPCRs, although 
topographically they are more similar to the Class A GPCRs 
which have short extracellular amino terminal domains, 
rather than to the very long extracellular amino terminal 
domains of the Class C GPCRs. Since the time that RAI-3 
was cloned, three new members of the group, GPRC5B, 
GPRC5C and GPRC5D have all been cloned by bioinfor 
matics methods (H. Brauner-Osborne et al., 2000, Genom 
ics, 65:121-128; M. J. Robbins et al., 2000, Genomics, 
67:8-18; H. Brauner-Osborne et al., 2001, Biochim Biophys 
Acta, 1518:237-248). 
0114. The GCG pileup program was used to generate a 
multiple sequence alignment of RAI-3 with other Class C, 
Group 5 family members (FIG. 9). The percentage identities 
and similarities between RAI-3 and other Class C, Group 5 
family members were generated using the general method of 
S. B. Needleman and C. D. Wunsch. (1970, “A general 
method applicable to the Search for Similarities in the amino 
acid sequence of two proteins”, J. Mol. Biol, 48(3):443-53) 
and are shown in Table 2. Specifically, the GAP global 
alignment program in GCG was used to calculate the percent 
identity and similarity values presented in Table 2. The 
following GAP program parameters were used to obtain the 
values: gap creation penalty: 6; and gap extension penalty: 
2. 

TABLE 2 

Sequence Similarity/Identity of Human RAI-3 with 
Other GPCR Class C. Group S Family Members 

Identity (%) Similarity (%) 

Human RAI-3 vs Human GPCR5B 37.791 46.512 
Human RAI-3 vs Human GPCR5C 40.510 49.858 
Human RAI-3 vs Human GPCR5D 45.455 53.079 
Human RAI-3 vs Mouse GPCR5D 46.959 55.405 

0115 AS can be seen from Table 2, human RAI-3 is most 
similar to GPCR5D (45% sequence identity with human 
GPCR5D and 47% sequence identity with murine 
GPCR5D) and to GPRC5C (41% sequence identity). 
0116. In accordance with an embodiment of the present 
invention, proteomics methods (i.e., a combination of bio 
chemistry and analytical chemistry techniques) were used to 
test a premise according to the present invention that certain 
proteins would become phosphorylated directly or indirectly 
(e.g., by associating with already-phosphorylated proteins, 
or with proteins that became phosphorylated) as a result of 
exposure of epithelial airway cells with Solubilized cigarette 
Smoke (Examples 1A-1F). This premise was based upon 
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observations that the oxidative Stressing of these cells by 
Solubilized cigarette Smoke and by other agents (e.g., J. 
Immunol., 2000, 164(3):1546-1552) contributed to an 
increase in the transcription of mucin and cytokine genes, 
and that the concomitant translations of these transcripts 
contributed to the cause(s) and underlying Symptoms of 
COPD. Thus, cellular proteins induced, activated and/or 
modified by exposure to cigarette Smoke, or Smoke from 
other tobacco burning materials, would make good candi 
date targets for the diagnosis, Screening, prognosis and 
treatment of the cause(s) and symptoms of COPD. Thus, 
using proteomics methods and a Series of replicate experi 
ments and evaluation, a Set of proteins was identified, one of 
which was the RAI-3 protein. The discovery of RAI-3 
following cigarette Smoke exposure of airways cells Sup 
ported the premise that certain proteins were indeed tyrosine 
phosphorylated directly, or indirectly by associating with 
other proteins that were already phosphorylated, or that 
became phosphorylated, following treatment of epithelial 
airway cells with Solubilized cigarette Smoke. 
0117. As a protein that by itself is a candidate for acti 
Vating genes that cause the Symptoms and/or the effects of 
COPD, or for playing a more indirect role in Such gene 
activation, RAI-3, and peptides thereof, are thus provided as 
pivotal targets for treating and/or preventing COPD accord 
ing to this invention. In addition, modification and/or acti 
Vation of RAI-3 following cellular exposure to cigarette 
Smoke can Serve directly to cause or maintain the effects of 
COPD, and/or its symptoms. 
0118. The RAI-3 protein is also regulated by all-trans 
retinoic acid (ATRA), as RAI-3 mRNA levels were found to 
increase in response to ATRA (Example 1(M) and FIG. 5). 
Because RAI-3 is a member of the GPCR protein family, its 
induction by ATRA indicates that the effects of retinoids, 
e.g., ATRA, and GPCR signal transduction pathways are 
linked or associated. Thus, RAI-3 could further play a role 
in mediating the effects of ATRA on embryogenesis, differ 
entiation and tumorigenesis. (L.J. Gudas, 1994, Curr. Opin. 
Cell Biol. 6:825–831; G. M. Morriss-Kay and N. Sokolova, 
1996, FASEB.J., 10:961-968; M. B. Sporn et al., 1994, The 
Retinoids: Biology, Chemistry and Medicine, 2nd Ed., 
Raven Press, New York, N.Y.). Experiments in which rats 
displaying characteristics of human and experimental 
emphysema were treated with ATRA resulted in a reversal of 
the adverse changes to the lungs (G. D. Massaro et al., 2000, 
Am J Physiol Lung Cell Mol Physiol., 278(5):L955-L960). 
Because RAI-3 mRNA levels are increased in response to 
ATRA in animal models of emphysema, RAI-3 is a candi 
date protein for involvement in regenerating lung tissue and 
elasticity in the treatment of COPD and emphysema, par 
ticularly in response to ATRA treatment of lung related 
diseases. 

0119 Further, RAI-3 may also be involved in processes 
that reverse malignant transformation, in view of RAI-3 
mRNA levels being increased in response to ATRA. Retin 
oids, Such as ATRA, have been shown to be able to reverse 
malignant transformation in Several chemoprevention trials. 
More specifically, retinoids have been shown to SuppreSS 
oral premalignant leukopakia lesions and decrease the inci 
dence of Second primary tumors in head and neck cancer 
patients (P. G. Sacks et al., 1989, Head Neck, 11(3):219–25). 
Thus, modulators of RAI-3, Such as agonist compounds, can 
be considered to be efficacious in enhancing the reversal of 
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lung deterioration and disease, as well as in enhancing the 
reversal of malignant transformation. Accordingly, uses of 
RAI-3 modulators, e.g., agonists and/or antagonists, encom 
pass treatments for COPD and COPD related disorders, as 
Well as for cancers, e.g., lung cancer, breast cancer, Stomach 
cancer, testicular cancer, etc., as well as malignancies, So as 
to result in reduction, amelioration, reversal, or elimination 
of a disease, disorder or condition associated with RAI-3 
activity and/or function. 
0120 In one embodiment of the present invention the 
RAI-3 nucleic acid and/or amino acid Sequences, or a 
fragment thereof, e.g., oligomers or peptides, can be used to 
diagnose or screen for COPD, or COPD related diseases or 
disorders, for example, by assaying for over- or under 
expression of the RAI-3 protein or RAI-3 peptides, as is 
further described herein. Expression of RAI-3 in individuals 
having COPD or a COPD related disorder, or in those 
individuals suspected of having COPD or a COPD related 
disorder, can be assessed by identifying mutations in the 
RAI-3 protein or in mRNA levels. As discussed further 
herein, an RAI-3 polypeptide or peptide is useful for Screen 
ing compounds that affect the activity or function of the 
RAI-3 protein as a target for compounds that are Suitable for 
use in treatments and therapies for COPD or COPD related 
conditions, diseases and disorders. 

0121 Additional evidence that RAI-3 is involved in the 
cellular response to cigarrette Smoke demonstrates that 
RAI-3 is tyrosine phosphorylated in response to cigarette 
Smoke, but not in response to EGF (see FIG. 26A). The 
results also demonstrate that endogenous RAI-3 protein in 
H292 cell lines is tyrosine phosphorylated or associated with 
tyrosine phosphorylated proteins in the H292 cell line in 
response to cigarette Smoke (see FIG. 26B). The blot in 
FIG. 26B is a result of an immunoprecipitation using 
anti-flag antibodies and blotting the gel with an anti-phos 
photyrosine Secondary antibody. 

0.122 Specifically, a transient transfection of a A549 cell 
line with a Flag-RAI-3 construct (described herein) shows 
that an anti-flag immunoprecipitate containing the recom 
binant Flag-RAI-3 protein is tyrosine phosphorylated in 
response a 1 to 3 hour exposure to cigarette Smoke-bubbled 
media, CS-160 (FIG. 26A and FIG. 26B). The blot in FIG. 
26A is a result of an immunoprecipitation using anti-flag 
antibodies and blotting the gel with an anti-flag Secondary 
antibody. CS-160 for 3 hours is equivalent to the dose that 
was used in the initial Proteomics experiments that led to the 
identification of RAI-3 as being a component of a cigarette 
Smoke-induced tyrosine phosphorylated complex. These 
results also show that EGF does not appear to cause tyrosine 
phosphorylation of the recombinant FLAG-RAI-3 protein in 
this experiment. 

0123 The latter results were confirmed to be specific to 
RAI-3 by generating anti-RAI-3 antibodies and repeating 
the blots with the anti-RAI-3 antibody (see FIGS. 27A and 
27B). 
0.124 Rabbit anti-RAI-3 polyclonal antibody was gener 
ated by immunizing mice with an RAI-3 protein antigen 
(MS2-RAI-3 fusion protein as described herein). The rabbit 
RAI-3 antisera was able to recognize a protein of the 
predicted molecular weight of 41 kDa in a lysate of a stable 
Flag-RAI-3 CHO cell line (previously described) when 
immunoprecipitated with an anti-Flag antibody (FIG.27A). 
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The rabbit RAI-3 antisera was able to immunoprecipitate a 
protein the predicted molecular weight from a lysate of a 
stable a stable Flag-RAI-3 CHO cell line and detected with 
an anti-Flag-HRP antibody (FIG. 27B). In addition to 
detecting a protein of the the predicted molecular weight, the 
detection with an anti-Flag antibody of the rabbit RAI-3 
antisera immunoprecipitate of the Flag-RAI-3 CHO cell 
line, showed a Smear of high molecular weight bands. This 
is consistent with the observations that HEK293 extracts 
over-expressing a c-myc-GPRC5B receptor (RAI-3, aka 
GPRC5A, family member) when probed with rabbit anti 
GPRC5B showed, in addition to the expected MW of 68 
kDa, higher molecular weight bands that potentially repre 
sent GPRC5B dimers (at approximatelty 130 kDa) or higher 
molecular weight protein aggregates (Brain Res Mol Brain 
Res. 2002 Oct. 15; 106(1-2): 136-44. Localisation of the 
GPRC5B receptor in the rat brain and spinal cord. Robbins 
MJ, Charles KJ, Harrison DC, Pangalos M. N.). 
0.125 Further confirmation that RAI-3 is a component of 
a cigarette Smoke-induced tyrosine phosphorylated com 
plex, Several additional experiments demonstrated that rab 
bit RAI-3 antisera can immunoprecipitate tyrosine phospho 
rylated proteins in response to exposure cigarette Smoke 
bubbled media (see FIGS. 28A and 28B). H292 lung airway 
epithelial cells were serum-starved for 24 hours and then 
exposed to various dilutions cigarette Smoke-bubbled media 
(FIG. 28A and FIG. 28B) for three hours. The cells were 
lysed and immunoprecipitated with either anti-EGFR anti 
body, rabbit pre-immune antisera or rabbit RAI-3 antisera. 
There was a clear dose response of increasing tyrosine 
phosphorylation with increasing concentrations of cigarette 
Smoke-bubbled media. Comparing the bands in the anti 
EGFR antibody immunoprecipitate to the bands in the rabbit 
RAI-3 antisera immunopreciptate, demonstrated that the 
banding pattern was clearly different between the two anti 
bodies. Although there appear to be Some bands of the same 
MW, it is clear that the banding pattern is different. The -180 
kDa MW band in the anti-EGFR antibody immunoprecipi 
tate is EGFR as determined by blotting with an anti-EGFR 
antibody (data not shown). The band at ~40kDa in the rabbit 
RAI-3 antisera immunopreciptate is believed to be RAI-3, 
although blotting with the rabbit RAI-3 antisera did not give 
clear results in this experiment (data not shown). 
0.126 Additional characterization of the anti-RAI-3 anti 
Sera demonstrated that it can recognize recombinant Flag 
RAI-3 expressed in a stable CHO cell line (see FIG. 29). 
0127 Specifically, polyclonal rabbit antisera, GW7, was 
raised against an almost full length RAI-3 fusion protein 
antigen expressed in bacteria (as discussed herein). A post 
boost #4 bleed of the rabbit antisera, GW7, could recognize 
Flag-RAI-3 expressed in the stable CHO cell line, clone B8, 
by FACs analysis (see FIG.29). The parental CHO line and 
the stable CHO cell line, clone B8, expressing the Flag 
RAI-3 recombinant protein were compared using an HRP 
conjugated anti-FLAG antibody and a post boost #4 bleed of 
the rabbit antisera, GW7. Using the HRP-conjugated anti 
FLAG antibody and gating 100%, the mean signal of the 
parental cell line was 4.82 and the mean Signal of the Stable 
Flag-RAI-3 CHO cell line, clone B8, was 34.97. The anti 
FLAG signal detecting the Flag-RAI-3 protein on the Sur 
face of the stable CHO cell line was 7-fold over background. 
Using the pre-immune antisera from the GW7 rabbit, and 
gating 100%, the mean Signal of the parental cell line was 

Jun. 24, 2004 

8.23 and the mean signal of the stable Flag-RAI-3 CHO cell 
line, B8, was 9.19. Clearly, there was no signal over back 
ground in the rabbit GW7 pre-immune antisera against the 
Flag-RAI-3 CHO cell line, clone B8. Using a post boost #4 
bleed of the rabbit antisera, GW7, and gating 100%, the 
mean Signal of the parental cell line was 68.40 and the mean 
signal of the stable Flag-RAI-3 CHO cell line, clone B8, was 
193.51. Although there appears to be a higher background 
Signal against the parental CHO cell line with the post boost 
#4 bleed of the rabbit antisera, GW7, the signal detecting the 
Flag-RAI-3 protein on the surface of the stable Flag-RAI-3 
CHO cell line, clone B8, was 2.8-fold over background. 
Clearly, the post boost #4 bleed of the rabbit antisera, GW7, 
can detect the Flag-RAI-3 recombinant protein expressed at 
the surface in the Flag-RAI-3 CHO cell line, clone B8. 
0128. Additional results also demonstrate that the RAI-3 
rabbit antisera can recognize endogenous RAI-3 on the 
surface of the airway epithelial cell lines A549 and H292. 
0129. Specifically, the post boost #4 bleed of the rabbit 
antisera, GW7, could recognize endogenous RAI-3 on the 
surface of the airway epithelial cell lines, A549 and H292 by 
FACs analysis (see FIG.30). FACs analysis of the A549 and 
H292 cell lines with no antibody present gave mean Signals 
of 5.40 and 9.32, respectively. FACs analysis of the A549 
and H292 cell lines using the 2 antibody alone gave mean 
signals of 6.01 and 10.47, respectively. FACs analysis of the 
A549 and H292 cell lines using the rabbit GW7 pre-immune 
antisera gave mean signals of 7.58 and 14.70, respectively. 
There was no signal over background in the rabbit GW7 
pre-immune antisera detected on the airway epithelial cell 
lines, A549 and H292. FACs analysis of the A549 and H292 
cell lines using the the post boost #4 bleed of the rabbit 
antisera, GW7, gave mean signals of 50.24 and 115.72, 
respectively. Clearly, there was no signal Overbackground in 
the rabbit GW7 pre-immune antisera detected on the airway 
epithelial cell lines, A549 and H292. The post boost #4 bleed 
of the rabbit antisera, GW7, gave a 6.6-fold increase in 
Signal as compared to the rabbit GW7 pre-immune antisera 
on the A549 cell line. The post boost #4 bleed of the rabbit 
antisera, GW7, gave a 7.8-fold increase in Signal as com 
pared to the rabbit GW7 pre-immune antisera on the H292 
cell line. Comparing the Signals of the post boost #4 bleed 
of the rabbit antisera, GW7, on the A549 and H292 cell line 
shows that the H292 cell line has a 2.3 fold larger signal. 
This correlates well with Affychip data that shows that the 
H292 cell line expresses about twice as much RAI-3 mRNA 
as compared to the A549 cell line (data not shown). 
0.130. In an effort to further assess the role of RAI-3, 
double Stranded RNAi reagents were created to Specifically 
inhibit transcription of the RAI-3 protein. Several experi 
ments were performed to demonstrate that subjecting H292 
cells with siRNA reagents 1864 and 1865 reduced levels of 
endogenopus RAI-3 protein (see FIG.31). When the airway 
epithelial cell line, H292, was transfected with the RAI-3 
siRNA reagent 1864+1865, there were reduced levels of 
endogenous RAI-3 protein expressed at the Surface of the 
cell as detected by FACs analysis using the post boost #4 
bleed of the rabbit RAI-3 antisera, GW7. Transfections of 
the H292 cell line were done in triplicate. FACs analysis of 
control H292 cells that were not transfected had a mean 
Signal of 13.74 when no antibody was added, a mean Signal 
of 64.74 when the pre-immune antisera from the GW7 rabbit 
was added, and mean signal of 357.43 when the post boost 
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#4 bleed of the rabbit RAI-3 antisera, GW7 was added. 
FACs analysis of control H292 cells that were transfected, in 
triplicate, with Lipofectamine 2000 alone without any 
siRNA, had a average mean signal of 401.41 (StDev of 
30.97). FACs analysis of H292 cells that were transfected, in 
triplicate, with the RAI-3 siRNA reagent 1864+1865, had a 
average mean signal of 278.22 (StDev of 47.83). 
0131 Consistent with the association of RAI-3 to the 
incidence of pulmonary disease, and in particular COPD, 
additional experiments were performed that demonstrate 
that H292 cells treated with cigarette-smoke bubble media 
are transfected with RAI-3 siRNA 1864+1865, the levels of 
muc5AC protein in the cell Supernatant is significantly 
reduced when compared to untransfected or control trans 
fected cells. (see FIG. 32). 
0132) Specifically, when the airway epithelial cell line, 
H292, was transfected with the RAI-3 siRNA reagent 1864+ 
1865, there were reduced levels of muc5AC protein in the 
Supernatent as detected by ELISA. H292 cells that were 
untransfected, in triplicate, and exposed to cigarette Smoke 
bubbled media, CS-10, for 72 hours showed an average 
ELISA signal of 0.87 (StDev of 0.044). H292 cells that were 
transfected with Lipofectamine 2000 alone without any 
SiRNA, in triplicate, and exposed to cigarette Smoke bubbled 
media, CS-10, for 72 hours showed an average ELISA signal 
of 0.91 (StDev of 0.082). H292 cells that were transfected 
with with the RAI-3 siRNA reagent 1864+1865, in triplicate, 
and exposed to cigarette Smoke bubbled media, CS-10, for 
72 hours showed an average ELISA signal of 0.206 (StDev 
of 0.063). 
0133. Immunohistochemical assays were also performed 
to further assess the expression pattern of RAI-3 and to 
identify any differential expression patterns in normal com 
pared to diseased lung tissue. Polyclonal anti-RAI-3 antisera 
was generated from rabbits immunized against one of two 
peptides specific to RAI-3 (SEQ ID NO:91 and 92). Con 
sistent with the putative role of RAI-3 in the pathobiology of 
cigarette Smoke-related pulmonary disease, increases in 
Staining were identified in Samples of pulmonary emphy 
Sema and chronic bronchitis when compared to normal 
(disease-free) lungs as evident in the representative samples 
shown in FIGS. 33 and 34. 

0134. In addition, increased staining over normal tissue 
was observed in ulcerative colitis, cerebral infarct, myocar 
dial infarct, diabetic nephropathy, allergic rhinitis, Crohn's 
disease, atherosclerosis and rheumatoid arthritis. These find 
ings Suggest a role for RAI-3 in inflammatory/auto-immune 
disorders outside of the lung in addition to COPD. The most 
noteworthy Staining of malignancies was observed in malig 
nant melanoma in which tumor cells Stained moderately to 
Strongly, and, in one Sample, many moderately to Strongly 
positive tumor-associated lymphocytes were identified. In 
addition, at least faintly positive Staining was identified in 
glioblastoma, pulmonary Small cell undifferentiated carci 
noma, carcinoma of the breast, colon, lung, Ovary, pancreas, 
and prostate, and in non-Hodgkin’s lymphoma. Increased 
Staining was also observed in benign prostatic hyperplasia. 

RAI-3 Nucleic Acid and Variants 

0135) The RAI-3 nucleic acid molecule (SEQ ID NO:2) 
encodes the RAI-3 protein or polypeptide (SEQ ID NO:3) 
that is newly described by this invention as being involved 
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in the development and/or persistence of COPD and COPD 
related diseases, disorders and conditions. Although RAI-3 
has been shown to display Sequence homology to members 
of the G-protein receptor family, this protein has not previ 
ously been shown to be associated with, or linked to, cellular 
exposure to cigarette Smoke, with COPD, or with COPD 
related diseases, disorders and conditions. An RAI-3 nucleic 
acid molecule or an RAI-3 nucleic acid or polynucleotide 
can also refer to fragments and/or degenerate variants of 
nucleic acid Sequences, including naturally occurring Vari 
ants or mutant alleles thereof. Such fragments include, for 
example, nucleic acid Sequences that encode portions of the 
RAI-3 protein that correspond to functional domains of the 
protein. In particular, an RAI-3 fragment, or peptide, as 
determined by the proteomics methods of the present inven 
tion is further embraced by the present invention. More 
Specifically an RAI-3 fragment of the present invention 
comprises a nucleic acid Sequence of at least 42 nucleotides 
in length encoding an amino acid Sequence having at least 14 
amino acids in length, for example, the polynucleotide 
provided in SEQ ID NO:1. 

0.136. In preferred embodiments, the present invention 
encompasses a polynucleotide lacking including the initiat 
ing Start codon, in addition to, the resulting encoded 
polypeptide of RAI-3. Specifically, the present invention 
encompasses the polynucleotide corresponding to nucle 
otides 251 thru 1324 of SEQ ID NO:2, and the polypeptide 
corresponding to amino acids 1 thru 357 of SEQ ID NO:3. 
Also encompassed are recombinant vectors comprising said 
encoding Sequence, and host cells comprising Said vector. 

0.137 In preferred embodiments, the present invention 
encompasses a polynucleotide lacking the initiating Start 
codon, in addition to, the resulting encoded polypeptide of 
RAI-3. Specifically, the present invention encompasses the 
polynucleotide corresponding to nucleotides 254 thru 1324 
of SEQ ID NO:2, and the polypeptide corresponding to 
amino acids 2 thru 357 of SEQID NO:3. Also encompassed 
are recombinant vectors comprising Said encoding Sequence, 
and host cells comprising Said vector. 
0.138 Although RAI-3 displays sequence and structural 
homology to members of the GPCR family of proteins 
(Table 2), as known in the art, it is also known in the art that 
proteins displaying Such homologies can have significant 
differences in function, activity and molecular interactions 
within the cell, as well as differences in tissue expression. AS 
Such, it is acknowledged in the art that nucleic acid mol 
ecules and the proteins encoded by those molecules Sharing 
these homologies can Still represent diverse, distinct and 
unique nucleic acids and proteins, respectively. 

0.139. An RAI-3 nucleic acid molecule as described 
herein can comprise the following sequences: (a) the DNA 
sequence of RAI-3 as shown in FIGS. 10A and 10B and 
11B and 11C, and SEQ ID NO:2; (b) any nucleic acid 
Sequence that encodes the amino acid Sequence of RAI-3 of 
SEQ ID NO:3 and FIGS. 11A-11C; (c) any nucleic acid 
Sequence that hybridizes to the complement of nucleic acid 
Sequence that encodes the amino acid Sequence of SEQ ID 
NO:3, or FIGS. 11A-11C under highly stringent conditions, 
e.g., hybridization to filter-bound DNA in 0.5 M NaHPO, 
7% sodium dodecyl sulfate (SDS), 1 mM EDTA at 65° C., 
and washing in 0.1xSSC/0.1% SDS at 68°C. (see, e.g., F. M. 
Ausubel et al., eds., 1989, Current Protocols in Molecular 
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Biology, Vol. I, Green Publishing Associates, Inc., and John 
Wiley & Sons, Inc., New York, at p. 2.10.3); or (d) any 
nucleic acid Sequence that hybridizes to the complement of 
the nucleic acid Sequences that encode the amino acid 
sequence of SEQ ID NO:3 or FIGS. 11A-11C under less 
Stringent conditions, Such as moderately Stringent condi 
tions, e.g., washing in 0.2xSSC/0.1% SDS at 42° C. (F. M. 
Ausubel et al., 1989, Supra), and which encodes a gene 
product functionally equivalent to an RAI-3 gene product 
encoded by the nucleic acid sequence depicted in FIGS. 10A 
and 10B and 11B and 11C (SEQ ID NO:2). “Functionally 
equivalent” as used herein refers to any protein capable of 
exhibiting a substantially similar in vivo or in vitro activity 
as the RAI-3 gene product encoded by the RAI-3 nucleic 
acid molecule described herein, e.g., modulation of Second 
messenger molecules involved in COPD or related diseases 
and conditions, or direct causative effects associated with 
COPD or related diseases and conditions. 

0140 AS used herein, the term “RAI-3 nucleic acid 
molecule' or “RAI-3 nucleic acid” can also refer to frag 
ments and/or degenerate variants of the nucleic acid 
Sequences of (a) through (d) above, including naturally 
occurring variants or mutant alleles thereof. Such fragments 
include, for example, nucleic acid Sequences that encode 
portions of the RAI-3 protein that correspond to functional 
domains of the protein. In addition, RAI-3 nucleic acid 
molecules can include isolated nucleic acids, preferably 
DNA molecules, that hybridize under highly stringent or 
moderately stringent hybridization conditions to at least 
about 6, preferably at least about 12, more preferably at least 
about 18, and most preferably about 42 consecutive nucle 
otides of the nucleic acid Sequences of (a) through (d), as 
described above. 

0.141. The terms “stringent conditions” or “stringency” 
refer to the conditions for hybridization as defined by 
nucleic acid composition, Salt, and temperature. These con 
ditions are well known in the art and may be altered to 
identify and/or detect identical or related polynucleotide 
Sequences in a Sample. A variety of equivalent conditions 
comprising either low, moderate, or high Stringency depend 
on factorS Such as the length and nature of the Sequence 
(DNA, RNA, base composition), reaction milieu (in solution 
or immobilized on a Solid Substrate), nature of the target 
nucleic acid (DNA, RNA, base composition), concentration 
of Salts and the presence or absence of other reaction 
components (for example, formamide, dextran Sulfate and/ 
or polyethylene glycol) and reaction temperature (within a 
range of from about 5 C. below the melting temperature of 
the probe to about 20 C.-25 C. below the melting tem 
perature). One or more factors may be varied to generate 
conditions, either low or high Stringency that are different 
from, but equivalent to, the aforementioned conditions. 
0142. As will be understood by those of skill in the art, 
the Stringency of hybridization can be altered in order to 
identify or detect identical or related polynucleotide 
Sequences. AS will be further appreciated by the skilled 
practitioner, the melting temperature, T, can be approxi 
mated by the formulas that are well known in the art, 
depending on a number of parameters, Such as the length of 
the hybrid or probe in number of nucleotides, or hybridiza 
tion buffer ingredients and conditions (see, for example, T. 
Maniatis et al., Molecular Cloning. A Laboratory Manual, 
Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 
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1982; J. Sambrook et al., Molecular Cloning. A Laboratory 
Manual, Cold Spring Harbor Laboratory, Cold Spring Har 
bor, N.Y., 1989, Current Protocols in Molecular Biology, 
Eds. F. M. Ausubel et al., Vol. 1, “Preparation and Analysis 
of DNA”, John Wiley and Sons, Inc., 1994-1995, Suppls. 26, 
29, 35 and 42; pp. 2.10.7-2.10.16; G. M. Wahl and S. L. 
Berger, 1987, Methods Enzymol. 152:399-407; and A. R. 
Kimmel, 1987; Methods of Enzymol. 152:507-511). 
0.143 As a general guide, T decreases approximately 1 
C.-1.5 C. with every 1% decrease in sequence homology in 
an aqueous Solution containing 100 mM NaCl. Also, in 
general, the Stability of a hybrid is a function of ionic 
Strength and temperature. Typically, the hybridization reac 
tion is initially performed under conditions of low Strin 
gency, followed by washes of varying, but higher Stringency. 
Reference to hybridization Stringency, for example, high, 
moderate, or low Stringency, typically relates to Such wash 
ing conditions. It is to be understood that the low, moderate 
and high Stringency hybridization or Washing conditions can 
be varied using a variety of ingredients, buffers and tem 
peratures well known to and practiced by the Skilled artisan. 

0144. RAI-3 nucleic acid molecules can also include 
nucleic acids, preferably DNA molecules, that hybridize to, 
and are therefore complements of, the nucleic acid 
Sequences of (a) through (d), as set forth above. Such 
hybridization conditions may be highly Stringent or moder 
ately Stringent, as described above. In those instances in 
which the nucleic acid molecules are deoxyoligonucleotides 
("oligos'), highly Stringent conditions may include, e.g., 
washing in 6xSSC/0.05% sodium pyrophosphate at 37 C. 
(for 14-base oligos), 48 C. (for 17-base oligos), 55° C. (for 
20-base oligos), and 60° C. (for 23-base oligos). 
0145 AS will be discussed further below, the nucleic acid 
molecules of the invention can encode or act as RAI-3 
antisense molecules useful, for example, in RAI-3 gene 
regulation or as antisense primers in amplification reactions 
of RAI-3 nucleic acid Sequences. Further, Such Sequences 
can be used as part of ribozyme and/or triple helix 
Sequences, also useful for RAI-3 gene regulation. Still 
further, Such molecules can be used as components of 
diagnostic methods whereby, for example, the presence of a 
particular RAI-3 allele or alternatively-spliced RAI-3 tran 
Script responsible for causing or predisposing one to COPD, 
or to a disorder or condition related to COPD can be 
detected. 

0146 Moreover, due to the degeneracy of the genetic 
code, other DNA sequences that encode Substantially the 
amino acid Sequence of RAI-3 can be used in the practice of 
the present invention, e.g., for the cloning and expression of 
RAI-3 polypeptides. Such DNA sequences include those 
that are capable of hybridizing to RAI-3 nucleic acid under 
Stringent (high or moderate) conditions, or that would be 
capable of hybridizing under Stringent conditions but for the 
degeneracy of the genetic code. Typically, RAI-3 nucleic 
acids should exhibit at least about 80% overall sequence 
homology at the nucleotide level, more preferably at least 
about 85-90% overall homology and most preferably at least 
about 95% overall homology to the nucleic acid sequence of 
FIGS. 10A/10B and SEQ ID NO:2 (e.g., as determined by 
the CLUSTALW algorithm using default parameters (J. D. 
Thompson et al., 1994, Nucleic Acids Research, 2022):4673 
4680). 
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0147 Alternatively, the RAI-3 polypeptide should 
exhibit at least about 80%, 85%, 90%, 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 
99.4%, 99.5%, 99.6%, 99.7%, 99.8%, or 99.9% overall 
homology to the RAI-3 amino acid Sequence as depicted in 
FIGS. 11A-C and in SEQ ID NO:3 (e.g., as determined by 
the CLUSTALW algorithm using default parameters (J. D. 
Thompson et al., 1994, Nucleic Acids Research, 2(22):4673 
4680). 
0148 Those having skill in the art will know how to 
determine percent identity between/among Sequences using, 
for example, algorithms. Such as those used in the GAP 
computer program (S. B. Needleman and C. D. Wunsch, 
1970, “A general method applicable to the search for simi 
larities in the amino acid Sequence of two proteins”, J. Mol. 
Biol, 48(3):443-53) or based on the CLUSTALW computer 
program, mentioned above, or FASTDB, (Brutlag et al., 
1990, Comp. App. BioSci., 6:237-245). Although the 
FASTDB algorithm typically does not consider internal 
non-matching deletions or additions in Sequences, i.e., gaps, 
in its calculation, this can be corrected manually to avoid an 
overestimation of the % identity. GAP and CLUSTALW. 
however, do take Sequence gaps into account in their identity 
calculations. 

0149. Also available to those having skill in this art are 
the BLAST and BLAST 2.0 algorithms (Altschul et al., 
1977, Nuc. Acids Res., 25:3389-3402 and Altschul et al., 
1990, J. Mol, Biol., 215:403-410). The BLASTN program 
for nucleic acid sequences uses as defaults a wordlength (W) 
of 11, an expectation (E) of 10, M=5, N=4, and a comparison 
of both strands. For amino acid sequences, the BLASTP 
program uses as defaults a wordlength (W) of 3, and an 
expectation (E) of 10. The BLOSUM62 scoring matrix 
(Henikoff & Henikoff, 1989, Proc. Natl. Acad. Sci., USA, 
89:10915) uses alignments (B) of 50, expectation (E) of 10, 
M=5, N=4, and a comparison of both strands. 

0150. Altered RAI-3 nucleic acid sequences that can be 
used in accordance with the invention include deletions, 
additions or Substitutions of different nucleotide residues 
resulting in a modified nucleic acid molecule, i.e., mutated 
or truncated, that encodes the same or a functionally equiva 
lent RAI-3 gene product. The gene product itself may 
contain deletions, additions or Substitutions of amino acid 
residues within the RAI-3 protein Sequence, which result in 
a Silent change, thus producing a functionally equivalent 
RAI-3 polypeptide. Such amino acid substitutions may be 
made on the basis of Similarity in polarity, charge, Solubility, 
hydrophobicity, hydrophilicity, and/or the amphipatic nature 
of the residues involved. For example, negatively-charged 
amino acids include aspartic acid and glutamic acid; posi 
tively-charged amino acids include lysine, arginine and 
histidine, amino acids with uncharged polar head groups 
having Similar hydrophilicity values include the following: 
leucine, isoleucine, Valine, glycine, alanine, asparagine, 
glutamine, Serine, threonine, phenylalanine, tyrosine. A 
functionally equivalent RAI-3 polypeptide can include a 
polypeptide which displays the same type of biological 
activity (e.g., COPD related expression and/or modification) 
as the native RAI-3 protein, but not necessarily to the same 
eXtent. 

0151. The RAI-3 nucleic acid molecule or RAI-3 poly 
nucleotide Sequences can be engineered in order to alter the 
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RAI-3 coding Sequence for a variety of reasons, including 
but not limited to, alterations that modify processing and 
expression of the gene product. For example, mutations may 
be introduced using techniques which are well known in the 
art, e.g., Site-directed mutagenesis, to insert new restriction 
Sites, to alter glycosylation patterns, phosphorylation, etc. 
For example, in certain expression Systems Such as yeast, 
host cells may over-glycosylate the gene product. When 
using Such expression Systems, it may be preferable to alter 
the RAI-3 coding Sequence to eliminate any N-linked gly 
cosylation sites. 

0152. In another embodiment, an RAI-3 nucleic acid 
Sequence, e.g., a modified RAI-3 nucleic acid, can be ligated 
to a heterologous protein-encoding Sequence to encode a 
fusion protein. Preferably, the RAI-3 nucleic acid that 
encodes a polypeptide with an activity of an RAI-3 protein, 
or a fragment thereof, is linked, uninterrupted by Stop 
codons and in frame, to a nucleotide Sequence that encodes 
a heterologous protein or peptide. The fusion protein can be 
engineered to contain a cleavage Site, located between the 
RAI-3 Sequence and the heterologous protein Sequence, So 
that the RAI-3 protein can be cleaved away from the 
heterologous moiety. Nucleic acid Sequences encoding 
fusion proteins can include full length RAI-3 coding 
Sequence, Sequences encoding truncated RAI-3, Sequences 
encoding mutated RAI-3, or Sequences encoding peptide 
fragments of RAI-3. The RAI-3 nucleic acid molecules can 
also be used as hybridization probes for obtaining RAI-3 
cDNAS or genomic RAI-3 DNA. In addition, RAI-3 nucleic 
acids can be used as primers in PCR amplification methods 
to isolate RAI-3 cDNAS and genomic DNA, e.g., from other 
Species. 

0153. The RAI-3 gene sequence can also used to isolate 
mutant or variant RAI-3 gene alleles. Such mutant or variant 
alleles can be isolated from individuals either known or 
proposed to have a genotype related to COPD, COPD 
susceptibility, or COPD related disorders, conditions, or 
dysfunctions. Mutant or variant alleles and mutant or variant 
allele gene products can then be used in the Screening, 
therapeutic and diagnostic Systems described herein. In 
addition, Such RAI-3 gene Sequences can be used to detect 
RAI-3 gene regulatory (e.g., promoter) defects which can 
affect COPD or COPD related disorders. 

0154). Single nucleotide polymorphisms (SNPs) within 
the coding region of the human RAI-3 Sequence are encom 
passed and described herein. Both non-synonymous and 
synonymous SNPs are included. Several SNPs are provided 
as follows: 

0155. Non-Synonymous SNPs in Human RAI-3: 

0156] 1) AA118: Ser/Gly (base A/G, wherein “A” 
represents the wild-type or reference RAI-3 nucle 
otide and “G” represents the variant or polymorphic 
nucleotide in the RAI-3 sequence) and 

O157 2) AA307: Gln/Arg (base A/G). 
0158 Synonymous SNPs in Human RAI-3: 

0159) 1) AA37: Ala/Ala (base C/T) and 
0160) 2) AA286: Pro/Pro (base T/C). 

0161 The Ser118Gly SNP is located in the second cyto 
plasmic domain of the RAI-3 polypeptide Sequence; 
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Thr182Ala is located in the fifth transmembrane (TM5) 
domain of RAI-3; and Gln307Arg is located in the cyto 
plasmic tail. 
0162 FIG. 13 shows a multiple sequence alignment 
containing the human RAI-3 amino acid Sequence identify 
ing the non-synonymous SNPs in the RAI-3 coding region. 
Accordingly, an RAI-3 variant comprising a non-Synony 
mous SNP at amino acid position 118 in the RAI-3 amino 
acid sequence is set forth in SEQ ID NO:8. All other 
sequences are as described for FIG. 12. An RAI-3 variant 
comprising a non-Synonymous SNP at amino acid position 
307 in the RAI-3 amino acid sequence is set forth in SEQ ID 
NO:9. Further, an RAI-3 variant comprising a synonymous 
SNP at amino acid position 37 in the RAI-3 amino acid 
sequence is set forth in SEQ ID NO:20; and an RAI-3 
variant comprising a Synonymous SNP at amino acid posi 
tion 286 in the RAI-3 amino acid sequence is set forth in 
SEO ID NO:21. 

0163 The S/Gamino acid variation at position 118 of the 
human RAI-3 amino acid Sequence, resulting from the a/g 
SNP at position 605 of the RAI-3 nucleic acid sequence, is 
present in the intracellular loop between the third and fourth 
transmembrane domains (TMs 3 and 4). This intracellular 
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The C-terminus of GPCRs is typically associated with 
functions Such as Signal transduction and receptor traffick 
ing. This residue is conserved in both human and mouse 
RAI-3 sequences (See FIG. 19B). The SNP in human RAI-3 
is non-Synonymous and it changes the residue at amino acid 
position 307 in the Sequence from Glutamine (Q) to Arginine 
(R). This polymorphic variation might have functional 
effects on the Signal transduction pathway or on the traf 
ficking of the RAI-3 receptor protein. 

0165 SNPs that were identified in the RAI-3 coding 
sequence (e.g., RAI-3-S2, RAI-3-S6, RAI-3-s8 and RAI-3- 
s9) are set forth in Table 3. The columns of the Table provide 
(i) a flanking sequence of contiguous nucleotides within the 
RAI-3 nucleic acid sequence of SEQ ID NO:2 in which the 
wild-type RAI-3 nucleotide is in bold; (ii) the SNP-contain 
ing RAI-3 Sequence of contiguous nucleotides within the 
RAI-3 nucleic acid sequence of SEQ ID NO:2 in which the 
SNP nucleotide is in bold and underlined; (iii) a listing of the 
base change of the wild-type base versus the SNP base; and 
a description of the location of the SNP (in FIGS. 25A-25C 
and SEQID NO:2). The corresponding SEQ ID NOS of the 
RAI-3 reference and SNP-containing nucleic acid Sequences 
are shown below each Sequence. 

TABLE 3 

Location 
(FIGS. 
25A-C); 
(SEQ ID 

SNP # RAI-3 Flanking Sequence RAI-3 SNP-containing sequence Base change NO: 2) 

RAI-3-S2 5'-ctagaaacgg tggccacage 5'-ctagaaacgg tggecacage cft BP 364 
cggggttgtg accteggtgg-3' tggggttgttg accteggtgg-3 
(SEQ ID NO: 22) (SEQ ID NO. 23) 

RAI-3-sé 5'-tgcctgctgg ctcatgctgt 5'-tgcctgctgg ctcatgctgt afg BP 605 
cagtctgacc aagctcgtCc cggtctgace aagctegtcc gggg-3 
gggg-3 (SEQ ID NO: 25) 
(SEQ ID NO: 24) 

RAI-3-s8 5'-tcctgttgag gatgctttct 5'-tectgttgag gatgctttct tfc BP 1111 
gtaaacctica acticgtgaag gtaaaccc.ca acticgtgaag 
aagagctatg-3' aagagctatg-3 
(SEQ ID NO: 26) (SEQ ID NO: 27) 

RAI-3-s9 5'-tcteaagagg aaatcactica 5'-tetcaagagg aaatcacteg afg BP 1173 
aggttittgaa gagacagggg-3' 
(SEQ ID NO: 28) 

loop is functionally associated with G-protein coupling. The 
amino acid corresponding to this position is conserved in 
RAI-3 sequences from non-human species and also in 
human and mouse GPCR5D, a closely related sequence. 
(See FIG. 19A). In human RAI-3, the position 118 amino 
acid residue is a Serine (S), a hydrophilic residue. In the 
other sequences listed in the alignment shown in FIG. 19A, 
the amino acid at this position is an Asparagine (N), a basic 
residue. The non-synonymous SNP at position 118 in the 
human RAI-3 amino acid Sequence corresponds to Glycine 
(G), which is neither as hydrophilic as Serine, nor as basic 
as Asparagine. Since this residue is present in the intracel 
lular loop, any change in the hydrophilicity could have an 
effect on G-protein coupling. 

0164. This Q/R amino acid variation at position 307 of 
the human RAI-3 amino acid Sequence, resulting from the 
a/g SNP at position 1173 of the RAI-3 nucleic acid sequence, 
is present in the C-terminus cytoplasmic tail of the protein. 

aggttittgaa gagacagggg-3 
(SEQ ID NO: 29) 

0166 In a related embodiment, the present invention 
relates to RAI-3 SNP discovery by DNA sequencing (e.g., 
Example 7). In this preferred aspect of the invention, the 10 
RAI-3 nucleic acid (gene) sequence was examined in 48 
individuals, in which the coding region of the RAI-3 gene 
containing four exons was analyzed. The DNA analyzed 
comprised 36 Caucasian DNA samples from the Coriell Cell 
Repositories (Collingswood, N.J.), and as further described 
herein. Six SNPs were identified, including one missense 
SNP, as presented in Table 4. 

TABLE 4 

Nucleotide AA 
SNP ID Location Position Position Nature Comments 

RAI-3-S1 EXON1 112 5' UTR 
RAI-3-s7 INTRON1 intron 
RAI-3-S2 EXON2 364 37 silent (Ala/Ala) 
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TABLE 4-continued 

Nucleotide AA 
SNP ID Location Position Position Nature Comments 

RA-3-S3. EXON2 511 86 silent (Ile/Ile) 
RA-3-S4 EXON2 523 90 silent 

(Asp/Asp) 
RAI-3-SS EXON2 797 182 missense missense 

(Thr/Ala) 

0167. The RAI-3 SNPs as provided above, either alone or 
in combination, are useful as diagnostic tools, e.g., nucleic 
acid probes provided in a kit, for identifying individuals who 
are at risk for, or who are susceptible to, developing COPD 
or COPD related disorders, by way of nonlimiting example. 
0168 A cDNA of a mutant RAI-3 gene can be isolated, 
for example, by using PCR, a technique that is well known 
to those of skill in the art (see, e.g., U.S. Pat. No. 4,683.202). 
The first cDNA strand may be synthesized by hybridizing an 
oligo-dT oligonucleotide to mRNA isolated from tissue 
known or Suspected to be expressed in an individual puta 
tively carrying the mutant RAI-3allele, and by extending the 
new Strand with reverse transcriptase. The Second Strand of 
the cDNA is then Synthesized using an oligonucleotide that 
hybridizes specifically to the 5' end of the normal gene. 
Using these two primers, the product is then amplified via 
PCR, cloned into a suitable vector, and subjected to DNA 
Sequence analysis through methods well known in the art. 
By comparing the DNA sequence of the mutant RAI-3 allele 
to that of the normal RAI-3 allele, the mutation(s) respon 
sible for the loss or alteration of function of the mutant 
RAI-3 gene product can be ascertained. 
0169. Alternatively, a genomic library can be constructed 
using DNA obtained from an individual suspected of or 
known to carry the mutant RAI-3 allele, or a cDNA library 
can be constructed using RNA from tissue known, or SuS 
pected, to express the mutant RAI-3 allele. The normal 
RAI-3 gene, or any Suitable fragment thereof, can then be 
labeled and used as a probe to identify the corresponding 
mutant RAI-3 allele in Such libraries. Clones containing 
mutant RAI-3 gene Sequences can then be purified and 
Subjected to Sequence analysis according to methods well 
known in the art. 

0170 In another aspect, an expression library can be 
constructed utilizing cDNA Synthesized from, for example, 
RNA isolated from a tissue known or Suspected to express 
a mutant RAI-3 allele in an individual suspected of or known 
to carry Such a mutant allele. Gene products made by the 
putatively mutant tissue can be expressed and Screened 
using Standard antibody Screening techniques in conjunction 
with antibodies raised against the normal RAI-3 gene prod 
uct. For Screening techniques, See, for example, Harlow, E. 
and Lane, eds., 1988, Antibodies. A Laboratory Manual, 
Cold Spring Harbor Press, Cold Spring Harbor. 
0171 In cases in which an RAI-3 mutation results in an 
expressed gene product with altered function (e.g., as a 
result of a missense or a frameshift mutation), a polyclonal 
Set of anti-RAI-3 gene product antibodies are likely to 
croSS-react with the mutant RAI-3 gene product. Library 
clones detected via their reaction with Such labeled antibod 
ies can be purified and Subjected to Sequence analysis 
according to methods well known to those of Skill in the art. 
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0172 Alternatively, the coding sequence of RAI-3 can be 
Synthesized in whole or in part, using chemical methods well 
known in the art, based on the nucleic acid and/or amino acid 
Sequences of the RAI-3 gene and protein, respectively. (See, 
for example, Caruthers et al., 1980, Nuc. Acids Res. Symp. 
Ser, 7: 215-233; Crea and Horn, 1980, Nuc. Acids Res., 
9(10): 2331; Matteucci and Caruthers, 1980, Tetrahedron 
Letters, 21: 719; and Chow and Kempe, 1981, Nuc. Acids 
Res., 9(12): 2807-2817). The invention encompasses (a) 
DNA vectors that contain any of the foregoing RAI-3 
nucleic acids and/or their complements; (b) DNA expression 
vectors that contain any of the foregoing RAI-3 coding 
Sequences operatively associated with a regulatory element 
that directs the expression of the coding sequences; and (c) 
genetically engineered host cells that contain any of the 
foregoing RAI-3 coding Sequences operatively associated 
with a regulatory element that directs the expression of the 
coding Sequences in the host cell. AS used herein, regulatory 
elements include, but are not limited to, inducible and 
non-inducible promoters, enhancers, operators and other 
elements that drive and regulate expression, as known to 
those skilled in the art. Nonlimiting examples of Such 
regulatory elements include the cytomegalovirus hCMV 
immediate early gene, the early or late promoters of SV40 
adenovirus, the lac System, the trp System, the TAC System, 
the TRC System, the major operator and promoter regions of 
phage A, the control regions of fall coat protein, the promoter 
for 3-phosphoglycerate kinase, the promoters of acid phos 
phatase, and the promoters of the yeast C.-mating factors. 

0173 The invention further relates to nucleic acid ana 
logs, including but not limited to, peptide nucleic acid 
analogues, equivalent to the nucleic acid molecules 
described herein. “Equivalent” as used in this context refers 
to nucleic acid analogs that have the same primary base 
Sequence as the RAI-3 nucleic acid molecules described 
above. Nucleic acid analogs and methods for the Synthesis 
of nucleic acid analogs are well known to those of skill in the 
art. (See, e.g., Egholm, M. et al., 1993, Nature, 365:566-568; 
and Perry-O'Keefe, H. et al., 1996, Proc. Natl. Acad. USA, 
93:14670-14675). 

Modulation of RAI-3: Methods, Compounds and 
Compositions Related Thereto 

0.174. In another embodiment, modulators of RAI-3 are 
particularly embraced by the present invention. Modulators 
can include any molecule, e.g., protein, peptide, oligopep 
tide, Small organic molecule, chemical compound, polysac 
charide, polynucleotide, etc., having the capability to 
directly or indirectly alter or modify the activity or function 
of the RAI-3 polypeptide. Candidate modulatory agents or 
compounds or materials can also encompass numerous 
chemical classes, though typically they are organic mol 
ecules, preferably Small organic compounds, for example, 
without limitation, those having a molecular weight of more 
than 100 and less than about 10,000 daltons, preferably, less 
than about 2000 to 5000 daltons. Candidate modulatory 
compounds can comprise functional groups necessary for 
Structural interaction with proteins, particularly hydrogen 
bonding, and typically include at least an amine, carbonyl, 
hydroxyl or carboxyl group, preferably at least two of the 
functional chemical groups. The candidate compounds often 
comprise cyclical carbon or heterocyclic Structures and/or 
aromatic or polyaromatic Structures Substituted with one or 
more of the above functional groups. Candidate compounds 
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are also found among biomolecules including peptides, 
Saccharides, fatty acids, Steroids, purines, pyrimidines, 
derivatives, Structural analogs or combinations thereof. 
0175 Modulatory agents or compounds can be obtained 
from a wide variety of Sources including libraries of Syn 
thetic or natural compounds. For example, numerous means 
are available for random and directed Synthesis of a wide 
variety of organic compounds and biomolecules, including 
expression of randomized oligonucleotides. Alternatively, 
libraries of natural compounds in the form of bacterial, 
fungal, plant and animal extracts are available or readily 
produced. In addition, natural or Synthetically produced 
libraries and compounds are readily modified through con 
ventional chemical, physical and biochemical means. 
Known pharmacological agents can also be Subjected to 
directed or random chemical modifications, Such as acyla 
tion, alkylation, esterification, amidification to produce 
Structural analogs. 

0176 Modulators of RAI-3 as embraced by this invention 
can be antagonists, Suppressors, inhibitors, or blockers of 
RAI-3, as Such modulators can be efficacious in affecting 
Smoke-induced activation and in reducing the Symptoms 
underlying COPD. An antagonist is typically a molecule 
which, when bound to, or associated with, RAI-3 polypep 
tide, or a functional fragment thereof, decreases or inhibits 
the amount or duration of the biological or immunological 
activity of the RAI-3 polypeptide. Antagonists can include 
proteins, nucleic acids, carbohydrates, antibodies, or any 
other molecules that decrease or reduce the effect of an 
RAI-3 polypeptide. Antagonists typically, diminish, inhibit, 
block, decrease, reduce, SuppreSS, or abolish the function or 
activity of an RAI-3 molecule. More specifically, modula 
tors of RAI-3 can be efficacious in treating, ameliorating, or 
preventing chronic bronchitis, emphysema, the Symptoms of 
chronic bronchitis, the Symptoms of emphysema, in addition 
to increasing maximal expiratory flow of the lungs, increas 
ing forced emptying of the lungs, increasing airflow of the 
lungs when used in conjunction with a bronchodilator, 
decreasing enlargement of the air Spaces distal to the termi 
nal bronchioles, decreasing bronchial Secretions, decreasing 
mucus Secretion in the lung, decreasing hypertrophy of the 
glandular elements of the bronchial mucosa, decreasing the 
level of elastase released into the lungs, increasing the level 
of alpha-1 antitrypsin (AAT) in the lungs, increasing the 
effectiveness of alpha-1 antitrypsin in the lungs in protecting 
the lung from elastase-dependent damage, and/or decreasing 
the number of inflammatory cells into the lungs. Indeed, 
since RAI-3 either directly or indirectly can affect mucus 
production, modulators of RAI-3 find utility in the treat 
ment, amelioration, therapy, and/or prevention of cystic 
fibrosis. 

0177. In addition, modulators such as agonists or enhanc 
ers of RAI-3 function or activity are embraced by the present 
invention, particularly, for an RAI-3 target that is part of a 
reparative, reversing, and/or protective mechanism, which is 
induced following the exposure of cells to Smoke, Such as 
cigarette Smoke, for example. Agonists typically are mol 
ecules which, when bound to, or associated with, an RAI-3 
polypeptide, or a functional fragment thereof, increase, 
enhance, or prolong the duration of the effect of the RAI-3 
polypeptide. Agonists may include proteins, peptides, 
nucleic acids, carbohydrates, or any other molecules that 
bind to and modulate the effect of the RAI-3 polypeptide. 
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Agonists typically enhance, increase, or augment the func 
tion or activity of an RAI-3 molecule. AS Such, an agonist 
compound may be efficacious in enhancing the protective 
mechanism of RAI-3 in alleviating the symptoms of COPD. 
Another embodiment of the present invention encompasses 
Screening methods and assays for the identification of com 
pounds that modulate the expression of RAI-3 nucleic acid 
and/or the activity of the RAI-3 polypeptide or peptides of 
the invention, e.g., assays that measure RAI-3 mRNA and/or 
RAI-3 gene product levels, or assays that measure levels of 
RAI-3 activity, such as the ability of the RAI-3 protein, or 
modulators thereof, to regulate or modulate Second messen 
gers or other molecules, Such as E-Selectin, or a component 
of the NF-kB pathway, such as IKB. 

0.178 In an embodiment of this invention, cellular and 
non-cellular assays can be used to identify compounds that 
interact with the RAI-3 gene and/or gene product, e.g., 
modulate the activity of the gene and/or bind to the gene 
product. Such cell-based assays are generally known, and in 
terms of the present invention, utilize cells, cell lines, or 
engineered cells or cell lines that express the RAI-3 gene 
product or RAI-3 peptide products. Illustratively, Such meth 
ods comprise contacting a cell with a compound or agent 
that expresses an RAI-3 nucleic acid Sequence, e.g., the 
RAI-3 gene, measuring the level of gene expression, gene 
product expression, or gene product activity, and comparing 
this level to the level of RAI-3 gene expression, gene 
product expression, or gene product activity produced by the 
cell in the absence of the compound or agent, Such that if the 
level obtained in the presence of the compound differs from 
that obtained in its absence, a compound that modulates the 
expression of the RAI-3 gene and/or the Synthesis, function, 
or activity of the gene product has been identified. Such 
assays can comprise Subjecting the appropriate RAI-3-ex 
pressing cells to cigarette Smoke in the presence of a 
candidate compound or agent to determine if the compound 
or agent prevents modification, e.g., phosphorylation, of 
RAI-3 in the cells, or complexation of RAI-3 with other 
proteins, following cigarette Smoke treatment or cells, rela 
tive to control cells. A compound or agent that prevents 
phosphorylation of RAI-3, or its complexation with other 
cellular proteins, in the Smoke-treated cells, relative to 
control cells, is identified as one which modulates the 
activity or function of RAI-3 in response to Smoke exposure. 

0179 Screening assays and methods also comprise 
administering a compound or agent to a host organism, e.g., 
a transgenic animal that expresses a RAI-3 transgene or a 
mutant RAI-3 transgene, and measuring the level of RAI-3 
gene (or nucleic acid) expression, gene product expression, 
or gene product activity. The measured expression level is 
compared to the level of RAI-3 gene expression, gene 
product expression, or gene product activity in a host that is 
not exposed to the compound or agent, Such that if the level 
obtained when the host is exposed to the compound or agent 
differs from that obtained when the host is not exposed to the 
compound, a compound or agent that modulates the expres 
sion of the RAI-3 gene and/or the synthesis or activity of the 
RAI-3 gene products has been identified. In addition, the 
host organism harboring the RAI-3 gene and expressing 
RAI-3 protein can be exposed to cigarette Smoke prior to 
performing the Screening assays, e.g., employing lung cells 
or tissue. 
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0180. The compounds identified by these methods 
include therapeutic compounds that can comprise pharma 
ceutical compositions and formulations to reduce or elimi 
nate the symptoms or effects of COPD or COPD related 
disorders and conditions. Pharmaceutical formulations Suit 
able for the treatment of COPD or COPD related disorders 
comprise at least one compound that inhibits or activates 
RAI-3 activity, in combination with a pharmaceutically 
acceptable carrier, diluent or excipient as further described 
herein. 

0181. In another embodiment, the present invention fur 
ther provides a method of identifying a compound that 
modulates the biological activity of RAI-3, comprising (a) 
combining a candidate modulator compound with RAI-3 
having the polypeptide Sequence as Set forth in SEQ ID 
NO:3, or with an RAI-3 peptide; and measuring an effect of 
the candidate modulator compound on the activity of RAI-3, 
or, if appropriate, on the activity of the RAI-3 peptide. 
0182. In view of the involvement of RAI-3 in the regu 
lation of Second messengers and cellular molecules, Such as 
IKB and E-Selectin, another embodiment of this invention 
further provides a method of identifying a compound that 
modulates the biological activity of an RAI-3 regulated or 
modified Second messenger, cellular molecule, or a pathway 
or System that is associated with the RAI-3 regulated or 
modified Second messenger. For example, the method com 
prises combining a candidate modulator compound with a 
host cell expressing RAI-3 (e.g., the RAI-3 amino acid 
sequence as set forth in SEQ ID NO:3, or fragments or 
portions thereof); and (b) measuring an effect of the candi 
date modulator compound on the activity of the expressed 
RAI-3, and/or on the RAI-3 regulated or modified second 
messenger or cellular molecule, e.g., IKB. 
0183 The invention further relates to a method of iden 
tifying a compound that modulates the biological activity of 
RAI-3. Such a compound can be used to affect RAI-3 
function or activity in the cells of COPD sufferers, or those 
with COPD related diseases and conditions. The method 
comprises combining a candidate modulator compound with 
a host cell containing a vector in which RAI-3, or a peptide 
thereof, preferably a functional RAI-3 peptide, is expressed 
by the cell, and measuring an effect of the candidate modu 
lator compound on the activity of the expressed RAI-3 or 
peptide thereof. 
0184. In another embodiment, the present invention 
embraces a method of Screening for a compound that is 
capable of modulating the biological activity of RAI-3, 
comprising (a) providing a host cell in which RAI-3, or a 
peptide thereof, is expressed Such as described herein; (b) 
determining the biological activity of RAI-3 in the absence 
of a modulator compound; (c) contacting the cell with the 
modulator compound; and (d) determining the biological 
activity of RAI-3 in the presence of the modulator com 
pound. In this method, a difference between the activity of 
RAI-3 in the presence of the modulator compound and in the 
absence of the modulator compound indicates a modulating 
effect of the compound. Accordingly, the invention further 
relates to a compound that modulates the biological activity 
of human RAI-3, wherein the compound has been identified 
by the methods described herein. 
0185. Polypeptide or polynucleotides and/or agonist or 
antagonists of the present invention may also be used to 
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increase the efficacy of a pharmaceutical composition, either 
directly or indirectly. Such a use may be administered in 
Simultaneous conjunction with Said pharmaceutical, or Sepa 
rately through either the Same or different route of admin 
istration (e.g., intravenous for the polynucleotide or 
polypeptide of the present invention, and orally for the 
pharmaceutical, among others described herein.). 

RAI-3 Modulation, NF-kB and Components 
Related Thereto 

0186 The regulation or modulation of the Nuclear Factor 
KB (NF-kB) pathway and/or components thereof, and/or cell 
Signaling or transcriptional molecules by RAI-3 is also 
embraced by the present invention. As a transcriptional 
activator, NF-KB plays a central role in regulating the 
transcription of a number of genes, including those which 
encode proteins involved in inflammatory and immune 
responses. Representative examples of genes controlled by 
NF-kB include the cytokines tumor necrosis factor (TNF-C), 
IL-1B, IL-6, and IL-8; the adhesion molecules E-selectin and 
vascular cell adhesion molecule (VCAM)-1; and the enzyme 
nitric oxide (NO)-synthase (for reviews, see Siebenlist et al. 
Annu. Rev. Cell Biol. 10: 405-455, 1994; Bauerle and 
Baltimore, Cell, 87:13-20, 1997). Also, NF-kB has been 
shown to be induced by several stimuli, in addition to 
mediators of immune function, Such as UV irradiation, 
growth factors, and viral infection. 
0187. The NF-kB transcription factor normally resides in 
the cytoplasm in unstimulated cells as an inactive complex 
with a member of the inhibitor KB (IKB) inhibitory protein 
family. The IKB class of proteins includes IKB-C., IKB-B, and 
IKB-e-all of which contain ankyrin repeats for complexing 
with NF-kB (for review, see Whiteside et al., EMBO J. 
16:1413-1426,1997). In the case of IKB-C, the most care 
fully studied member of this class, stimulation of cells with 
agents which activate NF-KB-dependent gene transcription 
results in the phosphorylation of IKB-C. at serine-32 and 
serine-36 (Brown et al. Science, 267:1485-1488, 1995). 
0188 IKB is a cytoplasmic protein that controls NF-kB 
activity by retaining NF-kB in the cytoplasm. IKB is phos 
phorylated by the IKB kinase (IKK), which has two iso 
forms, IKK-1 (or IKB kinase C., IKKO) and IKK-2 (or IKB 
kinase B, IKKB). Upon phosphorylation of IKB by IKK, 
NF-kB is rapidly released into the cell and translocates to the 
nucleus where it binds to the promoters of many genes and 
up-regulates the transcription of pro-inflammatory genes. 
Inhibitors of IKK can block the phosphorylation of IKB and 
further downstream effects, Specifically those associated 
with NF-kB transcription factors. Inhibition of NF-kB and/ 
or its activation pathway provides a means for treating a 
wide range of diseases including autoimmune diseases, 
Alzheimer's disease, atherosclerosis, oncogenesis, and So 
forth. See, e.g., Baldwin, 1996, “The NF-kB and IKB 
Proteins: New Discoveries and Insights,'Annual Rev. Immu 
nol, Vol. 14:649-81, see also Christman et al., 2000, 
“Impact of Basic Research on Tomorrow's Medicine, The 
Role of Nuclear Factor-KB in Pulmonary Diseases,” Chest, 
Vol. 117:1482-87. 

0189 Phosphorylation of IKB-C. is critical for its subse 
quent ubiquitination and proteolysis, upon which NF-KB is 
released from complexing with IKB. NF-kB can then trans 
locate into the nucleus and ultimately activate gene tran 
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scription (Finco et al., 1994, Proc. Natl. Acad. Sci. USA, 
91:11.884-11888; Baldi et al., 1996, J. Biol. Chem., 271:376 
379; and Roffet al., 1996, J. Biol. Chem., 271:7844-7850). 
Substituting both serine-32 and serine-36 of IKB with ala 
nine prevents signal-induced NF-KB activation and also 
results in an IKB (e.g. IKB-a), which is not phosphorylated, 
ubiquitinated, or proteolytically digested (Roffet al., Ibid.). 
Analogous serines have been identified in both IKB-3 and 
IKB-e, and phosphorylation at these residues appears to 
regulate the proteolytic degradation of these proteins by a 
mechanism similar to that of IKB-C (Weil et al., 1997, J. 
Biol. Chem., 272:9942-9949; and Whiteside et al., 1997, 
EMBO J., 16:1413-1426). 
0190. More particularly, upon phosphorylation, ubiquiti 
nation and degradation of IkB, NF-KB is released from the 
IKB/NF-kB complex and allowed to translocate from the 
cytoplasm to the nucleus and activate a number of genes, 
particularly those involved in inflammatory and immune 
responses. Since NF-KB is of Significant importance in 
inflammation and immune responses, inhibition of IKB, for 
example, by inhibiting the Signal-inducible phosphorylation 
of IKB, can be an important target in the treatment of 
inflammatory and immune System-related diseases and dis 
orders. In accordance with this invention, modulation of IKB 
and/or NF-kB activation, particularly by RAI-3 or RAI-3 
modulation, either directly or indirectly, can also be impor 
tant in the treatment and/or the pathobiology of COPD, 
cancers, Such as lung cancer, breast cancer, Stomach cancer, 
testicular cancer, etc., malignancies and asthma. 
0191 In a particular embodiment related to the modula 
tion of NF-kB via RAI-3 or RAI-3 modulation, and/or the 
modulation of other components of the cellular pathway that 
includes NF-kB via RAI-3 or RAI-3 modulation, the present 
invention embraces the treatment, therapy, amelioration 
and/or prevention of pulmonary fibrosis. Because the 
expression of many pro-inflammatory cytokines and 
chemokines, including TNF-alpha (a), are NF-kB depen 
dent, it is expected that inhibitors of NF-KB function or 
activity would be efficacious in pulmonary fibrosis. TNF-C, 
among other pro-inflammatory factors, is believed to play an 
important role in driving the pathology of pulmonary fibro 
sis (e.g., N. Sueoka et al., 1998, Cytokine, 10:124-131). 
NF-kB has been shown to be activated in the lungs of 
affected animals in animal models of pulmonary fibrosis 
(See, e.g., G. Gurujeyalakshmi et al., 2000, J. Pharmacol. 
Lung Cell Mol. Physiol., 293:82–90; and A. K. Hubbard et 
al., 2002, Am. J. Physiol. Lung Cell Mol. Physiol., 
282:L968-75). Moreover, oxidative stress responses are 
thought to play a role in pulmonary fibrosis and cellular 
glutathione (GSH) levels are important in regulating oxida 
tive stress. Consistent with the role of NF-kB in disease, the 
expression of gamma-glutamylcysteine Synthetase (gamma 
GCS), which controls the key regulatory step in GSH 
Synthesis and is up-regulated in animal models of pulmonary 
fibrosis, is also NF-kB dependent. (R. M. Day et al., 2002, 
Am. J. Physiol. Lung Cell Mol. Physiol., 282:L1349–57). 
0.192 In accordance with another particular, yet nonlim 
iting, embodiment of the present invention, RAI-3 modula 
tion, i.e., the activity of RAI-3 antisense as described herein 
(FIGS. 14A and 14B and Example 2), produced an increase 
in the level of IKB mRNA in cells. The up-regulation of 
IKBO. due to the down-regulation of RAI-3 thus places this 
GPCR protein into a signaling pathway potentially involved 
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in cellular apoptotic events. This affords the opportunity to 
regulate downstream events via the activity of the RAI-3 
protein with modulators, Such as antisense polynucleotides, 
polypeptides, or low molecular chemicals, for example, with 
the potential of achieving a therapeutic effect in cancer 
and/or autoimmune diseases, among others. In addition to 
cancer and immunological disorders, NF-kB has significant 
roles in other diseases (See, A. S. Baldwin, 2001, J. Clin. 
Invest., 107:3-6). Also, NF-kB is a key factor in the patho 
physiology of ischemia-reperfusion injury and heart failure 
(G. Valen et al., 2001, J. Am. Coll. Cardiol, 38:307-14). 
Furthermore, NF-kB has been found to be activated in 
experimental renal disease (C. Guijarro and J. Egido, 2001, 
Kidney Int., 59:415-425). 

0193 In other preferred embodiments of this invention in 
keeping with the above, RAI-3 polynucleotides and 
polypeptides, including fragments thereof, are useful for 
treating, diagnosing, and/or ameliorating proliferative dis 
orders, cancers, (e.g., lung cancer, breast cancer, Stomach 
cancer, testicular cancer, etc.), ischemia-reperfusion injury, 
heart failure, immunocompromised conditions, HIV infec 
tion, and renal diseases. Moreover, RAI-3 polynucleotides 
and polypeptides, including fragments thereof, are useful for 
increasing NF-KB activity, increasing apoptotic events, and/ 
or decreasing IKBK expression or activity levels. Indeed, 
because many anti-apoptotic factors are NF-KB dependent, 
a modulator of RAI-3 which inhibits, Suppresses, reduces, 
blocks, or antagonizes NF-KB activation can have applica 
bility in lung cancer, for example, in View of the expression 
of RAI-3 in lung tissue as described and demonstrated 
herein. Accordingly the present invention encompasses a 
method of treating lung cancer involving the use of an RAI-3 
modulator, e.g., as determined by the methods described 
herein, which inhibits NF-KB activation. 

0194 In still other preferred embodiments, antagonists 
directed against RAI-3 are useful for treating, diagnosing, 
and/or ameliorating the following disorders, diseases and/or 
conditions: autoimmune disorders, disorders related to 
hyperimmune activity, inflammatory conditions, disorders 
related to aberrant acute phase responses, hypercongenital 
conditions, birth defects, necrotic lesions, wounds, organ 
transplant rejection, conditions related to organ transplant 
rejection, disorders related to aberrant Signal transduction, 
proliferation disorders, cancers, (e.g., lung cancer, breast 
cancer, Stomach cancer, testicular cancer, etc.), HIV infec 
tion, and HIV propagation in cells infected with other 
Viruses. Moreover, antagonists directed against RAI-3 are 
useful for decreasing NF-KB activity, decreasing apoptotic 
events, and/or increasing IKBC. expression or activity levels. 

0.195. In additional preferred embodiments of the present 
invention, agonists directed against RAI-3 are useful for 
treating, diagnosing, and/or ameliorating autoimmune dis 
orders, disorders related to hyperimmune activity, hypercon 
genital conditions, birth defects, necrotic lesions, wounds, 
disorders related to aberrant signal transduction, immuno 
compromised conditions, HIV infection, proliferation disor 
ders, and/or cancers, Such as lung cancer, breast cancer, 
Stomach cancer, testicular cancer, ovarian cancer, cervical 
cancer, etc. In addition, agonists directed against RAI-3 are 
useful for increasing NF-KB activity, increasing apoptotic 
events, and/or decreasing IKBC. expression or activity levels. 
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The RAI-3 Protein and Peptides, and Expression 
Thereof 

0196. The RAI-3 nucleic acid can be used to generate 
recombinant DNA molecules that direct the expression of 
the RAI-3 protein (polypeptide) or peptides thereof in appro 
priate host cells, including the full-length RAI-3 protein, 
functionally active or equivalent RAI-3 proteins and 
polypeptides, e.g., mutated, truncated or deleted forms of 
RAI-3, peptide fragments of RAI-3, or RAI-3 fusion pro 
teins. A functionally equivalent RAI-3 polypeptide can 
include a polypeptide which displays the same type of 
biological activity (e.g., regulation or modulation of Second 
messenger activity and/or function) as the native RAI-3 
protein, but not necessarily to the same extent. Such recom 
binantly expressed RAI-3 molecules are useful in the vari 
ous Screening assays for determining modulators of RAI-3, 
particularly for treatments and therapies of COPD and 
COPD related disorders as described herein. 

0197) The amino acid sequence of the RAI-3 polypeptide 
is depicted in FIG. 11 and SEQ ID NO:3. Both the RAI-3 
polypeptide and RAI-3 peptide Sequences are useful as 
targets, and/or as immunogens to generate antibodies for the 
methods and compositions according to the present inven 
tion. The proteins and polypeptides of the invention include 
peptide fragments of RAI-3, peptides corresponding to one 
or more domains of the protein, mutated, truncated or 
deleted forms of the proteins and polypeptides, as well as 
RAI-3 fusion proteins, all of the aforementioned RAI-3 
derivatives can be obtained by techniques well known in the 
art, given the RAI-3 nucleic acid and amino acid Sequences 
as described herein. The RAI-3 protein and its peptides can 
also contain deletions, additions or Substitutions of amino 
acid residues within the RAI-3 protein Sequence, which can 
result in a Silent change, thus producing a functionally 
equivalent RAI-3 polypeptide. Such amino acid Substitu 
tions can be made on the basis of Similarity in polarity, 
charge, Solubility, hydrophobicity, hydrophilicity, and/or the 
amphipatic nature of the residues involved. For example, 
negatively-charged amino acids include aspartic acid and 
glutamic acid; positively-charged amino acids include 
lysine, arginine and histidine, amino acids with uncharged 
polar head groups having Similar hydrophilicity values 
include the following: leucine, isoleucine, Valine, glycine, 
alanine, asparagine, glutamine, Serine, threonine, phenyla 
lanine, tyrosine. 

0198 The RAI-3 polypeptide should exhibit at least 
about 80% overall sequence identity at the amino acid level, 
more preferably at least about 85-90% overall identity and 
most preferably at least about 95% overall identity to the 
amino acid sequence of FIGS. 11A-11C and SEQID NOS:1 
and/or 3 (e.g., as determined by the CLUSTALW algorithm 
using default parameters (J. D. Thompson et al., 1994, 
Nucleic Acids Research, 2022):4673-4680). 
0199 Alternatively, the RAI-3 polypeptide should 
exhibit at least about 80%, 85%, 90%, 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 
99.4%, 99.5%, 99.6%, 99.7%, 99.8%, or 99.9% overall 
identity to the RAI-3 amino acid Sequence as depicted in 
FIGS. 11A-C and in SEQ ID NO:3 (e.g., as determined by 
the CLUSTALW algorithm using default parameters (J. D. 
Thompson et al., 1994, Nucleic Acids Research, 2(22):4673 
4680). 
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0200 Mutated or altered forms of the RAI-3 protein and 
peptides can be obtained using random mutagenesis tech 
niques, Site-directed mutagenesis techniques, or by chemical 
methods, e.g., protein Synthesis techniques, as practiced in 
the art. Mutant RAI-3 protein or peptides can be engineered 
So that regions important for function are maintained, while 
variable residues are altered, e.g., by deletion or insertion of 
an amino acid residue(s) or by the Substitution of one or 
more different amino acid residues. For example, conserva 
tive alterations at the variable positions of a polypeptide can 
be engineered to produce a mutant RAI-3 polypeptide that 
retains the function of RAI-3. Non-conservative alterations 
of variable regions can be engineered to alter RAI-3 func 
tion, if desired. Alternatively, in those cases where modifi 
cation of function (either to increase or decrease function) is 
desired, deletion or non-conservative alterations of con 
Served regions of the RAI-3 polypeptide can be engineered. 

0201 In another aspect, fusion proteins containing RAI-3 
amino acid Sequences can also be obtained by techniques 
known in the art, including genetic engineering and chemi 
cal protein Synthesis techniques. According to this aspect, 
RAI-3 fusion proteins are encoded by an isolated nucleic 
acid molecule comprising an RAI-3 nucleic acid that 
encodes a polypeptide with an activity of an RAI-3 protein, 
or a fragment thereof, linked in frame and uninterrupted by 
Stop codons, to a nucleotide Sequence that encodes a heter 
ologous protein or peptide. 

0202 Fusion proteins include those that contain the full 
length RAI-3 amino acid Sequence, an RAI-3 peptide 
Sequence, e.g., encoding one or more functional domains, a 
mutant RAI-3 amino acid Sequence, or a truncated RAI-3 
amino acid Sequence linked to an unrelated protein or 
polypeptide Sequence. Such fusion proteins include, but are 
not limited to, Ig Fc fusions which stabilize the RAI-3 fusion 
protein and can prolong the half-life of the protein in Vivo, 
or fusions to an enzyme, fluorescent protein or luminescent 
(chemiluminescent) protein that provides a marker function. 
0203 RAI-3 protein, peptides, and derivatives thereof, 
can be produced using genetic engineering techniques. Thus, 
in order to express a biologically active RAI-3 polypeptide 
by recombinant technology, a nucleic acid molecule coding 
for the polypeptide, or a functional equivalent thereof, is 
inserted into an appropriate expression vector, i.e., a vector 
which contains the necessary elements for the transcription 
and translation of the inserted coding Sequence. More spe 
cifically, the RAI-3 nucleic acid is operatively associated 
with a regulatory nucleotide Sequence containing transcrip 
tional and/or translational regulatory information that con 
trols expression of the RAI-3 nucleic acid in the host cell. 
The RAI-3 gene products So produced, as well as host cells, 
or cell lines transfected or transformed with recombinant 
RAI-3 expression vectors, can be used for a variety of 
purposes. These include, but are not limited to, generating 
antibodies (i.e., monoclonal or polyclonal) that bind to the 
RAI-3 protein or peptides, including those that competi 
tively inhibit binding and thus “neutralize” RAI-3 activity, 
and the Screening and Selection of RAI-3 analogs, ligands, or 
interacting molecules. 

0204. In preferred embodiments, for example, RAI-3 
transfected CHO/NFAT-CRE cell lines of the present inven 
tion, as described in Example 1 (L), are useful for the 
identification of agonists and antagonists of the RAI-3 
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polypeptide. Representative uses of these cell lines include 
employing the cell lines in a method of identifying RAI-3 
agonists and antagonists. Preferably, the cell lines are useful 
in a method for identifying a compound that modulates the 
biological activity of the RAI-3 polypeptide, comprising the 
Steps of: (a) combining a candidate modulator compound 
with a host cell expressing the RAI-3 polypeptide having the 
sequence as set forth in SEQ ID NO:3; and (b) measuring an 
effect of the candidate modulator compound on the activity 
of the expressed RAI-3 polypeptide. Representative vectors 
expressing the RAI-3 polypeptide are referenced herein 
(e.g., pcDNA3.1 hygroTM) or otherwise known in the art and 
as described in Example 1(L). 
0205 RAI-3 expressing cell lines are also useful in a 
method of Screening for a compound that is capable of 
modulating the biological activity of RAI-3 polypeptide, 
comprising the steps of: (a) determining the biological 
activity of the RAI-3 polypeptide in the absence of a 
modulator compound; (b) contacting a host cell expression 
the RAI-3 polypeptide with the modulator compound; and 
(c) determining the biological activity of the RAI-3 polypep 
tide in the presence of the modulator compound; wherein a 
difference between the activity of the RAI-3 polypeptide in 
the presence of the modulator compound and in the absence 
of the modulator compound indicates a modulating effect of 
the compound. Additional uses for such RAI-3 cell lines are 
described herein or otherwise known in the art. 

0206 Methods that are well known to those skilled in the 
art are used to construct expression vectors containing the 
RAI-3 protein or peptide coding Sequences and appropriate 
transcriptional and translational control elements and/or 
signals. These methods include in vitro recombinant DNA 
techniques, Synthetic techniques and in Vivo recombination/ 
genetic recombination. See, for example, the techniques 
described in Maniatis et al., 1989, Molecular Cloning, A 
Laboratory Manual, Cold Spring Harbor Laboratory, N.Y. 
and Ausubel et al., 1989, Current Protocols in Molecular 
Biology, Greene Publishing Associates and Wiley Inter 
Science, N.Y. See also, Sambrook et al., 1989, Molecular 
Cloning, A Laboratory Manual, Cold Spring Harbor Press, 
N.Y. 

0207. A variety of host-expression vector systems can be 
used to express the RAI-3 coding Sequences. Such host 
expression Systems represent vehicles by which the coding 
Sequences of interest can be produced and Subsequently 
purified, but also represent cells which can, when trans 
formed or transfected with the appropriate nucleotide coding 
Sequences, exhibit the corresponding RAI-3 gene product(s) 
in Situ and/or function in Vivo. These hosts include, but are 
not limited to, microorganisms. Such as bacteria (e.g., E. coli, 
B. Subtilis) transformed with recombinant bacteriophage 
DNA, plasmid DNA, or cosmid DNA expression vectors 
containing the RAI-3 coding Sequences; yeast (e.g., Saccha 
romyces, Pichia) transformed with recombinant yeast 
expression vectors containing RAI-3 coding Sequences, 
insect cell Systems infected with recombinant virus expres 
Sion vectors (e.g., baculovirus) containing RAI-3 coding 
Sequences, plant cell Systems infected with recombinant 
virus expression vectors (e.g., cauliflower mosaic virus 
(CaMV); tobacco mosaic virus (TMV)) or transformed with 
recombinant plasmid expression vectors (e.g., Ti plasmid) 
containing RAI-3 coding Sequences, or mammalian cell 
systems, including human cells, (e.g., COS, CHO, BHK, 
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293, NIH/3T3) harboring recombinant expression constructs 
containing promoters derived from the genome of mamma 
lian cells as described below. 

0208. The expression elements of these systems can vary 
in their Strength and Specificities. Depending on the host/ 
vector System utilized, any of a number of Suitable tran 
Scriptional and translational elements, including constitutive 
and inducible promoters, can be used in the expression 
vector. For example, when cloning in bacterial Systems, 
inducible promoterS Such as pil of bacteriophage w, plac, 
ptrp, ptac (ptrp-lac hybrid promoter) and the like can be 
used; when cloning in insect cell Systems, promoterS Such as 
the baculovirus polyhedrin promoter can be used; when 
cloning in plant cell Systems, promoters derived from the 
genome of plant cells (e.g., heat Shock promoters; the 
promoter for the small subunit of RUBISCO; the promoter 
for the chlorophylla/b binding protein) or from plant viruses 
(e.g., the 35S RNA promoter of CaMV; the coat protein 
promoter of TMV) can be used; when cloning in mammalian 
cell Systems, promoters derived from the genome of mam 
malian cells (e.g., metallothionein promoter) or from mam 
malian viruses (e.g., the adenovirus late promoter; the vac 
cinia virus 7.5K promoter) can be used; when generating cell 
lines that contain multiple copies of RAI-3 DNA, SV40-, 
BPV- and EBV-based vectors can be used with an appro 
priate Selectable marker. 
0209. In bacterial systems, a number of expression vec 
tors can be advantageously Selected depending upon the use 
intended for the expressed RAI-3 polypeptide or peptide. 
For example, when large quantities of the RAI-3 polypeptide 
or peptide are to be produced, e.g., for the generation of 
antibodies or for the production of the RAI-3 gene product, 
vectors which direct the expression of high levels of fusion 
protein products that are readily purified may be desirable. 
Such vectors include, but are not limited to, the E. coli 
expression vector pUR278 (Ruther et al., 1983, EMBO J., 
2:1791), in which the RAI-3 coding sequence can be ligated 
into the vector in-frame with the lac7, coding region So that 
a hybrid RAI-3/lacZ protein is produced; plN vectors 
(Inouye & Inouye, 1985, Nucleic Acids Res., 13:3101-3109; 
Van Heeke & Schuster, 1989, J. Biol. Chem., 264: 5503 
5509); and the like. pGEX vectors can also be used to 
express foreign polypeptides as fusion proteins with glu 
tathione S-transferase (GST). In general, Such fusion pro 
teins are Soluble and can easily be purified from lysed cells 
by affinity chromatography, e.g., adsorption to glutathione 
agarose beads followed by elution in the presence of free 
glutathione. The pGEX vectors are designed to include 
thrombin or factor Xa protease cleavage Sites So that the 
cloned polypeptide of interest can be released from the GST 
moiety. See also Booth et al., 1988, Immunol. Lett., 19: 
65-70; and Gardella et al., 1990, J. Biol. Chem., 265: 
15854-15859; Pritchett et al., 1989, Biotechniques, 7: 580. 
0210. In yeast, a number of vectors containing constitu 
tive or inducible promoters are suitable for use. For a review, 
see Current Protocols in Molecular Biology, Vol. 2, 1988, 
Ed. Ausubel et al., Greene Publish. Assoc. & Wiley Inter 
science, Ch. 13; Grant et al., 1987, Expression and Secretion 
Vectors for Yeast, In: Methods in Enzymology, Eds. Wu & 
Grossman, 1987, Acad. Press, N.Y., Vol. 153, pp. 516-544; 
Glover, 1986, DNA Cloning, Vol. 11, IRL Press, Wash., 
D.C., Ch. 3; and Bitter, 1987, Heterologous Gene Expres 
sion in Yeast, Methods in Enzymology, Eds. Berger & 
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Kimmel, Acad. Press, N.Y., Vol. 152, pp. 673-684; and The 
Molecular Biology of the Yeast Saccharomyces, 1982, Cold 
Spring Harbor Press, Vols. I and II. 
0211. In an insect System, Autographa Californica 
nuclear polyhedrosis virus (AcNPV) can be used as a vector 
to express foreign genes. The virus grows in Spodoptera 
frugiperda cells. RAI-3 encoding Sequences can be cloned 
into non-essential regions (for example, the polyhedrin 
gene) of the virus and placed under the control of an AcNPV 
promoter (for example, the polyhedrin promoter). Success 
ful insertion of the RAI-3 coding Sequence results in inac 
tivation of the polyhedrin gene and production of non 
occluded recombinant virus (i.e., virus lacking the 
proteinaceous coat coded for by the polyhedrin gene). These 
recombinant Viruses can then be used to infect Spodoptera 
frugiperda cells in which the inserted gene is expressed (see 
e.g., Smith et al., 1983, J. Virol., 46: 584; Smith, U.S. Pat. 
No. 4,215,051). 
0212. In mammalian host cells, a number of virus-based 
expression Systems can be employed. In cases where an 
adenovirus is used as an expression vector, the RAI-3 coding 
Sequence can be ligated to an adenovirus transcription/ 
translation control complex, e.g., the late promoter and 
tripartite leader Sequence. This chimeric gene can then be 
inserted into the adenovirus genome by in vitro or in vivo 
recombination. Insertion into a non-essential region of the 
Viral genome (e.g., region E1 or E3) results in a recombinant 
virus that is viable and capable of expressing RAI-3 in 
infected hosts (see, e.g., Logan & Shenk, 1984, Proc. Natl. 
Acad. Sci. USA, 81: 3655-3659). Alternatively, the vaccinia 
7.5K promoter can be used (See, e.g., Mackett et al., 1982, 
Proc. Natl. Acad. Sci. USA, 79: 7415-7419; Mackett et al., 
1984, J. Virol, 49: 857-864; Panicali et al., 1982, Proc. Natl. 
Acad. Sci. USA, 79: 4927-4931). 
0213 Specific initiation signals may also be required for 
efficient translation of inserted RAI-3 coding Sequences. 
These signals include the ATG initiation codon and adjacent 
Sequences. In cases where the entire RAI-3 gene, including 
its own initiation codon and adjacent Sequences, is inserted 
into the appropriate expression vector, no additional trans 
lational control Signals may be needed. However, in cases 
where only a portion of the RAI-3 coding Sequence is 
inserted, exogenous translational control Signals, including 
the ATG initiation codon, are preferably provided. Further 
more, the initiation codon is preferably in phase with the 
reading frame of the RAI-3 coding Sequence to ensure 
translation of the entire insert. These exogenous transla 
tional control Signals and initiation codons can be of a 
variety of origins, both natural and Synthetic. The efficiency 
of expression can be enhanced by the inclusion of appro 
priate transcription enhancer elements, transcription termi 
nators, etc. (see, e.g., Bittner et al., 1987, Methods in 
Enzymol, 153:516-544). 
0214. In addition, a host cell strain can be chosen which 
modulates the expression of the inserted Sequences, or 
modifies and processes the gene product in the Specific 
fashion desired. Such modifications (e.g., glycosylation) and 
processing (e.g., cleavage) of protein products can fre 
quently be important for the function of the protein. Differ 
ent host cells have characteristic and Specific mechanisms 
for the post-translational processing and modification of 
proteins. Appropriate cells lines or host Systems can be 
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chosen to ensure the correct modification and processing of 
the foreign protein expressed. To this end, eukaryotic host 
cells which possess the cellular machinery for proper pro 
cessing of the primary transcript, glycosylation, and phos 
phorylation of the gene product can be used. Such mamma 
lian host cells include, but are not limited to, CHO, VERY, 
BHK, Hela, COS, MDCK, 293, 3T3, W138, and in particu 
lar, breast cancer cell lines Such as, for example, BT483, 
Hs578T, HTB2, BT20 and T47D, and normal mammary 
gland cell lines such as, for example, CRL7030 and 
HSS78Bst, and the like. 
0215 For long-term, high-yield production of recombi 
nant proteins, Stable expression is preferred. For example, 
cell lines which stably express the RAI-3 polypeptide or 
peptide are engineered. Thus, rather than using expression 
vectors which contain Viral origins of replication, host cells 
can be transformed with RAI-3 encoding nucleic acid mol 
ecules, e.g., DNA, controlled by appropriate expression 
control elements (e.g., promoter, enhancer, Sequences, tran 
Scription terminators, polyadenylation sites, etc.), and at 
least one Selectable marker. Following the introduction of 
the foreign DNA, engineered cells are allowed to grow for 
about 1-2 days in an enriched medium, and then are placed 
in Selective medium. The Selectable marker in the recom 
binant plasmid conferS resistance to the Selection medium 
and allows cells to Stably integrate the plasmid into their 
chromosomes and grow to form foci which, in turn, can be 
cloned and expanded into cell lines. This method can 
advantageously be used to engineer cell lines which express 
cellular RAI-3 polypeptides or peptides. Such engineered 
cell lines are particularly useful in Screening for RAI-3 
analogs or ligands, or for determining compounds, mol 
ecules, and the like, which modulate RAI-3 expression or 
function. 

0216) In instances in which the mammalian cell is a 
human cell, human artificial chromosome (HAC) Systems 
are among the expression Systems by which RAI-3 nucleic 
acid Sequences can be expressed (See, e.g., Harrington et al., 
1997, Nature Genetics, 15: 345-355). RAI-3 gene products 
can also be expressed in transgenic animals, Such as mice, 
rats, rabbits, guinea pigs, pigs, micro-pigs, sheep, goats, and 
non-human primates, e.g., baboons, monkeys, and chimpan 
Zees. The term “transgenic” as used herein refers to animals 
expressing RAI-3 nucleic acid Sequences from a different 
Species (e.g., mice expressing human RAI-3 nucleic acid 
Sequences), as well as animals that have been genetically 
engineered to over-express endogenous (i.e., same species) 
RAI-3 nucleic acid Sequences, or animals that have been 
genetically engineered to no longer express endogenous 
RAI-3 nucleic acid sequences (i.e., "knock-Out' animals), 
and their progeny. 
0217 Transgenic animals can be produced using tech 
niques well known in the art, including, but not limited to, 
pronuclear microinjection (P. C. Hoppe and T. E. Wagner, 
1989, U.S. Pat. No. 4,873,191); retrovirus mediated gene 
transfer into germ lines (Van der Putten et al., 1985, Proc. 
Natl. Acad. Sci. USA, 82: 6148-6152); gene targeting in 
embryonic stem cells (Thompson et al., 1989, Cell, 56: 
313-321); electroporation of embryos (Lo, 1983, Mol Cell. 
Biol, 3: 1803-1814); and sperm-mediated gene transfer 
(Lavitrano et al., 1989, Cell, 57: 717-723); etc. For a review 
of Such techniques, See Gordon, 1989, Transgenic Animals, 
Intl. Rev. Cytol., 115: 171-229. In addition, any technique 
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known in the art can be used to produce transgenic animal 
clones containing an RAI-3 transgene, for example, nuclear 
transfer into enucleated oocytes of nuclei from cultured 
embryonic, fetal or adult cells at quiescence (Campbell et 
al., 1996, Nature, 380: 64-66; and Wilmut et al., 1997, 
Nature, 385: 810-813). 
0218 Host cells which contain the RAI-3 coding 
Sequence and which preferably express a biologically active 
gene product can be identified by at least four general 
approaches: (a) DNA-DNA or DNA-RNA hybridization; (b) 
the presence or absence of “marker gene functions; (c) 
assessing the level of transcription as measured by the 
expression of RAI-3 mRNA transcripts in the host cell; and 
(d) detection of the gene product as measured by immu 
noassay or by its biological activity. 
0219. In the first approach, the presence of the RAI-3 
coding Sequence inserted into the expression vector can be 
detected by DNA-DNA or DNA-RNA hybridization using 
probes comprising nucleotide Sequences that are homolo 
gous to the RAI-3 coding Sequence, respectively, or portions 
or derivatives thereof. 

0220. In the second approach, the recombinant expres 
Sion vector/host System can be identified and Selected based 
upon the presence or absence of certain “marker gene 
functions. For example, if the RAI-3 coding Sequence is 
inserted within a marker gene Sequence of the vector, 
recombinants containing the RAI-3 coding Sequence can be 
identified by the absence of the marker gene function. 
Alternatively, a marker gene can be placed in tandem with 
the RAI-3 Sequence under the control of the same or a 
different promoter used to control the expression of the 
RAI-3 coding Sequence. Expression of the marker in 
response to induction or Selection indicates expression of the 
RAI-3 coding Sequence. 
0221 Selectable markers include, for example, resistance 
to antibiotics, resistance to methotrexate, transformation 
phenotype, and occlusion body formation in baculovirus. In 
addition, thymidine kinase activity (M. Wigler et al., 1977, 
Cell, 11: 223) hypoxanthine-guanine phosphoribosyltrans 
ferase (Szybalska & Szybalski, 1962, Proc. Natl. Acad. Sci. 
USA, 48: 2026), and adenine phosphoribosyltransferase 
(Lowy et al., 1980, Cell, 22:817) genes can be employed in 
tk, hgprt or aprt cells, respectively. Also, anti-metabolite 
resistance can be used as the basis of Selection for dhfr, 
which confers resistance to methotrexate (M. Wigler et al., 
1980, Proc. Natl. Acad. Sci. USA, 77: 3567; O'Hare et al., 
1981, Proc. Natl. Acad. Sci. USA, 78: 1527); gpt, which 
conferS resistance to mycophenolic acid (Mulligan & Berg, 
1981, Proc. Natl. Acad. Sci. USA, 78: 2072); neo, which 
conferS resistance to the aminoglycoside G-418 (Colberre 
Garapin, et al., 1981, J. Mol. Biol, 150: 1); and hygro, which 
conferS resistance to hygromycin (Santerre et al., 1984, 
Gene, 30: 147). Additional selectable genes have been 
described, namely trp B, which allows cells to utilize indole 
in place of tryptophan; hisD, which allows cells to utilize 
histinol in place of histidine (Hartman & Mulligan, 1988, 
Proc. Natl. Acad. Sci. USA, 85: 8047); and ODC (ornithine 
decarboxylase) which conferS resistance to the ornithine 
decarboxylase inhibitor, 2-(difluoromethyl)-DL-ornithine, 
DFMO (McConlogue, 1987, in Current Communications in 
Molecular Biology, Cold Spring Harbor Laboratory ed.). 
0222. In the third approach, transcriptional activity for 
the RAI-3 coding region can be assessed by hybridization 
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assayS. For example, RNA can be isolated and analyzed by 
Northern blot using a probe homologous to the RAI-3 
coding Sequence or particular portions thereof. Alterna 
tively, total nucleic acids of the host cell can be extracted and 
assayed for hybridization to Such probes. 
0223) In the fourth approach, the expression of the RAI-3 
protein or peptide product can be assessed immunologically, 
for example by Western blots, immunoassayS. Such as radio 
immunoprecipitation, enzyme-linked immunoassays and the 
like. The ultimate test of the Success of the expression 
System, however, involves the detection of biologically 
active RAI-3 gene product. A number of assays can be used 
to detect RAI-3 activity, including but not limited to, binding 
assays and biological assays for RAI-3 activity. 
0224. Once a cell clone that produces high levels of a 
biologically active RAI-3 polypeptide is identified, the 
cloned cells can be expanded and used to produce large 
amounts of the polypeptide which can be purified using 
techniques well known in the art, including but not limited 
to, immunoaffinity purification using antibodies, immuno 
precipitation, or chromatographic methods including high 
performance liquid chromatography (HPLC). 
0225. In instances in which the RAI-3 coding sequence is 
engineered to encode a cleavable fusion protein, purification 
can be readily accomplished using affinity purification tech 
niques. For example, a collagenase cleavage recognition 
consensus Sequence can be engineered between the carboxy 
terminus of RAI-3 and protein A. The resulting fusion 
protein can be purified using an IgG column that binds to the 
protein A moiety. Unfused RAI-3 can be released from the 
column by treatment with collagenase. Another example 
embraces the use of pGEX vectors that express foreign 
polypeptides as fusion proteins with glutathione S-trans 
ferase (GST). The fusion protein can be engineered with 
either thrombin or factor Xa cleavage sites between the 
cloned gene and the GST moiety. The fusion protein can be 
easily purified from cell extracts by adsorption to glu 
tathione agarose beads, followed by elution in the presence 
of glutathione. In fact, any cleavage Site or enzyme cleavage 
Substrate can be engineered between the RAI-3 gene product 
Sequence and a Second peptide or protein that has a binding 
partner which can be used for purification, e.g., any antigen 
for which an immunoaffinity column can be prepared. 
0226. In addition, RAI-3 fusion proteins can be readily 
purified by utilizing an antibody Specific for the fusion 
protein being expressed. For example, a System described by 
Janknecht et al. allows for the purification of non-denatured 
fusion proteins expressed in human cell lines (Janknecht, et 
al., 1991, Proc. Natl. Acad. Sci. USA, 88: 8972-8976). In this 
System, the gene of interest is Subcloned into a vaccinia 
recombination plasmid Such that the open reading frame of 
the gene is translationally fused to an amino-terminal tag 
consisting of Six histidine residues. Extracts from cells 
infected with recombinant vaccinia virus are loaded onto 
Ni" nitriloacetic acid-agarose columns and histidine-tagged 
proteins are Selectively eluted with imidazole-containing 
buffers. 

0227. Alternatively, RAI-3 protein and peptides can be 
produced using chemical methods to Synthesize the RAI-3 
amino acid Sequences in whole or in part. For example, 
peptides can be Synthesized by Solid phase techniques, 
cleaved from the resin, and purified by preparative high 



US 2004/O121362 A1 

performance liquid chromatography (See, e.g., Creighton, 
1983, Proteins. Structures And Molecular Principles, W.H. 
Freeman and Co., N.Y., pp. 50-60). The composition of the 
Synthetic peptides can be confirmed by amino acid analysis 
or Sequencing (e.g., the Edman degradation procedure; See 
Creighton, 1983, Proteins. Structures and Molecular Prin 
ciples, W.H. Freeman and Co., N.Y., pp. 34-49). 
0228. The RAI-3 protein, polypeptides and peptide frag 
ments, mutated, truncated or deleted forms of RAI-3 and/or 
RAI-3 fusion products can be prepared for various uses, 
including but not limited to, the generation of antibodies 
(See, Example 10), as reagents in diagnostic assays, the 
identification of other cellular gene products associated with 
RAI-3 in the development or continuance of COPD or 
COPD related disorders, and as reagents in assays for 
screening for compounds for use in the treatment of COPD 
and COPD related diseases and disorders. 

0229. In a particular related embodiment, RAI-3 pep 
tides, preferably the RAI-3 peptide of SEQ ID NO:1, can be 
used to identify individuals who are at risk for developing 
COPD or the underlying symptoms thereof. Such identifi 
cation can be achieved by a variety of diagnostic or Screen 
ing methods and assays as are known in the art. For example, 
antibodies specific for the RAI-3 peptide of SEQ ID NO:1 
can be used in Such assays, in addition to primers directed 
against the polynucleotide Sequence that codes for the RAI-3 
peptide. Primers are preferably obtained from the nucleic 
acid sequence encoding the RAI-3 polypeptide of SEQ ID 
NO:3; e.g., nucleotides 1271-1312 of SEQ ID NO:2, which 
encode the RAI-3 peptide of SEQ ID NO:1, namely, 
gcccacgcttggccgagcccttacaaagactatgaagtaaag (SEQ ID 
NO:30). Illustrative primers include, for example, the first 
17 nucleotides of the RAI-3-encoding polynucleotide 
Sequence of SEQ ID NO:2, i.e., gcccacgcttgg.ccgag (sense 
primer), (SEQ ID NO:31); in addition to the antisense of the 
3'-most Sequence of the RAI-3-encoding polynucleotide, 
i.e., ctittactitcatagtctttg (antisense primer), (SEQ ID NO:32). 
In addition, degenerative Sequences that encode the RAI-3 
polypeptide are encompassed in this embodiment, for 
example, the degenerative nucleotide that codes for the 
RAI-3 peptide of SEQID NO:1, i.e., nucleotides 1271-1312 
of SEQ ID NO:2): namely, gcncaygcntggccntcnccntayaar 
gaytaygargtnaar, (SEQ ID NO:33), (wherein “n” equals A, 
G, C, or T, wherein “y” equals C or T, and wherein “r” equals 
A or G). Illustrative primers for this degenerative sequence 
include, for example, gencaygentggccntc (degenerative 
sense primer), (SEQ ID NO:34) and yttnacytcrtartcyttritang 
(degenerative antisense primer), (SEQ ID NO:35), wherein 
n, y and r are as described above. 

Functional Coupling of Human GPCR, RAI-3 
0230. In another of its embodiments, the present inven 
tion relates to functional coupling of the human RAI-3 
GPCR. It has been reported that certain GPCRs exhibit a 
cDNA concentration-dependent constitutive activity 
through cAMP response element (CRE) luciferase reporters. 
(G. Chen et al., 1999, J. Pharmacol. Toxicol. Methods, 
42: 199-206). In accordance with the present invention, 
functional coupling of RAI-3 to known GPCR second 
messenger pathways was demonstrated as described in 
Example 1 (L) herein. Briefly, to this end, RAI-3 cDNA was 
PCR amplified and subcloned into the pcDNA3.1 HygroTM 
mammalian expression vector, which was transfected into a 
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CHO cell line wherein the RAI-3 polypeptide was expressed 
at high constitutive levels as described herein. 
0231. To demonstrate functional coupling of the RAI-3 
polypeptide as shown by example herein, i.e., Example 1 (L), 
the ability of RAI-3 to couple to a G protein was examined 
by employing the promiscuous G protein, G alpha 15. 
Specific domains of alpha Subunits of G proteins have been 
shown to control coupling to GPCRs (e.g., J. Blahos et al., 
2001, J. Biol. Chem., 275(5), 3262-3269). It has been shown 
that the extreme C-terminal 20 amino acids of either Galpha 
15 or 16 confer the unique ability of these G proteins to 
couple to many GPCRs, including those that naturally do not 
stimulate phospholipase C (PLC), (J. Blahos et al., 2001, 
Ibid.). Indeed, both Galpha 15 and 16 have been shown to 
couple a wide variety of GPCRs to PLC activation of 
calcium mediated Signaling pathways (including the NFAT 
Signaling pathway), (See, e.g., S. Offermanns and M. I. 
Simon, 1995, J. Biol. Chem., 270(25):15175-15180). In 
brief, as described in Example 1 (L) hereinbelow, to dem 
onstrate that RAI-3 was functioning as a GPCR, the CHO/ 
NFAT Galpha 15 cell line that contained only the integrated 
NFAT response element linked to the Beta-Lactamase 
reporter was transfected with a pcDNA3.1 HygroTM/RAI-3 
construct. Analysis of the fluorescence emission from this 
stable pool showed that RAI-3 constitutively coupled to the 
NFAT-mediated second messenger pathways via Galpha 15 
(FIGS. 20 and 21). The results are consistent with RAI-3 
functioning as a GPCR in a manner analogous to that of the 
known Galpha 15 coupled receptors. Therefore, constitutive 
expression of RAI-3 in the CHO/NFAT Galpha 15 cell line 
leads to NFAT activation through accumulation of intracel 
lular Ca". 

0232. Accordingly, in preferred embodiments according 
to this invention, RAI-3 polynucleotides and polypeptides, 
including agonists, antagonists, and fragments thereof, are 
useful for modulating intracellular Ca" levels, modulating 
Ca"-sensitive signaling pathways, and modulating NFAT 
element-associated Signaling pathways via Galpha 15. 

0233. In additional preferred embodiments, the RAI-3 
transfected CHO/NFAT G alpha 15 cell lines of the present 
invention are useful for the identification of agonists and 
antagonists of the RAI-3 polypeptide. Illustrative uses of 
Such cell lines include methods of identifying RAI-3 ago 
nists and antagonists. Preferably, an embodiment of the 
invention embraces a method of identifying a compound that 
modulates the biological activity of the RAI-3 polypeptide, 
comprising (a) combining a candidate modulator compound 
with a host cell expressing the RAI-3 polypeptide having the 
sequence as set forth in SEQ ID NO:3, or a fragment or 
portion thereof, and (b) measuring an effect of the candidate 
modulator compound on the activity of the expressed RAI-3 
polypeptide. Representative vectors expressing the RAI-3 
polypeptide are described herein, e.g., pcDNA3.1 HygroTM, 
or are otherwise known in the art. 

0234. The cell lines of the present invention are also 
useful in a method of Screening for compounds that are 
capable of modulating the biological activity of the RAI-3 
polypeptide, or a peptide thereof, comprising the Steps of: 
(a) determining the biological activity of the RAI-3 polypep 
tide in the absence of a modulator compound; (b) contacting 
a host cell expressing the RAI-3 polypeptide with the 
modulator compound; and (c) determining the biological 
activity of the RAI-3 polypeptide in the presence of the 
modulator compound; wherein a difference between the 
activity of the RAI-3 polypeptide in the presence of the 
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modulator compound and in the absence of the modulator 
compound indicates a modulating effect of the compound. 
Additional uses for Such cell lines are described herein or 
otherwise known in the art. 

Anti-RAI-3 Antibodies 

0235. The present invention also includes antibodies 
directed to the RAI-3 polypeptide and peptides, as well as 
methods for the production of Such antibodies, including 
antibodies that Specifically recognize one or more RAI-3 
epitopes or epitopes of conserved RAI-3 variants, or peptide 
fragments of RAI-3. Antibodies can be generated against the 
RAI-3 polypeptide comprising, or alternatively, consisting 
of, an epitope of the polypeptide having an amino acid 
sequence of SEQ ID NO:1 or SEQ ID NO:3. Antibodies 
refer to intact molecules as well as fragments thereof, Such 
as Fab, F(ab'), Fv, which are capable of binding to an 
epitopic or antigenic determinant. An antigenic determinant 
refers to that portion of a molecule that makes contact with 
a particular antibody (i.e., an epitope). The term "epitope” as 
used herein, refers to portions of a polypeptide having 
antigenic or immunogenic activity in an animal, preferably 
a mammal, and most preferably a human. An "immunogenic 
epitope' as used herein, refers to a portion of a protein that 
elicits an antibody response in an animal, as determined by 
any method known in the art, for example, by the methods 
for generating antibodies described herein. (See, for 
example, Geysen et al., 1983, Proc. Natl. Acad. Sci. USA, 
81:3998-4002). The term “antigenic epitope” as used herein 
refers to a portion of a protein to which an antibody can 
immunospecifically bind to its antigen as determined by any 
method well known in the art, for example, by the immu 
noassays described herein. Immunospecific binding 
excludes non-specific binding, but does not necessarily 
exclude cross-reactivity with other antigens. Antigenic 
epitopes need not necessarily be immunogenic. Either the 
full-length protein or an antigenic peptide fragment can be 
used. Antibodies are preferably prepared from these regions 
or from discrete fragments in regions of the RAI-3 nucleic 
acid and protein Sequences comprising an epitope. 
0236 Anti-RAI-3 antibodies can also be prepared from 
any region of the RAI-3 polypeptide or peptides thereof as 
described herein. Antibodies can be developed against the 
entire receptor or portions of the receptor, for example, the 
intracellular carboxy terminal domain, the amino terminal 
extracellular domain, the entire transmembrane domain, 
Specific transmembrane Segments, any of the intracellular or 
extracellular loops, or any portions of these regions. Anti 
bodies can also be developed against Specific functional 
Sites, Such as the Site of ligand binding, or Sites that are 
glycosylated, phosphorylated, myristylated, or amidated, for 
example. Also, when inactivation of the protein is desired, a 
preferred fragment generates the production of an antibody 
that diminishes or completely prevents ligand binding. 
0237). In the present invention, antigenic epitopes prefer 
ably contain a Sequence of at least 4, at least 5, at least 6, at 
least 7, more preferably at least 8, at least 9, at least 10, at 
least 11, at least 12, at least 13, at least 14, at least 15, at least 
20, at least 25, at least 30, at least 40, at least 50, and, most 
preferably, between about 15 to about 45 amino acids. 
Preferred polypeptides comprising immunogenic or anti 
genic epitopes are at least 10, 15, 20, 25, 30, 35, 40, 45, 50, 
55, 60, 65, 70, 75, 80, 85,90, 95, or 100 amino acid residues 
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in length. Additional non-exclusive preferred antigenic 
epitopes include the antigenic epitopes disclosed herein, as 
well as portions thereof, as well as any combination of two, 
three, four, five or more of these antigenic epitopes. Anti 
genic epitopes are useful, for example, to raise antibodies, 
including monoclonal antibodies, that Specifically bind the 
epitope. In addition, antigenic epitopes can be used as the 
target molecules in immunoassays. (See, for instance, Wil 
son et al., 1984, Cell, 37:767-778; and Sutcliffe et al., 1983, 
Science, 219:660-666). Such fragments as described herein 
are not to be construed, however, as encompassing any 
fragments which may be disclosed prior to the invention. 

0238 When the RAI-3 protein or a peptide portion of 
RAI-3 is used to immunize a host animal, numerous regions 
of the protein may induce the production of antibodies 
which bind Specifically to a given region or three-dimen 
Sional Structure on the protein; these regions or Structures are 
referred to as antigenic determinants. An antigenic determi 
nant may compete with the intact antigen (i.e., the immu 
nogen used to elicit the immune response) for binding to an 
antibody. Specific binding or specifically binding refer to the 
interaction between a protein or peptide, i.e., the RAI-3 
protein or an RAI-3 peptide, and a binding molecule, Such 
as an agonist, an antagonist, or an antibody. The interaction 
is dependent upon the presence of a particular structure (i.e., 
an antigenic determinant or epitope) of the protein that is 
recognized by the binding molecule. 

0239 Similarly, immunogenic epitopes can be used, for 
example, to induce antibodies according to methods well 
known in the art. (See, for instance, Sutcliffe et al., Supra; 
Wilson et al., Supra; Chow et al., 1985, Proc. Natl. Acad. Sci. 
USA, 82:910-914; and Bittle et al., 1985, J. Gen. Virol., 
66:2347-2354). Preferred immunogenic epitopes include the 
immunogenic epitopes disclosed herein, as well as any 
combination of two, three, four, five or more of these 
immunogenic epitopes. 

0240 The RAI-3 polypeptide comprising one or more 
immunogenic epitopes which elicit an antibody response can 
be introduced together with a carrier protein, Such as albu 
min, to an animal System (Such as rabbit or mouse). Alter 
natively, if the polypeptide is of Sufficient length (e.g., at 
least about 25 amino acids), the polypeptide can be pre 
Sented without a carrier. However, immunogenic epitopes 
comprising as few as 5 to 10 amino acids have been shown 
to be Sufficient to raise antibodies capable of binding to, at 
the very least, linear epitopes in a denatured polypeptide 
(e.g., in Western blotting). 
0241 An epitope-bearing RAI-3 polypeptide or peptide 
can be used to induce antibodies according to methods well 
known in the art including, but not limited to, in vivo 
immunization, in vitro immunization, and phage display 
methods. See, e.g., Sutcliffe et al., Supra; Wilson et al., 
Supra; and Bittle et al., Supra). If in Vivo immunization is 
used, animals can be immunized with free peptide; however, 
the anti-peptide antibody titer may be boosted by coupling 
the peptide to a macromolecular carrier, Such as keyhole 
limpet hemacyanin (KLH), or tetanus toxoid (TT). For 
instance, peptides containing cysteine residues can be 
coupled to a carrier using a linker Such as maleimidoben 
Zoyl-N-hydroxysuccinimide ester (MBS), while other pep 
tides may be coupled to carriers using a more general linking 
agent, Such as glutaraldehyde. 



US 2004/O121362 A1 

0242 Epitope bearing RAI-3 polypeptide or peptides can 
also be synthesized as multiple antigen peptides (MAPs), 
first described by J. P. Tam et al., 1995, Biomed. Pept., 
Proteins, Nucleic Acids, 199, 1(3):123-32; and Calvo, et al., 
1993, J. Immunol., 150(4): 1403–12), which are hereby 
incorporated by reference in their entirety herein. MAPs 
contain multiple copies of a specific peptide attached to a 
non-immunogenic lysine core. MAP peptides usually con 
tain four or eight copies of the peptide, which are often 
referred to as MAP4 or MAP8 peptides. By way of non 
limiting example, MAPs can be Synthesized onto a lysine 
core matrix attached to a polyethylene glycol-polystyrene 
(PEG-PS) support. The peptide of interest is synthesized 
onto the lysine residues using 9-fluorenylmethoxycarbonyl 
(Fmoc) chemistry. For example, Applied BioSystems (Foster 
City, Calif.) offers commercially available MAPresins, such 
as, for example, the Fmoc Resin 4 Branch and the Fmoc 
Resin 8 Branch which can be used to synthesize MAPs. 
Cleavage of MAPs from the resin is performed with stan 
dard trifloroacetic acid (TFA)-based cocktails known in the 
art. Purification of MAPs, except for desalting, is not gen 
erally necessary. MAP peptides can be used in immunizing 
vaccineS which elicit antibodies that recognize both the 
MAP and the native protein from which the peptide was 
derived. 

0243 Epitope-bearing RAI-3 polypeptide and peptides 
thereof can also be incorporated into a coat protein of a 
Virus, which can then be used as an immunogen or a vaccine 
with which to immunize animals, including humans, in order 
Stimulate the production of anti-epitope antibodies. For 
example, the V3 loop of the gp120 glycoprotein of the 
human immunodeficiency virus type 1 (HIV-1) has been 
engineered to be expressed on the Surface of rhinovirus. 
Immunization with rhinovirus displaying the V3 loop pep 
tide yielded apparently effective mimics of the HIV-1 immu 
nogens (as measured by their ability to be neutralized by 
anti-HIV-1 antibodies as well as by their ability to elicit the 
production of antibodies capable of neutralizing HIV-1 in 
cell culture). This techniques of using engineered viral 
particles as immunogens is described in more detail in Smith 
et al., 1997, Behring Inst Mitt Feb, (98):229-39; Smith et al., 
1998, J. Virol.., 72:651-659; and Zhang et al., 1999, Biol. 
Chem., 380:365-74), which are hereby incorporated by 
reference herein in their entireties. 

0244 Epitope bearing RAI-3 polypeptide and peptides 
thereof can be modified, for example, by the addition of 
amino acids at the amino- and/or carboxy-terminus of the 
peptide. Such modifications are performed, for example, to 
alter the conformation of the epitope bearing polypeptide 
Such that the epitope will have a conformation more closely 
related to the Structure of the epitope in the native protein. 
An example of a modified epitope-bearing polypeptide of 
the invention is a polypeptide in which one or more cysteine 
residues have been added to the polypeptide to allow for the 
formation of a disulfide bond between two cysteines, thus 
resulting in a Stable loop Structure of the epitope-bearing 
polypeptide under non-reducing conditions. Disulfide bonds 
can form between a cysteine residue added to the polypep 
tide and a cysteine residue of the naturally-occurring 
epitope, or between two cysteines which have both been 
added to the naturally-occurring epitope-bearing polypep 
tide. In addition, it is possible to modify one or more amino 
acid residues of the naturally-occurring epitope-bearing 
polypeptide by Substitution with cysteines to promote the 
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formation of disulfide bonded loop structures. Cyclic thio 
ether molecules of Synthetic peptides can be routinely gen 
erated using techniques known in the art, e.g., as described 
in PCT publication WO 97/46251, incorporated in its 
entirety by reference herein. Other modifications of epitope 
bearing polypeptides contemplated by this invention include 
biotinylation. 

0245 For the production of antibodies in vivo, host 
animals, Such as rabbits, rats, mice, sheep, or goats, are 
immunized with either free or carrier-coupled peptides or 
MAP peptides, for example, by intraperitoneal and/or intra 
dermal injection. Injection material is typically an emulsion 
containing about 100 lug of peptide or carrier protein and 
Freund's adjuvant, or any other adjuvant known for Stimu 
lating an immune response. Several booster injections may 
be needed, for instance, at intervals of about two weeks, to 
provide a useful titer of anti-peptide antibody which can be 
detected, for example, by ELISA assay using free peptide 
adsorbed to a Solid Surface. The titer of anti-peptide anti 
bodies in Serum from an immunized animal can be increased 
by Selection of anti-peptide antibodies, e.g., by adsorption of 
the peptide onto a Solid Support and elution of the Selected 
antibodies according to methods well known in the art. 
0246. As one having skill in the art will appreciate, and 
as discussed above, the RAI-3 polypeptide and peptides as 
described herein, which comprise an immunogenic or anti 
genic epitope, can be fused to other polypeptide Sequences. 
For example, the polypeptides of the present invention can 
be fused with the constant domain of immunoglobulins 
(IgA, IgE, IgG, Ig|D, or IgM), or portions thereof, e.g., CH1, 
CH2, CH3, or any combination thereof, and portions 
thereof, or with albumin (including, but not limited to, 
recombinant human albumin, or fragments or variants 
thereof (see, e.g., U.S. Pat. No. 5,876,969; EP Patent No. 0 
413 622; and U.S. Pat. No. 5,766,883, incorporated by 
reference in their entirety herein), thereby resulting in chi 
meric polypeptides. Such fusion proteins may facilitate 
purification and may increase half-life in Vivo. This has been 
shown for chimeric proteins containing the first two domains 
of the human CD4-polypeptide and various domains of the 
constant regions of the heavy or light chains of mammalian 
immunoglobulins. See, e.g., Traunecker et al., 1988, Nature, 
331:84-86). 
0247 Enhanced delivery of an antigen across the epithe 

lial barrier to the immune System has been demonstrated for 
antigens (e.g., insulin) conjugated to an FcRn binding part 
ner, Such as IgG or Fc fragments (see, e.g., PCT publications 
WO 96/22024 and WO 99/04813). IgG fusion proteins that 
have a disulfide-linked dimeric structure due to the IgG 
portion disulfide bonds have also been found to be more 
efficient in binding and neutralizing other molecules than are 
monomeric polypeptides, or fragments thereof, alone. See, 
e.g., Fountoulakis et al., 1995, J. Biochem., 270:3958-3964). 
0248 Nucleic acids encoding epitopes can also be recom 
bined with a gene of interest as an epitope tag (e.g., a 
hemagglutinin ("HA) tag or Flag tag) to aid in detection 
and purification of the expressed polypeptide. For example, 
a System for the ready purification of non-denatured fusion 
proteins expressed in human cell lines has been described by 
Janknecht et al., (1991, Proc. Natl. Acad. Sci. USA,88: 8972 
897). In this system, the gene of interest is subcloned into a 
vaccinia recombination plasmid Such that the open reading 



US 2004/O121362 A1 

frame of the gene is translationally fused to an amino 
terminal tag having Six histidine residues. The tag Serves as 
a matrix binding domain for the fusion protein. Extracts 
from cells infected with the recombinant vaccinia virus are 
loaded onto an Ni" nitriloacetic acid-agarose column and 
histidine-tagged proteins are Selectively eluted with imida 
Zole-containing buffers. 
0249 Additional fusion proteins of the invention can be 
generated by employing the techniques of gene-shuffling, 
motif-shuffling, exon-shuffling, and/or codon-Shuffling (col 
lectively referred to as “DNA shuffling”). DNA shuffling can 
be employed to modulate the activities of polypeptides of 
the invention, Such methods can be used to generate 
polypeptides with altered activity, as well as agonists and 
antagonists of the polypeptides. See, generally, U.S. Pat. 
Nos. 5,605,793; 5,811,238; 5,830,721; 5,834,252; and 
5,837,458, and Patten et al., 1997, Curr. Opinion Biotech 
nol.., 8:724-33; Harayama, 1998, Trends Biotechnol., 
16(2):76-82; Hansson, et al., 1999, J. Mol. Biol., 287:265 
76; and Lorenzo and Blasco, 1998, Biotechniques, 
24(2):308-313, the contents of each of which are hereby 
incorporated by reference in its entirety). 
0250 In one aspect, the alteration of a polynucleotide 
encoding the RAI-3 polypeptide or a fragment thereof can 
be achieved by DNA shuffling. DNA shuffling involves the 
assembly of two or more DNA segments by homologous or 
Site-specific recombination to generate variation in the poly 
nucleotide Sequence. Alternatively, the RAI-3 polynucle 
otide, or its encoded polypeptide or peptides, can be altered 
by being Subjected to random mutagenesis by error-prone 
PCR, random nucleotide insertion, or other methods, prior to 
recombination. In addition, one or more components, motifs, 
Sections, parts, domains, fragments, etc., of a polynucleotide 
encoding the RAI-3 polypeptide can be recombined with 
one or more components, motifs, Sections, parts, domains, 
fragments, etc. of one or more heterologous molecules. 
0251 Abispecific or bifunctional antibody is an artificial 
hybrid antibody having two different heavy/light chain pairs 
and two different binding sites. Bispecific antibodies can be 
produced by a variety of methods, including fusion of 
hybridomas or linking of Fab' fragments. (See, e.g., Song 
Sivilai & Lachmann, 1990, Clin. Exp. Immunol., 79:315 
321; Kostelny et al., 1992, J. Immunol., 148:1547 1553). In 
addition, bispecific antibodies can be formed as “diabodies” 
(See, Holliger et al., 1993, Proc. Natl. Acad. Sci. USA, 
90:6444-6448), or “Janusins” (See, Traunecker et al., 1991, 
EMBO.J., 10:3655-3659 and Traunecker et al., 1992, Int. J. 
Cancer Suppl. 7:51-52-127). 
0252) Antibodies of the invention include the various 
types mentioned herein above, as well as anti-idiotypic 
(anti-Id) antibodies (including, e.g., anti-Id antibodies to 
antibodies of the invention), intracellularly made antibodies 
(i.e., intrabodies), and epitope-binding fragments of any of 
the above. The immunoglobulin molecules of the invention 
can be of any type (e.g., IgG, IgE, IgM, Ig|D, IgA and IgY), 
class or Subclass (e.g., IgG1, IgG2, IgG3, IgG4, IgA1 and 
IgA2) of immunoglobulin molecule. A preferred immuno 
globulin is of the IgG1 isotype. Other preferred antibody 
isotypes include the IgG2 and the IgG4 isotypes. 
0253 AS is appreciated by the skilled practitioner, immu 
noglobulins can have both a heavy and a light chain. An 
array of IgG, IgE, IgM, Ig), IgA, and IgY heavy chains can 
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be paired with a light chain of the kappa or lambda types. 
Most preferably, antibodies of the present invention are 
human antigen-binding antibodies and antibody fragments 
and include, but are not limited to, Fab, Fab' F(ab')2, Fd, 
Single-chain FVS (ScFv), Single-chain antibodies, disulfide 
linked FVS (SdPV) and fragments comprising either a V or 
V domain. Antigen-binding antibody fragments, including 
Single-chain antibodies, can comprise the variable region(s) 
alone or in combination with the entirety or a portion of the 
following: hinge region, and CH1, CH2, and CH3 domains. 
Also included in connection with the invention are antigen 
binding fragments also comprising any combination of 
variable region(s) with a hinge region, and CH1, CH2, and 
CH3 domains. The antibodies of the invention can be from 
any animal origin including birds and mammals. Preferably, 
the antibodies are of human, murine (e.g., mouse and rat), 
donkey, sheep, rabbit, goat, guinea pig, camel, horse, or 
chicken origin. AS used herein, "human' antibodies include 
antibodies having the amino acid Sequence of a human 
immunoglobulin and include antibodies isolated from 
human immunoglobulin libraries or from animals transgenic 
for one or more human immunoglobulin and that do not 
express endogenous immunoglobulins, as described herein 
and, for example, in U.S. Pat. No. 5,939,598. 

0254 The antibodies of the present invention can be 
monospecific, bispecific, trispecific, or of greater multispeci 
ficity. Multispecific antibodies can be specific for different 
epitopes of the RAI-3 polypeptide, or can be specific for 
both an RAI-3 polypeptide and a heterologous epitope, Such 
as a heterologous polypeptide or Solid Support material. 
(See, e.g., PCT publications WO 93/17715; WO92/08802; 
WO 91/00360; WO92/05793; Tutt et al., 1991, J. Immunol., 
147:60-69; U.S. Pat. Nos. 4,474,893; 4,714,681; 4,925,648; 
5,573,920; 5,601,819; and Kostelny et al., 1992, J. Immu 
nol., 148:1547-1553). 
0255 Antibodies of the present invention can be 
described or specified in terms of the epitope(s) or portion(s) 
of the RAI-3 polypeptide which are recognized or Specifi 
cally bound. The epitope(s) or polypeptide portion(s) can be 
Specified, e.g., by N-terminal and C-terminal positions, by 
Size in contiguous amino acid residues, or as presented in the 
Sequences defined herein. Further included in accordance 
with the present invention are antibodies which bind to 
polypeptides encoded by polynucleotides which hybridize to 
the RAI-3 polynucleotide (SEQ ID NO:2) under stringent, 
or moderately Stringent, hybridization conditions as 
described herein. 

0256 The antibodies of the invention (including mol 
ecules comprising, or alternatively consisting of, antibody 
fragments or variants thereof) can bind immunospecifically 
and/or preferentially to an RAI-3 polypeptide, an RAI-3 
polypeptide fragment, or a variant RAI-3 protein. By way of 
non-limiting example, an antibody can be considered to bind 
to a first antigen preferentially if it binds to the first antigen 
with a dissociation constant (Kd) that is less than the 
antibody's Kd for the Second antigen. In another non 
limiting embodiment, an antibody can be considered to bind 
to a first antigen preferentially if it binds to the first antigen 
with an affinity that is at least one order of magnitude leSS 
than the antibody's Ka for the Second antigen. In another 
non-limiting example, an antibody can be considered to bind 
to a first antigen preferentially if it binds to the first antigen 
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with an affinity that is at least two orders of magnitude leSS 
than the antibody's Kd for the Second antigen. 
0257. In another nonlimiting example, an antibody can be 
considered to bind to a first antigen preferentially if it binds 
to the first antigen with an off rate (koff) that is less than the 
antibody's koff for the second antigen. In a further nonlim 
iting example, an antibody can be considered to bind to a 
first antigen preferentially if it binds to the first antigen with 
an affinity that is at least one order of magnitude less than the 
antibody's koff for the second antigen. In yet a further 
nonlimiting example, an antibody can be considered to bind 
to a first antigen preferentially if it binds to the first antigen 
with an affinity that is at least two orders of magnitude leSS 
than the antibody's koff for the Second antigen. 
0258 Anti-RAI-3-antibodies of this invention can also be 
described or specified in terms of their binding affinity to the 
RAI-3 polypeptide or peptide thereof. Preferred binding 
affinities include those with a dissociation constant or Kd of 
less than 5x10 M, 1x10°M, 5x10M, 1x10M,5x10' 
M, or 1x10" M. More preferred binding affinities include 
those with a dissociation constant or Kd less than 5x10 M, 
1x10 M, 5x10 M, 1x10 M, 5x107 M, 1x107 M, 
5x10 M, or 1x10 M. Even more preferred antibody 
binding affinities include those with a dissociation constant 
or Kd of less than 5x10M, 1x10M,5x1O'M, 1x10' 
M,5x10 M, 1x10' M,5x10° M, 1x10°M,5x10 
M, 1x10 M,5x10' M, 1x10'M,5x10's M, or 1x10 
15 M. 

0259 More specifically, antibodies of the invention bind 
to the RAI-3 polypeptide, RAI-3 fragments, or variants 
thereof, with an off rate (koff) of less than or equal to about 
5x10° sec', 1x10° sec", 5x10 sec', or 1x10 sec'. 
More preferably, antibodies of the invention bind to the 
RAI-3 polypeptide, RAI-3 fragments, or variants thereof, 
with an off rate (koff) of less than or equal to about 5x10" 
sec, 1x10' sec, 5x10 sec', 1x10 sec", 5x10 
sec, 1x10 sec", 5x107 sec', or 1x107 sec'. In other 
aspects, antibodies of the invention bind to the RAI-3 
polypeptide, RAI-3 fragments, or variants thereof with an on 
rate (kon) of greater than or equal to 1x10M sec", 5x10 
M' sec', 1x10" M' sec', or 5x10" M' sec'. More 
preferably, antibodies of the invention bind to the RAI-3 
polypeptide, or RAI-3 fragments, or variants thereof with an 
on rate greater than or equal to 1x10 M' sec, 5x10 M 
sec, 1x10 M sec, 5x10 M sec, or 1x107 M. 
sec'. 

0260 The present invention also provides antibodies that 
competitively inhibit the binding of an antibody to an RAI-3 
epitope as determined by any method known in the art for 
determining competitive binding, for example, the immu 
noassays as described herein. In preferred embodiments, the 
antibody competitively inhibits binding to an epitope by at 
least 95%, at least 90%, at least 85%, at least 80%, at least 
75%, at least 70%, at least 60%, or at least 50%. 

0261 AS mentioned above, antibodies of the present 
invention can act as agonists or antagonists of the RAI-3 
polypeptide. For example, the invention includes antibodies 
which disrupt RAI-3 receptor/ligand interactions, or disrupt 
interactions of cellular molecules affected by RAI-3 follow 
ing cell Stimulation, either partially or fully. The invention 
includes both receptor-specific antibodies and ligand-spe 
cific antibodies. The invention also includes receptor-spe 
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cific antibodies which do not prevent ligand binding, but do 
prevent receptor activation. Receptor activation (i.e., Signal 
ing) can be determined by techniques described herein or as 
otherwise known in the art. For example, receptor activation 
can be determined by detecting the phosphorylation (e.g., on 
tyrosine or Serine/threonine) of the receptor or its Substrate 
by immunoprecipitation followed by Western blot analysis. 
In specific embodiments, antibodies are provided that inhibit 
ligand activity or receptor activity by at least 95%, at least 
90%, at least 85%, at least 80%, at least 75%, at least 70%, 
at least 60%, or at least 50% of the activity in the absence 
of the antibody. 
0262. In an embodiment of the present invention, anti 
bodies that immunospecifically bind to the RAI-3 protein, or 
to a fragment or variant thereof, comprise a polypeptide 
having the amino acid Sequence of any one of the Ig heavy 
chains expressed by an anti-RAI-3 protein antibody-ex 
pressing cell line of the invention, and/or any one of the Ig 
light chains expressed by an anti-RAI-3 protein antibody 
expressing cell line of the invention. In another embodiment 
of the present invention, antibodies that immunospecifically 
bind to the RAI-3 protein, or to a fragment or variant thereof, 
comprise a polypeptide having the amino acid Sequence of 
any one of the V domains of a heavy chain expressed by an 
anti-RAI-3 protein antibody-expressing cell line, and/or any 
one of the V domains of a light chain expressed by an 
anti-RAI-3 protein antibody-expressing cell line. In pre 
ferred embodiments, antibodies of the present invention 
comprise the amino acid Sequence of a V domain and VL 
domain expressed by a single anti-RAI-3 protein antibody 
expressing cell line. In alternative embodiments, antibodies 
of the present invention comprise the amino acid Sequence 
of a V domain and a V domain expressed by two different 
anti-RAI-3 protein antibody-expressing cell lines. Mol 
ecules comprising, or alternatively consisting of, antibody 
fragments or variants of the V and/or V. domains 
expressed by an anti-RAI-3 protein antibody-expressing cell 
line that immunospecifically bind to an RAI-3 protein are 
also encompassed by the invention, as are nucleic acid 
molecules encoding these V and V. domains, molecules, 
fragments and/or variants. 
0263. The present invention also provides antibodies that 
immunospecificially bind to the RAI-3 polypeptide, or frag 
ment or variant of the RAI-3 protein, wherein the antibodies 
comprise, or alternatively consist of, a polypeptide having 
an amino acid Sequence of any one, two, three, or more of 
the VCDRS contained in an Ig heavy chain expressed by 
one or more anti-RAI-3 protein antibody expressing cell 
lines. In particular, the invention provides antibodies that 
immunospecifically bind to the RAI-3 protein, comprising, 
or alternatively consisting of, a polypeptide having the 
amino acid Sequence of a VCDR1 contained in an Ig heavy 
chain expressed by one or more anti-RAI-3 protein antibody 
expressing cell lines. In another embodiment, antibodies that 
immunospecifically bind to the RAI-3 protein, comprise, or 
alternatively consist of, a polypeptide having the amino acid 
Sequence of a V CDR2 contained in a heavy chain 
expressed by one or more anti-RAI-3 protein antibody 
expressing cell lines. In a preferred embodiment, antibodies 
that immunospecifically bind to the RAI-3 protein, com 
prise, or alternatively consist of, a polypeptide having the 
amino acid Sequence of a VCDR3 contained in an Ig heavy 
chain expressed by one or more anti-RAI-3 protein antibody 
expressing cell lines of the invention. Molecules comprising, 
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or alternatively consisting of, these antibodies, or antibody 
fragments or variants thereof, that immunospecifically bind 
to the RAI-3 protein or to an RAI-3 protein fragment or 
variant thereofare also encompassed by the invention, as are 
nucleic acid molecules encoding these anti-RAI-3 antibod 
ies, molecules, fragments and/or variants. 

0264. The present invention also provides antibodies that 
immunospecificially bind to the RAI-3 polypeptide, or a 
fragment or variant of the RAI-3 protein, wherein the 
antibodies comprise, or alternatively consist of, a polypep 
tide having an amino acid Sequence of any one, two, three, 
or more of the VCDRs contained in an Ig heavy chain 
expressed by one or more anti-RAI-3 protein antibody 
expressing cell lines of the invention. In particular, the 
invention provides antibodies that immunospecifically bind 
to the RAI-3 protein, comprising, or alternatively consisting 
of, a polypeptide having the amino acid sequence of a V 
CDR1 contained in an Ig heavy chain expressed by one or 
more anti-RAI-3 protein antibody-expressing cell lines of 
the invention. In another embodiment, antibodies that immu 
nospecifically bind to the RAI-3 protein, comprise, or alter 
natively consist of, a polypeptide having the amino acid 
Sequence of a VCDR2 contained in an Ig heavy chain 
expressed by one or more anti-RAI-3 protein antibody 
expressing cell lines of the invention. In a preferred embodi 
ment, antibodies that immunospecifically bind to the RAI-3 
protein, comprise, or alternatively consist of, a polypeptide 
having the amino acid Sequence of a VCDR3 contained in 
an Ig heavy chain expressed by one or more anti-RAI-3 
protein antibody-expressing cell lines of the invention. Mol 
ecules comprising, or alternatively consisting of, these anti 
bodies, or antibody fragments or variants thereof, that 
immunospecifically bind to the RAI-3 protein or to an RAI-3 
protein fragment or variant thereof are also encompassed by 
the invention, as are nucleic acid molecules encoding these 
anti-RAI-3 antibodies, molecules, fragments and/or vari 
antS. 

0265. The present invention also provides antibodies 
(including molecules comprising, or alternatively consisting 
of, antibody fragments or variants) that immunospecifically 
bind to the RAI-3 protein or to an RAI-3 polypeptide 
fragment or variant, wherein the antibodies comprise, or 
alternatively consist of, one, two, three, or more VCDRS, 
and one, two, three or more VCDRS, as contained in an Ig 
heavy chain or light chain expressed by one or more 
anti-RAI-3 protein antibody-expressing cell lines of the 
invention. In particular, the invention provides antibodies 
that immunospecifically bind to the RAI-3 protein or to an 
RAI-3 polypeptide fragment or variant, wherein the anti 
bodies comprise, or alternatively consist of, a VCDR1 and 
a VCDR1, a VCDR1 and a VCDR2, a VCDR1 and 
a VCDR3, a VCDR2 and a VCDR1, VCDR2 and V. 
CDR2, a VCDR2 and a VCDR3, a VCDR3 and a V 
CDR1, a VCDR3 and a VCDR2, a VCDR3 and a V 
CDR3, or any combination thereof, of the VCDRs and V. 
CDRS contained in an Ig heavy chain or Ig light chain 
expressed by one or more anti-RAI-3 protein antibody 
expressing cell lines of the invention. In a preferred embodi 
ment, one or more of these combinations are from a single 
anti-RAI-3 protein antibody-expressing cell line. Molecules 
comprising, or alternatively consisting of, fragments or 
variants of these antibodies that immunospecifically bind to 
the RAI-3 protein are also encompassed by the invention, as 
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are nucleic acid molecules encoding these anti-RAI-3 anti 
bodies, molecules, fragments or variants. 
0266. Also provided are nucleic acid molecules, gener 
ally isolated, encoding an antibody of the invention (includ 
ing molecules comprising, or alternatively consisting of, 
antibody fragments or variants thereof). In a specific aspect, 
a nucleic acid molecule of the invention encodes an antibody 
(including molecules comprising, or alternatively consisting 
of, antibody fragments or variants thereof), comprising, or 
alternatively consisting of, a V domain having an amino 
acid Sequence of any one of the V domains of an immu 
noglobulin heavy chain expressed by an anti-RAI-3 protein 
antibody-expressing cell line of the invention and a V 
domain having an amino acid Sequence of an immunoglo 
bulin light chain expressed by an anti-RAI-3 protein anti 
body-expressing cell line of the invention. In another aspect, 
a nucleic acid molecule of the invention encodes an antibody 
(including molecules comprising, or alternatively consisting 
of, antibody fragments or variants thereof), comprising, or 
alternatively consisting of, a V domain having an amino 
acid Sequence of any one of the V domains of an immu 
noglobulin heavy chain expressed by an anti-RAI-3 protein 
antibody-expressing cell line of the invention, or a V 
domain having an amino acid Sequence of a light chain 
expressed by an anti-RAI-3 protein antibody-expressing cell 
line of the invention. The present invention also provides 
antibodies that comprise, or alternatively consist of, variants 
(including derivatives) of the antibody molecules (e.g., the 
V domains and/or V. domains) described herein, which 
antibodies immunospecifically bind to the RAI-3 protein or 
to a fragment or a variant thereof. 
0267 Standard techniques known to those of skill in the 
art can be used to introduce mutations in the nucleotide 
Sequence encoding a molecule of the invention, including, 
for example, Site-directed mutagenesis and PCR-mediated 
mutagenesis which result in amino acid Substitutions. Pref 
erably the molecules are immunoglobulin molecules. Also, 
preferably, the variants (including derivatives) encode less 
than 50 amino acid Substitutions, less than 40 amino acid 
Substitutions, less than 30 amino acid Substitutions, less than 
25 amino acid Substitutions, less than 20 amino acid Sub 
Stitutions, less than 15 amino acid Substitutions, leSS than 10 
amino acid Substitutions, leSS than 5 amino acid Substitu 
tions, less than 4 amino acid Substitutions, less than 3 amino 
acid Substitutions, or less than 2 amino acid Substitutions, 
relative to the reference V domain, V CDR1, VCDR2, 
VCDR3, V. domain, V. CDR1, VCDR2, or VCDR3 
domain. 

0268 A “conservative amino acid substitution' is one in 
which the amino acid residue is replaced with an amino acid 
residue having a Side chain with a similar charge. Families 
of amino acid residues having Side chains with Similar 
charges have been defined in the art. These families include 
amino acids with basic side chains (e.g., lysine, arginine, 
histidine), acidic side chains (e.g., aspartic acid, glutamic 
acid), uncharged polar side chains (e.g., glycine, asparagine, 
glutamine, Serine, threonine, tyrosine, cysteine), nonpolar 
side chains (e.g., alanine, Valine, leucine, isoleucine, proline, 
phenylalanine, methionine, tryptophan), beta-branched side 
chains (e.g., threonine, valine, isoleucine) and aromatic side 
chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). 
0269. Alternatively, mutations can be introduced ran 
domly along all or part of the coding Sequence, Such as by 
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Saturation mutagenesis. The resultant mutants can be 
Screened for biological activity to identify mutants that 
retain activity. For example, it is possible to introduce 
mutations only in framework regions or only in CDR 
regions of an antibody molecule. Introduced mutations can 
be silent or neutral missense mutations, i.e., have no, or 
little, effect on an antibody's ability to bind antigen. These 
types of mutations can be useful to optimize codon usage, or 
to improve hybridoma antibody production. Alternatively, 
non-neutral missense mutations can alter an antibody's 
ability to bind antigen. The location of most silent and 
neutral missense mutations is likely to be in the framework 
regions, while the location of most non-neutral missense 
mutations is likely to be in the CDRs, although this is not an 
absolute requirement. One of skill in the art is able to design 
and test mutant molecules with desired properties, Such as 
no alteration in antigen binding activity or alteration in 
binding activity (e.g., improvements in antigen binding 
activity or change in antibody specificity). Following 
mutagenesis, the encoded protein may routinely be 
expressed and the functional and/or biological activity of the 
encoded protein can be determined using techniques 
described herein or by routinely modifying techniques 
known and practiced in the art. 

0270. In a specific aspect, an antibody of the invention 
(including a molecule comprising, or alternatively consist 
ing of, an antibody fragment or variant thereof), that immu 
nospecifically binds to the RAI-3 protein or to fragments or 
variants thereof, comprises, or alternatively consists of, an 
amino acid Sequence encoded by a nucleotide Sequence that 
hybridizes to a nucleotide Sequence that is complementary to 
that encoding one of the V or V. domains expressed by one 
or more anti-RAI-3 protein antibody-expressing cell lines of 
the invention, preferably under Stringent conditions, e.g., 
hybridization to filter-bound DNA in 6x sodium chloride/ 
sodium citrate (SSC) at about 45° C. followed by one or 
more washes in 0.2xSSC/0.1% SDS at about 50-65 C., 
preferably under highly Stringent conditions, e.g., hybrid 
ization to filter-bound nucleic acid in 6xSSC at about 45 C. 
followed by one or more washes in 0.1XSSC/0.2% SDS at 
about 68 C., or under other stringent hybridization condi 
tions which are known to those of skill in the art (see, for 
example, Ausubel, F. M. et al., eds., 1989, Current Protocols 
in Molecular Biology, Vol. I, Green Publishing Associates, 
Inc. and John Wiley & Sons, Inc., New York at pages 
6.3.1-6.3.6 and 2.10.3). Nucleic acid molecules encoding 
these antibodies are also encompassed by the invention. 

0271. It is well known within the art that polypeptides, or 
fragments or variants thereof, with Similar amino acid 
Sequences often have similar structures and many of the 
Same biological activities. Thus, in one aspect, an antibody 
(including a molecule comprising, or alternatively consist 
ing of, an antibody fragment or variant thereof), that immu 
nospecifically binds to the RAI-3 polypeptide, or to RAI-3 
peptide fragments or variants, comprises, or alternatively 
consists of, a V domain having an amino acid sequence that 
is at least 35%, at least 40%, at least 45%, at least 50%, at 
least 55%, at least 60%, at least 65%, at least 70%, at least 
75%, at least 80%, at least 85%, at least 90%, at least 95%, 
or at least 99% identical to the amino acid Sequence of a V 
domain of a heavy chain expressed by an anti-RAI-3 protein 
antibody-expressing cell line of the invention. 
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0272. In another aspect, an antibody (including a mol 
ecule comprising, or alternatively consisting of, an antibody 
fragment or variant thereof), that immunospecifically binds 
to the RAI-3 protein or to RAI-3 fragments or variants, 
comprises, or alternatively consists of, a V, domain having 
an amino acid Sequence that is at least 35%, at least 40%, at 
least 45%, at least 50%, at least 55%, at least 60%, at least 
65%, at least 70%, at least 75%, at least 80%, at least 85%, 
at least 90%, at least 95%, or at least 99% identical to the 
amino acid Sequence of a V domain of a light chain 
expressed by an anti-RAI-3 protein antibody-expressing cell 
line of the invention. 

0273. The present invention also provides antibodies 
(including molecules comprising, or alternatively consisting 
of, antibody fragments or variants thereof), that down 
regulate the cell-Surface expression of an RAI-3 protein, as 
determined by any method known in the art Such as, for 
example, FACS analysis or immunofluorescence assays. By 
way of a non-limiting hypothesis, Such down-regulation 
may be the result of antibody induced internalization of the 
RAI-3 protein. Such antibodies can comprise, or alterna 
tively consist of, a portion (e.g., V CDR1, VCDR2, V 
CDR3, V CDR1, VCDR2, or V. CDR3) of a V or V. 
domain having an amino acid Sequence of an antibody of the 
invention, or a fragment or variant thereof. 
0274. In another aspect, an antibody that down-regulates 
the cell-Surface expression of the RAI-3 protein comprises, 
or alternatively consists of, a polypeptide having the amino 
acid Sequence of a V domain of an antibody of the 
invention, or a fragment or variant thereof and a V domain 
of an antibody of the invention, or a fragment or variant 
thereof. In another aspect, an antibody that down-regulates 
the cell-Surface expression of the RAI-3 protein comprises, 
or alternatively consists of, a polypeptide having the amino 
acid Sequence of a V domain and a Vidomain from a single 
antibody (or scFv or Fab fragment) of the invention, or 
fragments or variants thereof. In another aspect, an antibody 
that down-regulates the cell-Surface expression of the RAI-3 
protein comprises, or alternatively consists of, a polypeptide 
having the amino acid Sequence of a V domain of an 
antibody of the invention, or a fragment or variant thereof. 
In another aspect, an antibody that down-regulates the 
cell-Surface expression of the RAI-3 protein comprises, or 
alternatively consists of, a polypeptide having the amino 
acid Sequence of a V domain of an antibody of the inven 
tion, or a fragment or variant thereof. 
0275. In a preferred aspect, an antibody that down 
regulates the cell-Surface expression of the RAI-3 protein 
comprises, or alternatively consists of, a polypeptide having 
the amino acid sequence of a VCDR3 of an antibody of the 
invention, or a fragment or variant thereof. In another 
preferred aspect, an antibody that down-regulates the cell 
Surface expression of the RAI-3 protein comprises, or alter 
natively consists of, a polypeptide having the amino acid 
sequence of a VCDR3 of an antibody of the invention, or 
a fragment or variant thereof. Nucleic acid molecules encod 
ing these antibodies are also encompassed by the invention. 
0276. In another preferred aspect, an antibody that 
enhances the activity of the RAI-3 protein, or a fragment or 
variant thereof, comprises, or alternatively consists of, a 
polypeptide having the amino acid Sequence of a VCDR3 
of an antibody of the invention, or a fragment or variant 
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thereof. Nucleic acid molecules encoding these antibodies 
are also encompassed by the invention. 
0277. In addition, as nonlimiting examples, anti-RAI-3 
antibodies as described herein can be used to purify, detect, 
and target the RAI-3 polypeptide, including both in vitro and 
in Vivo diagnostic, detection, Screening, and/or therapeutic 
methods. For example, the antibodies can be used in immu 
noassays for qualitatively and quantitatively measuring lev 
els of the RAI-3 protein in biological Samples. (See, e.g., 
Harlow et al., Antibodies: A Laboratory Manual, Cold 
Spring Harbor Laboratory Press, 2nd Ed. 1988, which is 
incorporated by reference herein in its entirety). By way of 
another nonlimiting example, anti-RAI-3 antibodies can be 
administered to individuals as a form of passive immuniza 
tion. Alternatively, antibodies of the present invention can be 
used for epitope mapping to identify the epitope(s) that are 
bound by one or more antibodies. Epitopes identified in this 
way can, in turn, for example, be used as vaccine candidates, 
i.e., to immunize an individual to elicit antibodies against the 
naturally-occurring forms of the RAI-3 protein. 
0278 As discussed in more detail below, anti-RAI-3 
antibodies can be used either alone or in combination with 
other compositions. The antibodies can further be recombi 
nantly fused to a heterologous polypeptide at the N-or 
C-terminus, or chemically conjugated (including covalent 
and non-covalent conjugations) to polypeptides or other 
compositions. For example, antibodies of the present inven 
tion can be recombinantly fused or conjugated to molecules 
that are useful as labels in detection assays and to effector 
molecules Such as heterologous polypeptides, drugs, radio 
nuclides, or toxins. See, e.g., PCT publications WO 
92/08495; WO 91/14438; WO 89/12624; U.S. Pat. No. 
5,314,995 and EP 396,387. 
0279. The antibodies of the invention further include 
derivatives that are modified, i.e., by the covalent attachment 
of any type of molecule to the antibody. For example, 
without limitation, anti-RAI-3 antibody derivatives include 
antibodies that have been modified, e.g., by glycosylation, 
acetylation, pegylation, phosphorylation, amidation, deriva 
tization by known protecting/blocking groups, proteolytic 
cleavage, linkage to a cellular ligand or other protein, etc. 
Any of numerous chemical modifications can be carried out 
by known techniques, including, but not limited to, Specific 
chemical cleavage, acetylation, formylation, metabolic Syn 
thesis of tunicamycin, etc. In addition, the derivative can 
contain one or more non-classical amino acids. 

0280 Anti-RAI-3 antibodies of the present invention can 
be generated by any Suitable method known in the art. 
Polyclonal antibodies directed against an antigen or immu 
nogen of interest can be produced by various procedures 
well known in the art. For example, the RAI-3 protein or an 
RAI-3 peptide can be administered to various host animals 
as elucidated above to induce the production of Sera con 
taining polyclonal antibodies Specific for the antigen. Vari 
ous adjuvants may be used to increase the immunological 
response, depending on the host Species, adjuvants include, 
but are not limited to, Freund's (complete and incomplete), 
mineral gels Such as aluminum hydroxide, Surface active 
Substances Such as lySolecithin, pluronic polyols, polyan 
ions, peptides, oil emulsions, keyhole limpet hemocyanins, 
dinitrophenol, and potentially useful human adjuvants Such 
as BCG (bacille Calmette-Guerin) and corynebacterium 
parvum. Such adjuvants are also well known in the art. 
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0281 Monoclonal antibodies can be prepared using a 
wide variety of techniques known in the art, including the 
use of hybridoma, recombinant and phage display technolo 
gies, or a combination thereof. For example, monoclonal 
antibodies can be produced using hybridoma techniques as 
known and practiced in the art and as taught, for example, 
in Harlow et al., Antibodies: A Laboratory Manual, (Cold 
Spring Harbor Laboratory Press, 2nd Ed. 1988; Hammer 
ling, et al., In: Monoclonal Antibodies and T-Cell Hybrido 
mas, Elsevier, N.Y., pages 563-681, 1981, the contents of 
which are incorporated herein by reference in their entire 
ties. The term “monoclonal antibody” as used herein is not 
limited to antibodies produced through hybridoma technol 
ogy. The term “monoclonal antibody” refers to an antibody 
that is derived from a single clone, including any eukaryotic, 
prokaryotic, or phage clone, and not the method by which it 
is produced. 
0282 Methods for producing and screening for specific 
antibodies using hybridoma technology are routine and well 
known in the art. In a nonlimiting example, mice can be 
immunized with the RAI-3 polypeptide or a peptide thereof, 
or with a cell expressing the RAI-3 polypeptide or peptide. 
Once an immune response is detected, e.g., antibodies 
Specific for the antigen are detected in the Sera of immunized 
mice, the Spleen is harvested and Splenocytes are isolated. 
The Splenocytes are then fused by well known techniques to 
any Suitable myeloma cells, for example cells from cell line 
SP2/0 or P3x63-AG8.653 available from the ATCC. Hybri 
domas are selected and cloned by limiting dilution tech 
niques. The hybridoma clones are then assayed by methods 
known in the art to determine and Select those cells that 
Secrete antibodies capable of binding to the RAI-3 protein, 
or to a portion of the RAI-3 protein. Ascites fluid, which 
generally contains high levels of antibodies, can be gener 
ated by immunizing mice with positive hybridoma clones. 
0283 Another well known method for producing both 
polyclonal and monoclonal human B cell lines is transfor 
mation using Epstein Barr Virus (EBV). Protocols for gen 
erating EBV-transformed B cell lines are commonly known 
in the art, Such as, for example, the protocol outlined in 
Chapter 7.22 of Current Protocols in Immunology, Coligan 
et al., Eds., 1994, John Wiley & Sons, NY, which is hereby 
incorporated by reference herein in its entirety. The Source 
of B cells for transformation is commonly human peripheral 
blood, but B cells for transformation can also be obtained 
from other Sources including, but not limited to, lymph node, 
tonsil, Spleen, tumor tissue, and infected tissues. Tissues are 
generally prepared as Single cell Suspensions prior to EBV 
transformation. In addition, T cells that may be present in the 
B cell Samples can be either physically removed or inacti 
vated (e.g., by treatment with cyclosporin A). The removal 
of T cells is often advantageous, because T cells from 
individuals who are seropositive for anti-EBV antibodies 
can SuppreSS B cell immortalization by EBV. In general, a 
sample containing human B cells is innoculated with EBV 
and cultured for 3-4 weeks. A typical source of EBV is the 
culture supernatant of the B95-8 cell line (ATCC; VR-1492). 
Physical signs of EBV transformation can generally be seen 
toward the end of the 3-4 week culture period. 
0284. By phase-contrast microscopy, transformed cells 
appear large, clear and "hairy', they tend to aggregate in 
tight clusters of cells. Initially, EBV lines are generally 
polyclonal. However, over prolonged periods of cell culture, 



US 2004/O121362 A1 

EBV lines can become monoclonal as a result of the 
Selective outgrowth of particular B cell clones. Alternatively, 
polyclonal EBV transformed lines can be subcloned (e.g., by 
limiting dilution) or fused with a Suitable fusion partner and 
plated at limiting dilution to obtain monoclonal B cell lines. 
Suitable fusion partners for EBV transformed cell lines 
include mouse myeloma cell lines (e.g., SP2/0, X63 
Ag8.653), heteromyeloma cell lines (humanxmouse; e.g., 
SPAM-8, SBC-HO, and CB-F7), and human cell lines (e.g., 
GM 1500, SKO-007, RPMI 8226, and KR-4). Thus, the 
present invention also includes a method of generating 
polyclonal or monoclonal human antibodies against 
polypeptides of the invention or fragments thereof, com 
prising EBV-transformation of human B cells. 
0285 Antibody fragments that recognize specific 
epitopes can be generated by known techniques. For 
example, Fab and F(ab')2 fragments of the invention can be 
produced by proteolytic cleavage of immunoglobulin mol 
ecules, using enzymes Such as papain (to produce Fab 
fragments) or pepsin (to produce F (ab') 2 fragments). 
F(ab'), fragments contain the variable region, the light chain 
constant region and the CH1 domain of the heavy chain. 
0286 Antibodies encompassed by the present invention 
can also be generated using various phage display methods 
known in the art. In phage display methods, functional 
antibody domains are displayed on the Surface of phage 
particles which carry the polynucleotide Sequences encoding 
them. In a particular embodiment, Such phage can be utilized 
to display antigen binding domains expressed from a rep 
ertoire or combinatorial antibody library (e.g., human or 
murine). Phage expressing an antigen binding domain that 
binds to the antigen of interest, i.e., the RAI-3 protein or 
fragment thereof, can be Selected or identified with antigen, 
e.g., using labeled antigen or antigenbound or captured onto 
a Solid Surface or bead. Phage used in these methods are 
typically filamentous phage including fa and M13 binding 
domains expressed from phage with Fab, Fv or disulfide 
stabilized FV antibody domains recombinantly fused to 
either the phage gene III or gene VIII protein. Examples of 
phage display methods that can be used to make the anti 
bodies of the present invention include those disclosed in 
Brinkman et al., 1995, J. Immunol. Methods, 182:41-50, 
Ames et al., 1995, J. Immunol. Methods, 184:177-186; 
Kettleborough et al., 1994, Eur: J. Immunol., 24:952-958; 
Persic et al., 1997, Gene, 187:9-18; Burton et al., 1994, 
Advances in Immunology, 57:191-280; PCT application No. 
PCT/GB91/01134; PCT publications WO 90/02809; WO 
91/10737; WO 92/01047; WO 92/18619; WO 93/11236; 
WO95/15982; WO95/20401; and U.S. Pat. Nos. 5,698,426; 
5,223,409; 5,403.484; 5,580,717; 5,427,908; 5,750,753; 
5,821,047; 5,571,698; 5,427,908; 5,516,637; 5,780,225; 
5,658,727; 5,733,743 and 5,969,108, each of which is incor 
porated herein by reference in its entirety. 

0287. As described in the above references, after phage 
Selection, the antibody coding regions from the phage can be 
isolated and used to generate whole antibodies, including 
human antibodies, or any other desired antigen binding 
fragment, and expressed in any desired host, including 
mammalian cells, insect cells, plant cells, yeast, and bacte 
ria, e.g., as described in detail below. 
0288 Examples of techniques that can be used to produce 
Single-chain FVS and antibodies include those described in 
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U.S. Pat. Nos. 4,946,778 and 5,258,498; Huston et al., 1991, 
Methods in Enzymology, 203:46-88; Shu et al., 1993, Proc. 
Natl. Acad. Sci. USA, 90:7995–7999; and Skerra et al., 1988, 
Science, 240:1038-1040. For some uses, including the in 
Vivo use of antibodies in humans and in in Vitro detection 
assays, it may be preferable to use chimeric, humanized, or 
human antibodies. A chimeric antibody is a molecule in 
which different portions of the antibody are derived from 
different animal Species, Such as antibodies having a variable 
region derived from a murine monoclonal antibody and a 
human immunoglobulin constant region. Methods for pro 
ducing chimeric antibodies are known in the art. (See, e.g., 
Morrison, 1985, Science, 229:1202; Oi et al., 1986, Bio 
Techniques, 4:214; Gillies et al., 1989, J. Immunol. Methods, 
125:191-202; and U.S. Pat. Nos. 5,807,715; 4.816,567; and 
4,816,397, which are incorporated herein by reference in 
their entirety). 
0289 Humanized antibodies are antibody molecules 
from non-human species antibody that bind to the desired 
antigen and have one or more complementarity determining 
regions (CDRS) from the nonhuman species and framework 
regions from a human immunoglobulin molecule. Often, 
framework residues in the human framework regions are 
substituted with the corresponding residues from the CDR 
donor antibody to alter, and preferably to improve, antigen 
binding. These framework Substitutions are identified by 
methods well known in the art, e.g., by modeling of the 
interactions of the CDR and framework residues to identify 
framework residues important for antigen binding, and by 
Sequence comparison to identify unusual framework resi 
dues at particular positions. (See, e.g., Queen et al., U.S. Pat. 
No. 5,585,089; and Riechmann et al., 1988, Nature, 
332:323, which are incorporated herein by reference in their 
entireties). Antibodies can be humanized using a variety of 
techniques known in the art, including, for example, CDR 
grafting (EP239,400; PCT publication WO91/09967; U.S. 
Pat. Nos. 5.225,539; 5.530,101; and 5,585,089); veneering 
or resurfacing (EP 592,106; EP 519,596; Padlan, 1991, 
Molecular Immunology, 28(4/5):489-498; Studnicka et al., 
1994, Protein Engineering, 7(6):805-814; Roguska et al., 
1994, Proc. Natl. Acad. Sci. USA, 91:969-973; and chain 
shuffling (U.S. Pat. No. 5,565,332). 
0290 Completely human antibodies can be made by a 
variety of methods known in the art, including the phage 
display methods described above, using antibody libraries 
derived from human immunoglobulin Sequences. See also, 
U.S. Pat. Nos. 4,444,887 and 4,716,111; and PCT publica 
tions WO 98/46645, WO 98/50433, WO 98/24893, WO 
98/16654, WO 96/34096, WO 96/33735, and WO 91/10741; 
each of which is incorporated herein by reference in its 
entirety. Completely human antibodies are particularly 
desirable for therapeutic treatment of human patients, So as 
to avoid or alleviate immune reaction to foreign protein. 
0291 Human antibodies can also be produced using 
transgenic mice which are incapable of expressing func 
tional endogenous immunoglobulins, but which can express 
human immunoglobulin genes. For example, the human 
heavy and light chain immunoglobulin gene complexes can 
be introduced randomly, or by homologous recombination, 
into mouse embryonic Stem cells. Alternatively, the human 
variable region, constant region, and diversity region may be 
introduced into mouse embryonic Stem cells, in addition to 
the human heavy and light chain genes. The mouse heavy 
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and light chain immunoglobulin genes can be rendered 
nonfunctional Separately or Simultaneously with the intro 
duction of human immunoglobulin loci by homologous 
recombination. In particular, homozygous deletion of the J 
region prevents endogenous antibody production. The modi 
fied embryonic Stem cells are expanded and microinjected 
into blastocysts to produce chimeric mice. The chimeric 
mice are then bred to produce homozygous offspring which 
express human antibodies. The transgenic mice are immu 
nized in the normal fashion with a Selected antigen, e.g., all 
or a portion of a polypeptide of the invention. 

0292 Monoclonal antibodies directed against the antigen 
can be obtained from the immunized transgenic mice using 
conventional hybridoma technology. The human immuno 
globulin transgenes harbored by the transgenic mice rear 
range during B cell differentiation, and Subsequently 
undergo class Switching and Somatic mutation. Thus, using 
Such a technique, it is possible to produce useful human IgG, 
IgA, IgM and IgE antibodies. For an overview of the 
technology for producing human antibodies, See Lonberg 
and Huszar, 1995, Intl. Re: Immunol., 13:65-93. For a 
detailed discussion of the technology for producing human 
antibodies and human monoclonal antibodies and protocols 
for producing Such antibodies, See, e.g., PCT publications 
WO 98/24893; WO 92/01047; WO 96/34096; WO 
96/33735; European Patent No. 0598 877; U.S. Pat. Nos. 
5,413,923; 5,625,126; 5,633,425; 5,569,825; 5,661,016; 
5,545,806; 5,814,318; 5,885,793; 5,916,771; 5,939,598; 
6,075,181; and 6,114,598, which are incorporated by refer 
ence herein in their entirety. In addition, companies Such as 
Abgenix, Inc. (Fremont, Calif.) and Genpharm (San Jose, 
Calif.) can be engaged to provide human antibodies directed 
against a Selected antigen using technology Similar to the 
above described technologies. 

0293. In another aspect, completely human antibodies 
which recognize a Selected epitope can be generated using a 
technique referred to as "guided Selection'. In this approach, 
a Selected non-human monoclonal antibody, e.g., a mouse 
antibody, is used to guide the Selection of a completely 
human antibody recognizing the same epitope. (Jespers et 
al., 1988, BioTechnology, 12:899-903). 
0294 Further, antibodies specific for the RAI-3 protein 
can, in turn, be utilized to generate anti-idiotypic antibodies 
that “mimic' the RAI-3 protein using techniques well 
known to those skilled in the art. (See, e.g., Greenspan and 
Bona, 1989, FASEB.J., 7(5):437-444 and Nissinoff, 1991, J. 
Immunol., 147(8):2429-2438). For example, antibodies 
which bind to and competitively inhibit polypeptide multi 
merization and/or binding of the RAI-3 polypeptide to a 
ligand can be used to generate anti-idiotypic antibodies that 
"mimic' the polypeptide multimerization and/or binding 
domain and, as a consequence, bind to and neutralize the 
polypeptide and/or its ligand, e.g., in therapeutic regimens. 
Such neutralizing anti-idiotypes or Fab fragments of Such 
anti-idiotypes can be used to neutralize polypeptide ligand. 
For example, Such anti-idiotypic antibodies can be used to 
bind the RAI-3 polypeptide and/or to bind its ligands/ 
receptors, and thereby activate or block its biological activ 
ity. 

0295). In another aspect, intrabodies are embraced. Intra 
bodies are antibodies, often ScFVS, that are expressed from 
a recombinant nucleic acid molecule and are engineered to 
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be retained intracellularly (e.g., retained in the cytoplasm, 
endoplasmic reticulum, or periplasm of the host cells). 
Intrabodies can be used, for example, to ablate the function 
of a protein to which the intrabody binds. The expression of 
intrabodies can also be regulated through the use of induc 
ible promoters in the nucleic acid expression vector com 
prising nucleic acid encoding the intrabody. Intrabodies of 
the invention can be produced using methods known in the 
art, Such as those disclosed and reviewed in Chen et al., 
1994, Hum. Gene Ther, 5:595-601; Marasco, W. A., 1997, 
Gene Ther., 4:11-15; Rondon and Marasco, 1997, Annu. Rev. 
Microbiol, 51:257-283; Proba et al., 1998, J. Mol. Biol., 
275:245-253; Cohen et al., 1998, Oncogene, 17:2445-2456; 
Ohage and Steipe, 1999, J. Mol. Biol., 291:1119-1128; 
Ohage et al., 1999, J. Mol. Biol., 291:1129-1134; Wirtz and 
Steipe, 1999, Protein Sci., 8:224.5-2250; Zhu et al., 1999, J. 
Immunol. Methods, 231:207-222. 

0296 XenoMouse Technology Antibodies in accordance 
with the invention are preferably prepared by the utilization 
of a transgenic mouse that has a Substantial portion of the 
human antibody producing genome inserted, but that is 
rendered deficient in the production of endogenous murine 
antibodies (e.g., XenoMouse Strains available from Abgenix 
Inc., Fremont, Calif.). Such mice are capable of producing 
human immunoglobulin molecules and antibodies and are 
Virtually deficient in the production of murine immunoglo 
bulin molecules and antibodies. Technologies utilized for 
achieving the same are disclosed in the patents, applications, 
and references disclosed herein. 

0297. The ability to clone and reconstruct megabase 
sized human loci in YACs and to introduce them into the 
mouse germline provides a powerful approach to elucidating 
the functional components of Very large or crudely mapped 
loci, as well as generating useful models of human disease. 
Furthermore, the utilization of such technology for substi 
tution of mouse loci with their human equivalents can 
provide unique insights into the expression and regulation of 
human gene products during development, their communi 
cation with other Systems, and their involvement in disease 
induction and progression. An important practical applica 
tion of Such a Strategy is the “humanization' of the mouse 
humoral immune System. Introduction of human immuno 
globulin (Ig) loci into mice in which the endogenous Ig 
genes have been inactivated offers the opportunity to Study 
the mechanisms underlying programmed expression and 
assembly of antibodies, as well as their role in B cell 
development. Furthermore, Such a strategy can provide an 
ideal Source for the production of fully human monoclonal 
antibodies (Hu MAbs) an important milestone toward full 
filling the promise of antibody therapy in human disease. 

0298 Fully human antibodies are expected to minimize 
the immunogenic and allergic responses intrinsic to mouse 
or mouse-derivatized monoclonal antibodies and thus to 
increase the efficacy and Safety of the administered antibod 
ies. The use of fully human antibodies can be expected to 
provide a Substantial advantage in the treatment of chronic 
and recurring human diseases, Such as cancer, which require 
repeated antibody administrations. 

0299. One approach toward the goal of producing fully 
human antibodies was to engineer mouse Strains deficient in 
mouse antibody production to harbor large fragments of the 
human Ig loci in anticipation that Such mice would produce 
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a large repertoire of human antibodies in the absence of 
mouse antibodies. Large human Ig fragments would pre 
Serve the large variable gene diversity as well as the proper 
regulation of antibody production and expression. By 
exploiting the mouse machinery for antibody diversification 
and Selection and the lack of immunological tolerance to 
human proteins, the reproduced human antibody repertoire 
in these mouse Strains should yield high affinity antibodies 
against any antigen of interest, including human antigens. 
Using the hybridoma technology, antigen-Specific human 
monoclonal antibodies with the desired specificity could be 
readily produced and Selected. 
0300 This general strategy was demonstrated in connec 
tion with the generation of the first “XenoMouseT' strains 
as published in 1994. See Green et al., 1994, Nature Genet 
ics, 7:13-21. The XenoMouse strains were engineered with 
yeast artificial chromosomes (YACS) containing 245 kb and 
10 190 kb-sized germline configuration fragments of the 
human heavy chain locus and kappa light chain locus, 
respectively, which contained core variable and constant 
region Sequences. Id. The human Ig containing YACS proved 
to be compatible with the mouse System for both rearrange 
ment and expression of antibodies and were capable of 
Substituting for the inactivated mouse Ig genes. This was 
demonstrated by their ability to induce B-cell development, 
to produce an adult-like human repertoire of fully human 
antibodies, and to generate antigen-specific human mono 
clonal antibodies. These results also Suggested that intro 
duction of larger portions of the human Ig loci containing 
greater numbers of V genes, additional regulatory elements, 
and human Ig constant regions might recapitulate Substan 
tially the full repertoire that is characteristic of the human 
humoral response to infection and immunization. The work 
of Green et al. was recently extended to the introduction of 
greater than approximately 80% of the human antibody 
repertoire through the use of megabase-sized, germline 
configuration YAC fragments of the human heavy chain loci 
and kappa light chain loci, respectively, to produce XenoM 
ouse mice. See Mendez et al., 1997, Nature Genetics, 
15:146-156; Green and Jakobovits, 1998, J. Exp. Med., 
188:483-495; and Green, 1999, Journal of Immunological 
Methods, 231:11-23, the disclosures of which are hereby 
incorporated herein by reference. 
0301 Human anti-mouse antibody (HAMA) responses 
have led the industry to prepare chimeric or otherwise 
humanized antibodies. While chimeric antibodies typically 
are comprised of a human constant region and a murine 
variable region, it is expected that certain human anti 
chimeric antibody (HACA) responses will be observed, 
particularly in treatments involving chronic or multi-dose 
utilizations of the antibody. Thus, it is desirable to provide 
fully human antibodies against the RAI-3 protein or peptides 
in order to vitiate concerns and/or effects of HAMA or 
HACA responses. 

0302 Polypeptide antibodies of the invention can be 
chemically Synthesized or produced through the use of 
recombinant expression Systems. Accordingly, the invention 
further embraces polynucleotides comprising a nucleotide 
Sequence encoding an antibody of the invention and frag 
ments thereof. The invention also encompasses polynucle 
otides that hybridize under Stringent or lower Stringency 
hybridization conditions, e.g., as defined Supra, to poly 
nucleotides that encode an antibody, preferably, an antibody 
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that specifically binds to the RAI-3 polypeptide having the 
amino acid sequence of SEQ ID NO:3. 
0303 Polynucleotides can be obtained, and the nucle 
otide Sequence of the polynucleotides determined, by any 
method known in the art. For example, if the nucleotide 
Sequence of the antibody is known, a polynucleotide encod 
ing the antibody can be assembled from chemically Synthe 
sized oligonucleotides (e.g., as described in Kutmeier et al., 
1994, BioTechniques, 17:242), which, briefly, involves the 
Synthesis of overlapping oligonucleotides containing por 
tions of the Sequence encoding the antibody, the annealing 
and ligating of those oligonucleotides, and then the ampli 
fication of the ligated oligonucleotides by PCR. 
0304. Alternatively, a polynucleotide encoding an anti 
body can be generated from nucleic acid from a Suitable 
Source. If a clone containing a nucleic acid encoding a 
particular antibody is not available, but the Sequence of the 
antibody molecule is known, a nucleic acid encoding the 
immunoglobulin can be chemically Synthesized or obtained 
from a Suitable Source (e.g., an antibody cDNA library, or a 
cDNA library generated from, (or a nucleic acid, preferably 
poly A+ RNA, isolated from), any tissue or cells expressing 
the antibody, Such as hybridoma cells Selected to express an 
antibody of the invention by PCR amplification using syn 
thetic primers hybridizable to the 3' and 5' ends of the 
Sequence. Alternatively, cloning using an oligonucleotide 
probe Specific for the particular gene Sequence to identify, 
e.g., a cDNA clone from a cDNA library that encodes the 
antibody can be employed. Amplified nucleic acids gener 
ated by PCR can then be cloned into replicable cloning 
vectors using any method well known in the art. 
0305. Once the nucleotide sequence and corresponding 
amino acid Sequence of the antibody are determined, the 
nucleotide Sequence of the antibody can be manipulated 
using methods well known in the art for the manipulation of 
nucleotide Sequences, e.g., recombinant DNA techniques, 
Site directed mutagenesis, PCR, etc. (See, for example, the 
techniques described in Sambrook et al., 1990, Molecular 
Cloning, A Laboratory Manual, 2nd Ed., Cold Spring Har 
bor Laboratory, Cold Spring Harbor, N.Y.; and Ausubel et 
al., eds., 1998, Current Protocols in Molecular Biology, 
John Wiley & Sons, NY, which are both incorporated by 
reference herein in their entireties), to generate antibodies 
having a different amino acid Sequence, for example, to 
create amino acid Substitutions, deletions, and/or insertions. 

0306 In a specific embodiment, the amino acid sequence 
of the heavy and/or light chain variable domains can be 
inspected to identify the sequences of the CDRs by methods 
that are well known in the art, e.g., by comparison to known 
amino acid Sequences of other heavy and light chain variable 
regions, to determine the regions of Sequence hyperVariabil 
ity. Using routine recombinant DNA techniques, one or 
more of the CDRS can be inserted within framework regions, 
e.g., into human framework regions, to humanize a non 
human antibody, as described Supra. The framework regions 
can be naturally occurring or consensus framework regions, 
and preferably, are human framework regions (see, e.g., 
Chothia et al., 1998, J. Mol. Biol., 278:457-479 for a listing 
of human framework regions). 
0307 Preferably, the polynucleotide generated by the 
combination of the framework regions and CDRs encodes 
an antibody that specifically binds to the RAI-3 protein. Also 
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preferably, as discussed Supra, one or more amino acid 
Substitutions can be made within the framework regions, 
Such amino acid Substitutions are performed with the goal of 
improving binding of the antibody to its antigen. In addition, 
Such methods can be used to make amino acid Substitutions 
or deletions of one or more variable region cysteine residues 
participating in an intrachain disulfide bond to generate 
antibody molecules lacking one or more intrachain disulfide 
bonds. Other alterations to the polynucleotide are encom 
passed by the present invention and are within the skill of the 
art. 

0308 For some uses, such as for in vitro affinity matu 
ration of an anti-RAI-3 protein antibody of the invention, it 
is useful to express the V and V. domains of the Ig heavy 
and light chains of one or more antibodies of the invention 
as Single chain antibodies, or Fab fragments, in a phage 
display library using phage display methods as described 
Supra. For example, the cDNAS encoding the V and V. 
domains of one or more antibodies of the invention can be 
expressed in all possible combinations using a phage display 
library, thereby allowing for the selection of V/V, combi 
nations that bind to the RAI-3 protein or peptides thereof 
with preferred binding characteristics Such as improved 
affinity or improved off rates. In addition, V and V. 
Segments, particularly, the CDR regions of the V and V. 
domains of one or more antibodies of the invention, can be 
mutated in vitro. Expression of V and V. domains with 
“mutant” CDRs in a phage display library allows for the 
selection of V/V, combinations that bind to the RAI-3 
protein, which is a receptor polypeptide, with preferred 
binding characteristics Such as improved affinity or 
improved off rates. 
0309. In phage display methods, functional antibody 
domains are displayed on the Surface of phage particles 
which carry the polynucleotide Sequences encoding them. In 
particular, DNA sequences encoding the V and V. domains 
are amplified from animal cDNA libraries (e.g., human or 
murine cDNA libraries of lymphoid tissues) or from syn 
thetic cDNA libraries. The DNA encoding the V and V. 
domains are joined together by an ScFv linker by PCR and 
cloned into a phagemid vector (e.g., p CANTAB 6 or pComb 
3 HSS). The vector is introduced into E. coli via electropo 
ration and the E. coli is infected with helper phage. Phage 
used in these methods are typically filamentous phage, 
including fa and M13, and the V and V. domains are 
usually recombinantly fused either to the phage gene III or 
gene VIII. Phage expressing an antigen binding domain that 
binds to an antigen of interest (i.e., the RAI-3 polypeptide or 
a fragment thereof) can be selected or identified with anti 
gen, e.g., using labeled antigen or antigen bound or captured 
onto a Solid Surface or bead. 

0310 Recombinant expression of an anti-RAI-3 protein 
antibody of the invention, or a fragment, derivative, variant, 
or analog thereof (e.g., a heavy or light chain of an antibody, 
or a single chain antibody, of the invention) requires con 
Struction of an expression vector containing a polynucle 
otide that encodes the antibody. Once a polynucleotide 
encoding an anti-RAI-3 protein antibody molecule, or a 
heavy or light chain of an antibody, or portion thereof 
(preferably containing the heavy or light chain variable 
domain), of the invention has been obtained, the vector for 
the production of the antibody molecule can be produced by 
recombinant DNA technology using techniques well known 
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in the art. Methods for preparing a protein by expressing a 
polynucleotide encoding an antibody are described herein. 
Methods which are well known to those skilled in the art can 
be used to construct expression vectors containing antibody 
coding Sequences and appropriate transcriptional and trans 
lational control Signals. These methods include, for 
example, in vitro recombinant DNA techniques, Synthetic 
techniques, and in Vivo genetic recombination. The inven 
tion, thus embraces replicable vectors comprising a nucle 
otide Sequence encoding an antibody molecule of the inven 
tion, or a heavy or light chain thereof, or a heavy or light 
chain variable domain, operably linked to a promoter. Such 
vectors can include the nucleotide Sequence encoding the 
constant region of the antibody molecule (see, e.g., PCT 
publication WO 86/05807; PCT publication WO 89/01036; 
and U.S. Pat. No. 5,122,464) and the variable domain of the 
antibody can be cloned into Such a vector for expression of 
the entire heavy or light chain. 
0311 Methods of constructing expression vectors; types 
of Vectors, methods of transferring the expression vectors 
into host cells and culturing the cells to produce antibodies, 
use of Selection markers and Systems, and the like, involve 
conventional techniques, and have been described above 
with respect to RAI-3 protein expression. Such methods and 
the like are equally applicable for recombinant immunoglo 
bulin protein expression and the production of anti-RAI-3 
antibodies. 

0312. As one of its aspects, the invention includes host 
cells containing a polynucleotide encoding an anti-RAI-3 
protein antibody, or a heavy or light chain thereof, or a single 
chain antibody of the invention, operably linked to a heter 
ologous promoter. In preferred aspects for the expression of 
double-chained antibodies, vectors encoding both the heavy 
and light chains may be co-expressed in the host cell for 
expression of the entire immunoglobulin molecule, as 
detailed below. 

0313 The expression levels of an antibody molecule can 
be increased by vector amplification (for a review, See 
Bebbington and Hentschel, “The use of vectors based on 
gene amplification for the expression of cloned genes in 
mammalian cells in DNA cloning”, Vol. 3. (Academic Press, 
New York, 1987). When a marker in the vector system 
expressing an antibody is amplifiable, an increase in the 
level of inhibitor present in the host cell culture increases the 
number of copies of the marker gene. Since the amplified 
region is associated with the antibody gene, production of 
the antibody will also increase (Crouse et al., 1983, Mol. 
Cell. Biol, 3:257). 
0314 Vectors which use glutamine synthase (GS) or 
DHFR as the selectable markers can be amplified in the 
presence of the drugs methionine SulphoXimine or methotr 
exate, respectively. An advantage of glutamine Synthase 
based vectors is the availability of cell lines (e.g., the murine 
myeloma cell line, NSO) which are glutamine synthase 
negative. Glutamine Synthase expression Systems can also 
function in glutamine Synthase expressing cells (e.g. Chi 
nese Hamster Ovary (CHO) cells) by providing additional 
inhibitor to prevent the functioning of the endogenous gene. 
0315. Vectors that express glutamine synthase as the 
selectable marker include, but are not limited to, the pE6 
expression vector described in Stephens and Cockett, 1989, 
Nucl. Acids. Res., 17:7110. A glutamine synthase expression 
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system and components thereof are detailed in PCT publi 
cations: WO87/04462; WO86/05807; WO89/01036; WO89/ 
10404; and WO91/06657 which are incorporated by refer 
ence herein in their entireties. In addition, glutamine 
Synthase expression vectors that can be used in accordance 
with the present invention are commercially available from 
Suppliers, including, for example, Lonza Biologics, Inc. 
(Portsmouth, N.H.). The expression and production of 
monoclonal antibodies using a GS expression System in 
murine myeloma cells is described in Bebbington et al., 
1992, BioTechnology, 10:169 and in Biblia and Robinson, 
1995, Biotechnol. Prog., 11:1, which are incorporated by 
reference herein in their entireties. 

0316 A host cell can be co-transfected with two expres 
Sion vectors of the invention, the first vector encoding an Ig 
heavy chain derived polypeptide and the Second vector 
encoding an Ig light chain derived polypeptide. The two 
vectors can contain identical Selectable markers which 
enable equal expression of heavy and light chain polypep 
tides. Alternatively, a single vector can be used which 
encodes, and is capable of expressing, both the Ig heavy and 
light chain polypeptides. In Such situations, the light chain 
should be placed before the heavy chain to avoid an exceSS 
of toxic free heavy chain (Proudfoot, 1986, Nature, 322:52; 
Kohler, 1980, Proc. Natl. Acad. Sci. USA, 77:2197). The 
coding Sequences for the heavy and light chains can com 
prise cDNA or genomic DNA. 

0317. Once an anti-RAI-3 antibody molecule of the 
invention has been produced by an animal, chemically 
Synthesized, or recombinantly expressed, it can be purified 
by any method known in the art for the purification of an 
immunoglobulin or polypeptide molecule, for example, by 
chromatography (e.g., ion exchange, affinity, particularly by 
affinity for the Specific antigen, Protein A, and sizing column 
chromatography), centrifugation, differential Solubility, or 
by any other Standard technique for the purification of 
proteins. In addition, the antibodies of the present invention 
or fragments thereof can be fused to heterologous polypep 
tide Sequences described herein or otherwise known in the 
art, to facilitate purification. 

0318. The present invention encompasses antibodies that 
are recombinantly fused or chemically conjugated (includ 
ing both covalently and non-covalently conjugated) to a 
polypeptide (or portion thereof, preferably at least 10, 20, 
30, 40, 50, 60, 70, 80, 90 or 100 amino acids of the 
polypeptide) of the present invention to generate fusion 
proteins. The fusion does not necessarily need to be direct, 
but can occur through linker Sequences. The antibodies can 
be specific for RAI-3 antigens (or portions thereof, prefer 
ably at least 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100 amino 
acids of the polypeptide). For example, antibodies can be 
used to target the RAI-3 polypeptide to particular cell types, 
either in vitro or in Vivo, by fusing or conjugating RAI-3 to 
antibodies Specific for particular cell Surface receptors. 

0319 RAI-3 or anti-RAI-3 antibodies of the present 
invention (including fragments or variants thereof) can be 
fused to either the N-terminal or C-terminal end of a 
heterologous protein (e.g., immunoglobulin Fc polypeptide 
or human Serum albumin polypeptide). Antibodies of the 
invention can also be fused to albumin (including, but not 
limited to, recombinant human Serum albumin (see, e.g., 
U.S. Pat. No. 5,876,969, issued Mar. 2, 1999; EP Patent 0 
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413 622; and U.S. Pat. No. 5,766,883, issued Jun. 16, 1998, 
incorporated herein by reference in their entirety), resulting 
in chimeric polypeptides. In a preferred aspect, polypeptides 
and/or antibodies of the present invention (including frag 
ments or variants thereof) are fused with the mature form of 
human Serum albumin (i.e., amino acids 1-585 of human 
Serum albumin as shown in FIGS. 1 and 2 of EP Patent O 
322 094, which is herein incorporated by reference in its 
entirety). In another preferred aspect, polypeptides and/or 
antibodies of the present invention (including fragments or 
variants thereof) are fused with polypeptide fragments com 
prising, or alternatively consisting of, amino acid residues 
1-Z of human serum albumin, where Z is an integer from 369 
to 419, as described in U.S. Pat. No. 5,766,883 incorporated 
herein by reference in its entirety. 

0320 Polynucleotides encoding RAI-3 fusion proteins 
and antibodies thereto are also encompassed by the inven 
tion. Such fusion proteins can, for example, facilitate puri 
fication and can increase half-life in Vivo. Antibodies fused 
or conjugated to the polypeptides of the present invention 
can also be used in in vitro immunoassays and purification 
methods using methods known in the art. See, e.g., Harbor 
et al., supra, and PCT publication WO 93/21232; EP 439, 
095; Naramura et al., 1994, Immunol. Lett., 39:91-99; U.S. 
Pat. No. 5,474,981; Gillies et al., 1992, Proc. Natl. Acad. 
Sci. USA, 89:1428-1432; Fell et al., 1991, J. Immunol., 
146:2446-2452, which are incorporated by reference herein 
in their entireties. For guidance, chimeric proteins having 
the first two domains of the human CD4 polypeptide and 
various domains of the constant regions of the heavy or light 
chains of mammalian immunoglobulins have been 
described. (EP 394,827; Traunecker et al., 1988, Nature, 
331:84-86). RAI-3 polypeptide or peptide fused or conju 
gated to an antibody, or portion thereof, having disulfide 
linked dimeric structures (due to the IgG), for example, can 
also be more efficient in binding and neutralizing other 
molecules, than the monomeric Secreted protein or protein 
fragment alone. (Fountoulakis et al., 1995, J. Biochem., 
270:3958-3964). 
0321) The present invention further includes composi 
tions comprising the RAI-3 polypeptide or peptides thereof 
fused or conjugated to antibody domains other than the 
variable region domain. For example, the polypeptides of 
the present invention can be fused or conjugated to an 
antibody Fc region, or portion thereof. The antibody portion 
fused to a polypeptide of the present invention can comprise 
the constant region, hinge region, CH1 domain, CH2 
domain, CH3 domain, or any combination of whole domains 
or portions thereof. The polypeptides can also be fused or 
conjugated to the above antibody portions to form multim 
erS. For example, Fc portions fused to the polypeptides of 
the present invention can form dimers through disulfide 
bonding between the Fc portions. Higher multimeric forms 
can be made by fusing the polypeptides to portions of IgA 
and IgM. Methods for fusing or conjugating polypeptides to 
antibody portions are known in the art. (See, e.g., U.S. Pat. 
Nos. 5,336,603; 5,622,929; 5,359,046; 5,349,053, 5,447, 
851; 5,112,946; EP307.434; EP 367,166; PCT publications 
WO 96/04388; WO 91/06570; Ashkenazi et al., 1991, Proc. 
Natl. Acad. Sci. USA, 88:10535-10539; Zheng et al., 1995, 
J. Immunol., 154:5590-5600; and Vilet al., Proc. Natl. Acad. 
Sci. USA, 89:11337-11341, which are hereby incorporated 
by reference herein in their entireties). 
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0322. In many cases, the Fc portion in a fusion protein is 
beneficial in therapy, diagnosis, and/or Screening methods, 
and thus can result in, for example, improved pharmacoki 
netic properties. (EPA 232, 262). In drug discovery, for 
example, human proteins, Such as hL-5, have been fused 
with Fc portions for the purpose of high-throughput Screen 
ing assays to identify antagonists of hL-5. (See, Bennett et 
al., 1995, J. Molecular Recognition, 8:52-58; and Johanson 
et al., 1995, J. Biol. Chem., 270:9459-9471). Alternatively, 
deleting the Fc portion after the fusion protein has been 
expressed, detected, and purified, may be desired. For 
example, the Fc portion may hinder therapy and diagnosis if 
the fusion protein is used as an antigen for immunizations. 

0323 Moreover, according to this invention, anti-RAI-3 
antibodies or fragments thereof can be fused to marker 
Sequences, Such as a peptide, to facilitate their purification. 
In preferred embodiments, the marker amino acid Sequence 
is a hexa-histidine peptide, Such as the tag provided in a pCE 
vector (QIAGEN, Inc., Chatsworth, Calif.), among others, 
many of which are commercially available. AS described in 
Gentz et al., 1989, Proc. Natl. Acad. Sci. USA, 86:821-824, 
for instance, heXa histidine provides for convenient purifi 
cation of the fusion protein. Other peptide tags useful for 
purification include, but are not limited to, the “HA' tag and 
the Flag tag, as previously described herein. 

0324. The present invention further encompasses anti 
bodies or fragments thereof conjugated to a diagnostic or 
therapeutic agent. The antibodies can be used diagnostically, 
for example, to monitor the development or progression of 
a tumor as part of a clinical testing procedure, or to deter 
mine the efficacy of a given treatment regimen. Detection 
can be facilitated by coupling the antibody to a detectable 
Substance. Nonlimiting examples of detectable Substances 
include various enzymes, prosthetic groups, fluorescent 
materials, luminescent materials, bioluminescent materials, 
radioactive materials, positron emitting metals using various 
positron emission tomographies, and nonradioactive para 
magnetic metal ions. The detectable Substance can be 
coupled or conjugated either directly to the antibody (or 
fragment thereof) or indirectly, through an intermediate 
(Such as, for example, a linker as known in the art) using 
techniques known in the art. (See, for example, U.S. Pat. No. 
4,741,900 for metal ions which can be conjugated to anti 
bodies for use as diagnostics according to the present 
invention). 
0325 Nonlimiting examples of suitable detectable 
enzymes include horseradish peroxidase, alkaline phos 
phatase, beta-galactosidase, or acetylcholinesterase, Non 
limiting examples of Suitable prosthetic group complexes 
include Streptavidin/biotin and avidin/biotin; nonlimiting 
examples of Suitable fluorescent materials include umbellif 
erone, fluorescein, fluorescein isothiocyanate, rhodamine, 
dichlorotriazinylamine fluorescein, dansyl chloride or phy 
coerythrin; a nonlimiting example of a luminescent material 
includes luminol; nonlimiting examples of bioluminescent 
materials include luciferase, luciferin, and aequorin; and 
nonlimiting examples of Suitable radioactive material 
include iodine ('I, ''I), carbon ('C), sulfur (3sus), tri 
tium (H), indium ('In and other radioactive isotopes of 
inidium), technetium ('Tc, ''"Tc), thallium (20T), gallium 
(Ga, Ga), palladium (Pd), molybdenum (Mo), 
xenon (Xe), fluorine ('F), 'Sm, 7'Lu, radioactive Gd, 
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radioactive Pm, radioactive La, radioactive Yb, 'Ho, 'Y, 
radioactive Sc, radioactive Re, radioactive Re, 'Pr, 'Rh, 
and Ru. 
0326 In specific aspects, the RAI-3 protein or a peptide 
portion thereof is attached to macrocyclic chelators useful 
for conjugating radiometal ions, including, but not limited 
to, ''In, 77Lu, 'Y, Ho, and Sm, to polypeptides. In 
a preferred aspect, the radiometal ion associated with the 
macrocyclic chelators attached to the RAI-3 protein or 
peptide is 'In. In another preferred aspect, the radiometal 
ion associated with the macrocyclic chelator attached to the 
RAI-3 protein or peptide is 'Y. In specific aspects, the 
macrocyclic chelator is 1, 4, 7, 10-tetraazacyclododecane 
N,N',N',N"-tetraacetic acid (DOTA). In other specific 
aspects, the DOTA is attached to the RAI-3 protein or 
peptide via a linker molecule. 
0327 Examples of linker molecules useful for conjugat 
ing DOTA to a polypeptide are commonly known in the art. 
(See, for example, DeNardo et al., 1998, Clin. Cancer Res., 
4(10):2483-90; Peterson et al., 1999, Bioconjug. Chem., 
10(4):553-557; and Zimmerman et al., 1999, Nucl. Med. 
Biol., 26(8):943-950, which are hereby incorporated by 
reference in their entirety. In addition, U.S. Pat. Nos. 5,652, 
361 and 5,756,065, which disclose chelating agents that can 
be conjugated to antibodies and methods for making and 
using them, are hereby incorporated by reference in their 
entireties. Although U.S. Pat. Nos. 5,652,361 and 5,756,065 
focus on conjugating chelating agents to antibodies, one 
skilled in the art can readily adapt the methods disclosed 
therein in order to conjugate chelating agents to other 
polypeptides. Antibodies can also be attached to Solid Sup 
ports, which are particularly useful for immunoassays or 
purification of the target antigen. Such Solid Supports 
include, but are not limited to, glass, cellulose, polyacryla 
mide, nylon, polystyrene, polyvinyl chloride or polypropy 
lene. 

0328 Techniques for conjugating therapeutic moieties to 
antibodies are well known, See, e.g., Arnon et al., “Mono 
clonal Antibodies For Immunotargeting Of Drugs. In Cancer 
Therapy”, In: Monoclonal Antibodies And Cancer Therapy, 
Reisfeld et al. (eds.), pp. 243-56, Alan R. Liss, Inc., 1985; 
Hellstrom et al., “Antibodies For Drug Delivery”, In: Con 
trolled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 
623-53, Marcel Deldcer, Inc., 1987; Thorpe, “Antibody 
Carriers Of Cytotoxic Agents In Cancer Therapy: A 
Review”, In: Monoclonal Antibodies '84. Biological And 
Clinical Applications, Pinchera et al. (eds.), pp. 475-506, 
1985; “Analysis, Results, And Future Prospective Of The 
Therapeutic Use Of Radiolabeled Antibody In Cancer 
Therapy”, In: Monoclonal Antibodies For Cancer Detection 
And Therapy, Baldwin et al. (eds.), pp. 303-316, Academic 
Press, 1985; and Thorpe et al., 1982, “The Preparation And 
Cytotoxic Properties Of Antibody-Toxin Conjugates”, 
Immunol. Rev., 62:119-158. Alternatively, an antibody can 
be conjugated to a Second antibody to form an antibody 
heteroconjugate, e.g., as described in U.S. Pat. No. 4,676, 
980 to Segal, which is incorporated herein by reference in its 
entirety. An antibody, i.e., an antibody Specific for RAI-3, 
with or without a therapeutic moiety conjugated to it, and 
administered alone or in combination with cytotoxic fac 
tor(s) and/or cytokine(s), can be used as a therapeutic. 
0329. The antibodies of the invention can be utilized for 
immunophenotyping of cell lines and biological Samples. 
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The translation product of the RAI-3-encoding nucleic acid 
can be useful as cell specific marker(s), or more specifically, 
as cellular marker(s) that are differentially expressed at 
various Stages of differentiation and/or maturation of par 
ticular cell types (e.g., in particular tissues). Monoclonal 
antibodies directed against a specific epitope, or combina 
tion of epitopes, allow for the Screening of cellular popula 
tions expressing the marker. Various techniques utilizing 
monoclonal antibodies can be employed to Screen for cel 
lular populations expressing the marker(s), including mag 
netic Separation using antibody-coated magnetic beads, 
“panning with antibody(ies) attached to a Solid matrix (i.e., 
tissue culture plate), and flow cytometry (See, e.g., U.S. Pat. 
No. 5,985,660; and Morrison et al., 1999, Cell, 96:737-749). 
The above techniques allow for the Screening of particular 
populations of cells, Such as might be found with cancers or 
malignancies (i.e., minimal residual disease (MRD), for 
example, in lung cancer patients) and “non-Self cells in 
transplantations to prevent graft-Versus-host disease 
(GVHD). 
0330 Anti-RAI-3 antibodies according to this invention 
can be assayed for immunospecific binding by any method 
known in the art. The immunoassays which can be used 
include, but are not limited to, competitive and non-com 
petitive assay Systems using techniqueS Such as BIAcore 
analysis, FACS (Fluorescence Activated Cell Sorter) analy 
sis, immunofluorescence, immunocytochemistry, Western 
blots, radioimmunoassays, ELISA (enzyme linked immun 
Osorbent assays), "sandwich' immunoassays, immunopre 
cipitation assays, precipitin reactions, gel diffusion precip 
itin reactions, immunodiffusion assays, agglutination assays, 
complement fixation assays, immunoradiometric assays, 
fluorescent immunoassays, protein A immunoassays, to 
name but a few. Such assays are routine and well known and 
practiced in the art (see, e.g., Ausubel et al., eds, 1994, 
Current Protocols in Molecular Biology, Vol. 1, John Wiley 
& Sons, Inc., New York, which is incorporated by reference 
herein in its entirety). Nonlimiting, exemplary immunoas 
says are described briefly below. 
0331 Immunoprecipitation protocols generally comprise 
lysing a population of cells in a lysis buffer such as RIPA 
buffer (i.e., 1% NP-40 or Triton X-100, 1% sodium deoxy 
cholate, 0.1% SDS, 0.15 M NaCl, 0.01 M sodium phosphate 
at pH 7.2, 1% Trasylol) supplemented with protein phos 
phatase and/or protease inhibitors (e.g., EDTA, PMSF, apro 
tinin, Sodium Vanadate); adding the antibody of interest to 
the cell lysate; incubating for a period of time (e.g., 1 to 4 
hours) at 4 C.; adding protein A and/or protein G Sepharose 
beads to the cell lysate; incubating for about 60 minutes or 
more at 4 C.; washing the beads in lysis buffer; and 
resuspending the beads in SDS/sample buffer. The ability of 
the antibody of interest to immunoprecipitate a particular 
antigen can be assessed by, for example, Western blot 
analysis. One of skill in the art would be knowledgeable as 
to the parameters that can be modified to increase the 
binding of the antibody to an antigen and decrease the 
background (e.g., pre-clearing the cell lysate with Sepharose 
beads). For further discussion regarding immunoprecipita 
tion protocols, See, e.g., AuSubel et al, eds, 1994, Current 
Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, 
Inc., New York, at 10.16.1. 
0332 Western blot analysis generally comprises prepar 
ing protein Samples, electrophoresis of the protein Samples 

44 
Jun. 24, 2004 

in a polyacrylamide gel (e.g., 8%-20% SDS PAGE depend 
ing on the molecular weight of the antigen); transferring the 
protein Sample from the polyacrylamide gel to a Solid 
support membrane such as nitrocellulose, PVDF or nylon; 
blocking the membrane in blocking solution (e.g., PBS with 
3% BSA or nonfat milk), washing the membrane in washing 
buffer (e.g., PBS-Tween 20); blocking the membrane with 
primary antibody (the antibody of interest) diluted in block 
ing buffer; Washing the membrane in Washing buffer; block 
ing the membrane with a secondary antibody (which recog 
nizes the primary antibody, e.g., an anti-human antibody) 
conjugated to an enzymatic Substrate (e.g., horseradish per 
oxidase or alkaline phosphatase) or radioactive molecule 
(e.g., P or 'I) diluted in blocking buffer, washing the 
membrane in wash buffer; and detecting the presence of the 
antigen. One of skill in the art would be knowledgeable as 
to the parameters that can be modified to increase the Signal 
detected and to reduce the background noise. For further 
discussion regarding Western blot protocols, See, e.g., 
Ausubel et al, eds, 1994, Current Protocols in Molecular 
Biology, Vol. 1, John Wiley & Sons, Inc., New York, at 
10.8.1. 

0333 ELISAS comprise preparing antigen; coating the 
wells of a 96 well microtiter plate with antigen; adding to the 
Wells the antibody of interest conjugated to a detectable 
compound Such as an enzymatic Substrate (e.g., horseradish 
peroxidase or alkaline phosphatase); incubating for a period 
of time, and detecting the presence of the antigen. In 
ELISAS, the antibody of interest does not have to be 
conjugated to a detectable compound; instead, a Second 
antibody (which recognizes the antibody of interest) conju 
gated to a detectable compound can be added to the Wells. 
Further, instead of coating the Wells with antigen, the 
antibody can be first coated onto the well. In this case, a 
Second antibody conjugated to a detectable compound can 
be added to the antibody-coated wells following the addition 
of the antigen of interest. One of skill in the art would be 
knowledgeable as to the parameters that can be modified to 
increase the Signal detected, as well as other variations of 
ELISAS known in the art. For further discussion regarding 
ELISAS, see, e.g., Ausubel et al, eds, 1994, Current Proto 
cols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., 
New York, at 11.2.1. 

0334. The binding affinity of an antibody to an antigen 
and the off-rate of an antibody-antigen interaction can be 
determined by competitive binding assays. One example of 
a competitive binding assay is a radioimmunoassay (RIA) 
involving the incubation of labeled antigen (e.g., H or 'I), 
or a fragment or variant thereof, with the antibody of interest 
in the presence of increasing amounts of labeled antigen, and 
the detection of the antibody bound to the labeled antigen. 
The affinity of the antibody of interest for the RAI-3 protein 
and the binding off rates can be determined from the data by 
Scatchard plot analysis. Competition with a Second antibody 
can also be determined using RIAS. In this case, the RAI-3 
protein is incubated with antibody of interest conjugated to 
a labeled compound (e.g., a compound labeled with H or 
'I in the presence of increasing amounts of an unlabeled 
Second antibody. This kind of competitive assay between 
two antibodies, can also be used to determine if two anti 
bodies bind to the same or to different epitopes of the same 
molecule. 
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0335) In a preferred aspect, BIAcore kinetic analysis is 
used to determine the binding on and off rates of antibodies 
(including antibody fragments or variants thereof) to the 
RAI-3 protein, or fragments of the RAI-3 protein. Kinetic 
analysis comprises analyzing the binding and dissociation of 
antibodies from chips with immobilized RAI-3 protein on 
the chip Surface. 

Methods of Diagnosis of COPD and COPD Related 
Disorders and Diseases 

0336. The present invention also relates to methods and 
compositions for the diagnosis of COPD or COPD related 
disorders, diseases and conditions. Such methods comprise, 
for example, measuring expression of the RAI-3 gene, or 
peptide-encoding fragments thereof, in a patient Sample, or 
detecting a mutation in the gene in the genome of an 
individual suspected of exhibiting COPD or COPD related 
dysfunction. RAI-3 nucleic acid molecules can also be used 
as diagnostic hybridization probes, or as primers, for diag 
nostic PCR analysis to identify RAI-3 gene mutations, 
allelic variations, or regulatory defects, Such as defects in the 
expression of the gene, which can Serve as indicators of 
susceptibility to COPD, or a lack thereof. Such diagnostic 
PCR analyses can be used to diagnose individuals with 
COPD associated mutation, allelic variation, or regulatory 
defects in the RAI-3 gene. 

Diagnosis and Prognosis of COPD and COPD 
Related Disorders 

0337 Methods of the invention for the diagnosis, screen 
ing and/or prognosis of COPD and COPD related diseases, 
disorders and conditions can utilize reagents Such as the 
RAI-3 nucleic acid molecule and Sequences or antibodies 
directed against the RAI-3 protein or polypeptide, including 
peptide fragments thereof. Specifically, Such reagents can be 
used, for example, for: (1) the detection of the presence of 
RAI-3 gene mutations, or the detection of either over- or 
under-expression of RAI-3 gene mRNA relative to the 
COPD state, or the qualitative or quantitative detection of 
alternatively-spliced forms of RAI-3 transcripts which may 
correlate with COPD or COPD related disorders or suscep 
tibility to such disorders; and (2) the detection of either an 
over- or an under-abundance of the RAI-3 gene product 
relative to the COPD state or the presence of a modified 
(e.g., less than full length) RAI-3 gene product which 
correlates with COPD dysfunctional state or a progression 
toward Such a State. In addition, Such RAI-3 reagents can be 
used in methods for the Screening, diagnosis and/or prog 
nosis of non-COPD related diseases, disorders, and/or con 
ditions, as described further herein, that are associated, for 
example, with NF-KB activation, with the activity or func 
tion of component molecules of the NF-kB pathway, or with 
other cell Signaling molecules. 
0338. The methods described herein may be performed, 
for example, by utilizing pre-packaged diagnostic test kits 
comprising at least one Specific RAI-3 nucleic acid or 
anti-RAI-3 antibody reagent described herein, which can be 
conveniently used, e.g., in clinical or laboratory Settings, to 
screen and diagnose patients exhibiting COPD or COPD 
related conditions or Symptoms related thereto, and to Screen 
and identify those individuals exhibiting a predisposition or 
susceptibility to COPD or COPD related conditions. 
0339 For the detection of RAI-3 mutations, any nucle 
ated cell can be used as a starting Source for genomic nucleic 
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acid; however, lung cells, e.g., epithelial airway cells, are 
preferred. For the detection of RAI-3 transcripts or RAI-3 
gene products, any cell type or tissue in which the RAI-3 
gene is expressed can be employed. 

Detection of RAI-3 Nucleic Acid Molecules 

0340 Mutations or polymorphisms within the RAI-3 
gene can be detected by utilizing a number of techniques. 
Nucleic acid from any nucleated cell can be used as the 
Starting point for Such assay techniques, and can be isolated 
according to Standard nucleic acid preparation procedures 
which are well known to those of skill in the art. 

0341 Genomic DNA can be used in hybridization or 
amplification assays of biological Samples to detect abnor 
malities involving the RAI-3 gene Structure, including point 
mutations, insertions, deletions and chromosomal rearrange 
ments. Such assays can include, but are not limited to, direct 
sequencing (C. Wong et al., 1987, Nature, 330:384-386), 
Single Stranded conformational polymorphism analyses 
(SSCP; M. Orita et al., 1989, Proc. Natl. Acad. Sci. USA, 
86:2766-2770), heteroduplex analysis (T. J. Keen et al., 
1991, Genomics, 11:199-205; D. J. Perry and R. W. Carrell, 
1992), denaturing gradient gel electrophoresis (DGGE, R. 
M. Myers et al., 1985, Nucl. Acids Res., 13:3131-3145), 
chemical mismatch cleavage (R. G. Cotton et al., 1988, 
Proc. Natl. Acad. Sci. USA, 85:4397–4401) and oligonucle 
otide hybridization (R. B. Wallace et al., 1981, Nucl. Acids 
Res., 9:879-894; R. J. Lipshutz et al., 1995, Biotechniques, 
19:442-447). 
0342 Diagnostic methods for the detection of RAI-3 
gene-specific nucleic acid molecules, in patient Samples or 
other appropriate cell Sources, can involve the amplification 
of Specific gene Sequences, e.g., by PCR, followed by the 
analysis of the amplified molecules using techniques well 
known to those of skill in the art, Such as, for example, those 
listed above. Utilizing analysis techniqueS Such as these, the 
amplified Sequences can be compared to those that would be 
expected if the nucleic acid being amplified contained only 
normal copies of the RAI-3 gene, in order to determine 
whether a RAI-3 gene mutation exists, for example, a 
mutation that correlates or associates with COPD, or Sus 
ceptibility to, COPD or related disorders and conditions. 
0343 Further, well-known genotyping techniques can be 
performed to type polymorphisms that are in close proximity 
to mutations in the RAI-3 gene itself. These polymorphisms 
can be used to identify individuals in families likely to carry 
mutations. If a polymorphism exhibits linkage disequilib 
rium with mutations in the RAI-3 gene, it can also be used 
to identify individuals in the general population who are 
likely to carry mutations. Polymorphisms that can be used in 
this way include restriction fragment length polymorphisms 
(RFLPs), which involve sequence variations in restriction 
enzyme target Sequences, Single nucleotide polymorphisms 
(SNPs), (e.g., Examples 5-8), and simple sequence repeat 
polymorphisms (SSLPs). For example, U.S. Pat. No. 5,075, 
217 to Weber describes a DNA marker based on length 
polymorphisms in blocks of (dC-dA)n-(dG-dT)n short tan 
dem repeats. The average separation of (dC-dA)-(dG-dT), 
blocks is estimated to be 30,000-60,000 bp. Markers which 
are So closely spaced exhibit a high frequency co-inherit 
ance, and are extremely useful in the identification of genetic 
mutations, Such as, for example, mutations within the RAI-3 
gene, and the diagnosis of diseases and disorders related to 
RAI-3 mutations. 
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0344). Also, U.S. Pat. No. 5,364,759 to Caskey et al. 
describes a DNA profiling assay for detecting short tri- and 
tetra-nucleotide repeat Sequences. The proceSS includes 
extracting the DNA of interest, e.g., the RAI-3 gene, ampli 
fying the extracted DNA, and labeling the repeat Sequences 
to form a genotypic map of an individual's DNA. An RAI-3 
probe can also be used to directly identify restriction frag 
ment polymorphisms (RFLPs) in an individual's DNA 
(gene). Further, an RAI-3 probe, or primers derived from the 
RAI-3 sequence, can be used to isolate genomic clones Such 
as YACs, BACs, PACs, cosmids, phage or plasmids. The 
DNA contained in these clones can be Screened for Single 
nucleotide polymorphisms (SNPs) or simple sequence 
length polymorphisms (SSLPs) using standard hybridization 
or Sequencing procedures. 
0345 Alternative diagnostic methods for the detection of 
RAI-3 gene-Specific mutations or polymorphisms can 
include hybridization techniques which involve, for 
example, contacting and incubating nucleic acids including 
recombinant DNA molecules, cloned genes, or degenerate 
variants thereof, obtained from a Sample, e.g., derived from 
a patient Sample or other appropriate cellular Source, with 
one or more labeled nucleic acid reagents, including RAI-3 
nucleic acid molecules, Such as recombinant DNA mol 
ecules, cloned genes or degenerate variants thereof, under 
conditions favorable for the Specific annealing of these 
reagents to their complementary Sequences within the RAI-3 
gene. Preferably, the lengths of these nucleic acid reagents 
are at least 15 to 30 nucleotides. After incubation, all 
non-annealed nucleic acids are removed from the nucleic 
acid: RAI-3 molecule hybrid. The presence of nucleic acids 
which have hybridized, if any Such molecules exist, is then 
detected. Using Such a detection Scheme, the nucleic acid 
from the cell type or tissue of interest can be immobilized, 
for example, to a Solid Support Such as a membrane, or a 
plastic Surface Such as that on a microtiter plate or polySty 
rene beads. In this case, after incubation, non-annealed, 
labeled RAI-3 nucleic acid molecules are easily removed. 
Detection of the remaining annealed and labeled RAI-3 
nucleic acid reagents is accomplished using Standard tech 
niques well-known to those in the art. The Sequences to 
which the RAI-3 nucleic acid molecules have annealed can 
be compared to the annealing pattern expected from a 
normal RAI-3 gene Sequence in order to determine whether 
an RAI-3 gene mutation or polymorphism is present. 
0346 Quantitative and qualitative aspects of RAI-3 gene 
expression can also be assayed. For example, RNA from a 
cell type or tissue known or Suspected to express the RAI-3 
gene can be isolated and tested utilizing hybridization or 
PCR techniques as described and known in the art. The 
isolated cells can be derived from cell culture or from a 
patient. The analysis of cells taken from culture may be a 
necessary Step in the assessment of cells to be used as part 
of a cell-based gene therapy technique or, alternatively, to 
test the effect of compounds on the expression of the RAI-3 
gene. Such analyses can reveal both quantitative and quali 
tative aspects of the expression pattern of the RAI-3 gene, 
including activation or inactivation of RAI-3 gene expres 
Sion and presence of alternatively spliced RAI-3 transcripts. 

0347 In one aspect of such a detection scheme, a cDNA 
molecule is synthesized from an RNA molecule of interest 
(e.g., RAI-3, by reverse transcription of the RNA molecule 
into cDNA). All or part of the resulting cDNA is then used 
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as the template for a nucleic acid amplification reaction, 
such as a PCR amplification reaction, or the like. The nucleic 
acid reagents used as Synthesis initiation reagents (e.g., 
primers) in the reverse transcription and nucleic acid ampli 
fication steps of this method are chosen from the RAI-3 
nucleic acid Sequence. The preferred lengths of Such nucleic 
acid reagents are at least 9-30 nucleotides. 
0348 For detection of the amplified product, the nucleic 
acid amplification can be performed using radioactively or 
non-radioactively labeled nucleotides. Alternatively, enough 
amplified product can be made So that the product can be 
Visualized by Standard ethidium bromide Staining or by 
utilizing any other Suitable nucleic acid Staining protocol, or, 
for example, quantitative PCR. Such RT-PCR techniques 
can be utilized to detect differences in RAI-3 transcript size 
which may be due to normal or abnormal alternative Splic 
ing. In addition, Such techniques can be utilized to detect 
quantitative differences between levels of full length and/or 
alternatively-Spliced RAI-3 transcripts detected in normal 
individuals relative to those in individuals exhibiting COPD 
or COPD related conditions or disorders, or exhibiting a 
predisposition to COPD or COPD related disorders. 
0349. If detection of specific alternately-spliced species 
is desired, appropriate primers and/or hybridization probes 
can be used, Such that, in the absence of Such Sequences, no 
amplification would occur. Alternatively, primer pairs can be 
chosen utilizing the RAI-3 nucleic acid sequence of SEQ ID 
NO:2 to choose primers which will yield fragments of 
differing Size depending on whether a particular exon is 
present or absent from the RAI-3 transcript being utilized. 
0350. As an alternative to amplification techniques, stan 
dard Northern analyses can be performed if a sufficient 
quantity of the appropriate cells can be obtained. Utilizing 
Such techniques, quantitative as well as size-related differ 
ences between RAI-3 transcripts can also be detected. In 
addition, it is possible to perform RAI-3 gene expression 
assays in situ, i.e., directly upon tissue Sections (fixed and/or 
frozen) of patient tissue obtained from biopsies or resec 
tions, Such that no nucleic acid purification is necessary. 
RAI-3 nucleic acid molecules can be used as probes and/or 
primers for Such in situ procedures (see, for example, G. J. 
Nuovo, 1992, PCR In Situ Hybridization: Protocols And 
Applications, Raven Press, NY). 

Detection of RAI-3 Gene Product/RAI-3 Protein or 
Polypeptide 

0351 Antibodies directed against wild type or mutant 
RAI-3 gene products, or conserved variants or peptide 
fragments thereof, as described above, can also be used for 
the diagnosis and prognosis of COPD or COPD related 
disorders. Such diagnostic methods can be used to detect 
abnormalities in the level of RAI-3 gene expression or 
abnormalities in the Structure and/or temporal, tissue, cel 
lular, or Subcellular location of RAI-3 gene products. Anti 
bodies, or fragments of antibodies, can be used to Screen 
potentially therapeutic compounds in vitro to determine their 
effects on RAI-3 gene expression and RAI-3 peptide pro 
duction. The compounds which have beneficial effects on 
COPD and COPD related disorders can be identified and a 
therapeutically effective dose determined. 
0352. In vitro immunoassays can be used, for example, to 
assess the efficacy of cell-based gene therapy for the treat 
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ment of COPD and COPD related disorders. For example, 
antibodies directed against RAI-3 peptides may be used in 
vitro to determine the level of RAI-3 gene expression found 
in cells that have been genetically engineered to produce 
RAI-3 peptides or protein. Such analysis allows for a 
determination of the number of transformed cells necessary 
to achieve therapeutic efficacy in Vivo, as well as optimiza 
tion of the gene replacement protocol. 

0353. The tissue or cell type to be analyzed generally 
includes those which are known, or Suspected, to express the 
RAI-3 gene, preferably lung cells or lung tissue cells. 
Protein isolation methods employed can be those as 
described in Harlow, E. and Lane, D., 1988, Antibodies. A 
Laboratory Manual, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, N.Y., for example. The isolated cells 
can be derived from cell culture or from a patient. The 
analysis of cells taken from culture may be a necessary Step 
in the assessment of cells to be used as part of a cell-based 
gene therapy technique or, alternatively, to test the effect of 
compounds on the expression of the RAI-3 gene. 

0354 Preferred diagnostic methods for the detection of 
the RAI-3 gene products or conserved variants or peptide 
fragments thereof, may involve, for example, immunoassays 
wherein the RAI-3 gene product or conserved variants, 
including gene products which are the result of alternatively 
Spliced transcripts, or peptide fragments, are detected by 
their interaction with an anti-RAI-3-specific antibody. For 
example, antibodies, or fragments of antibodies, Such as 
described above, can be used to detect both quantitatively or 
qualitatively the presence of the RAI-3 gene product or 
conserved variants or peptide fragments thereof. The anti 
bodies (or fragments thereof) can also be employed histo 
logically, for example, in immunofluorescence or immuno 
electron microscopy, for in situ detection of the RAI-3 
protein or conserved variants or peptide fragments thereof. 
In Situ detection is carried out by removing a histological 
Specimen from a patient, and applying thereto a labeled 
RAI-3 antibody according to this invention. The antibody 
(or antibody fragment) is preferably applied by overlaying 
the labeled antibody (or fragment) onto a biological Sample. 
Through the use of Such a procedure, it is possible to 
determine not only the presence of the RAI-3 gene product, 
or conserved variants or peptide fragments, but also its 
distribution in the examined tissue. The skilled practitioner 
will readily perceive that any of a wide variety of histologi 
cal methods (Such as staining procedures) can be modified in 
order to achieve Such in Situ detection. 

0355 Immunoassays for detecting RAI-3 or conserved 
variants or peptide fragments thereof typically comprise 
incubating a Sample, Such as a biological fluid, a tissue 
extract, freshly harvested cells, or lysates of cells which 
have been incubated in cell culture, in the presence of a 
detectably labeled antibody capable of binding RAI-3 pro 
tein or conserved variants or peptide fragments thereof, and 
detecting the bound antibody-RAI-3 complex by any of a 
number of techniques well-known in the art. 
0356. The biological sample can be brought into contact 
with and immobilized onto a Solid phase Support or carrier 
such as nitrocellulose, nylon membrane, PVDF membrane, 
or other Solid Support that is capable of immobilizing cells, 
cell particles or Soluble proteins. The Support can then be 
washed with Suitable buffers followed by treatment with the 
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detectably labeled anti-RAI-3 specific antibody. The solid 
phase Support is washed with the buffer a Second time to 
remove unbound antibody. The amount of bound label on 
the Solid Support is then detected by conventional means. 

0357. A “solid phase support or carrier” refers to any 
Support capable of binding an antigen or an antibody. 
Well-known Supports or carriers include glass, polystyrene, 
polypropylene, polyethylene, dextran, nylon, amylases, 
natural and modified celluloses, polyacrylamides, gabbros, 
and magnetite. The nature of the carrier can be either Soluble 
to Some extent or insoluble. The Support material can have 
Virtually any possible Structural configuration So long as the 
coupled molecule is capable of binding to an antigen or 
antibody. Thus, the Support configuration can be spherical, 
as in a bead, or cylindrical, as in the inside Surface of a test 
tube, or the external Surface of a rod. Alternatively, the 
Surface can be flat Such as a sheet, test Strip, etc. Preferred 
Supports include polystyrene beads. Those skilled in the art 
will know many other suitable carriers for binding antibody 
or antigen, or will be able to ascertain the same by use of 
routine experimentation. 

0358. The binding activity of an anti-RAI-3 antibody can 
be determined according to well known methods. Those 
skilled in the art will be able to determine operative and 
optimal assay conditions for each determination by employ 
ing routine experimentation. One of the ways in which an 
RAI-3-specific antibody can be detectably labeled is by 
linking the antibody to an enzyme in an enzyme linked 
immunoassay (ELISA) (A. Voller “The Enzyme Linked 
Immunosorbent Assay (ELISA)”, 1978, Diagnostic Hori 
zons 2:1-7, Microbiological Associates Quarterly Publica 
tion, Walkersville, Md.); A. Voller et al., 1978, J. Clin. 
Pathol, 31:507-520; J. E. Butler, 1981, Meth. Enzymol., 
73:482-523; E. Maggio (ed.), 1980, Enzyme Immunoassay, 
CRC Press, Boca Raton, Fla.; E. Ishikawa et al., (eds.), 
1981, Enzyme Immunoassay, Kgaku Shoin, Tokyo). The 
enzyme which is bound to the antibody reacts with an 
appropriate Substrate, preferably a chromogenic Substrate, in 
Such a manner as to produce a chemical moiety that can be 
detected, for example, by Spectrophotometric, fluorometric 
or Visual means. Examples of enzymes that can be used to 
detectably label an antibody include, but are not limited to, 
malate dehydrogenase, Staphylococcal nuclease, delta-5- 
Steroid isomerase, yeast alcohol dehydrogenase, alpha-glyc 
erophosphate, dehydrogenase, triose phosphate isomerase, 
horseradish peroxidase, alkaline phosphatase, asparaginase, 
glucose oxidase, beta-galactosidase, ribonuclease, urease, 
catalase, glucose-6-phosphate dehydrogenase, glucoamy 
lase and acetylcholinesterase. The detection can be accom 
plished by colorimetric methods which employ a chromoge 
nic Substrate for the enzyme. Detection can also be 
accomplished by Visual comparison of the extent of enzy 
matic reaction of a Substrate compared with Similarly pre 
pared Standards. 

0359 Detection can also be achieved using any of a 
variety of other immunoassayS. For example, by radioac 
tively labeling the antibodies or antibody fragments, it is 
possible to detect RAI-3 protein or peptides through the use 
of a radioimmunoassay (RIA) (See, for example, B. Wein 
traub, Principles of Radioimmunoassays, Seventh Training 
Course on Radioligand ASSay Techniques, The Endocrine 
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Society, March, 1986. The radioactive isotope can be 
detected by using a gamma counter or a Scintillation counter 
or by autoradiography. 
0360. It is also possible to label the antibody with a 
fluorescent compound. When the fluorescently labeled anti 
body is exposed to light of the proper wavelength, its 
presence can then be detected due to fluorescence (emission 
of light of a different wavelength). Among the most com 
monly used fluorescent labeling compounds are fluorescein 
isothiocyanate, rhodamine, phycoerythrin, phycocyanin, 
allophycocyanin, o-phthaldehyde and fluorescamine. The 
antibody can also be detectably labeled using fluorescence 
emitting metals such as "Eu, or others of the lanthanide 
Series. These metals can be attached to the antibody using 
Such metal chelating groups as diethylenetriaminepentacetic 
acid (DTPA) or ethylenediaminetetraacetic acid (EDTA). 
0361 The antibody also can be detectably labeled by 
coupling it to a chemiluminescent compound. The presence 
of the chemiluminescent-tagged antibody is then determined 
by detecting the presence of luminescence that arises during 
the course of a chemical reaction. Examples of particularly 
useful chemiluminescent labeling compounds are luminol, 
isoluminol, theromatic acridinium ester, imidazole, acri 
dinium Salt and oxalate ester. 

0362 Similarly, a bioluminescent compound can be used 
to label an anti-RAI-3 antibody. Bioluminescence is a type 
of chemiluminescence found in biological Systems in which 
a catalytic protein increases the efficiency of the chemilu 
minescent reaction. The presence of a bioluminescent pro 
tein is determined by detecting the presence of lumines 
cence. Illustrative bioluminescent compounds for the 
purposes of bioluminescent labeling include luciferin, 
luciferase and aequorin. 

Screening ASSays for Determining Compounds that 
Modulate RAI-3 and Compositions Related Thereto 

0363 Screening assays can be used to identify com 
pounds that modulate RAI-3 function or activity. Such 
compounds can include, but are not limited to, peptides, 
Small organic or inorganic molecules or macromolecules 
Such as nucleic acid molecules or proteins, e.g., antibodies 
and antibody fragments, and can be utilized, for example, in 
the control and/or treatment of COPD and COPD related 
disorders, in the modulation of Second messenger or cellular 
molecules which are regulated or modulated by RAI-3, such 
as IKB, and which may affect COPD and its related condi 
tions and disorders. These compounds may also be useful, 
e.g., in elaborating the biological functions of the RAI-3 
gene product, i.e., the RAI-3 protein and its peptides, in 
modulating the RAI-3 biological functions and for prevent 
ing, treating, reducing, and/or ameliorating Symptoms and/ 
or physiological characteristics and effects of COPD or 
COPD related disorders. 

0364. The compositions of the invention include phar 
maceutical compositions comprising one or more of the 
RAI-3 modulator compounds. Such pharmaceutical compo 
sitions can be formulated as discussed hereinbelow. More 
Specifically, these compounds can include compounds that 
bind to RAI-3 and its peptide components, compounds that 
bind to other proteins or molecules that interact with an 
RAI-3 gene product and/or interfere with the interaction of 
the RAI-3 gene product with other proteins or molecules, 
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and compounds that modulate the activity of the RAI-3 
gene, i.e., modulate the level of RAI-3 gene expression 
and/or modulate the level of the RAI-3 gene product or 
protein activity. 

0365. In a related aspect, assays can be utilized that 
identify compounds that bind to RAI-3 gene regulatory 
Sequences, e.g., promoter Sequences (see e.g., K. A. Platt, 
1994, J. Biol. Chem., 269:28558-28562); such compounds 
may modulate the level of RAI-3 gene expression. In 
addition, functional assays can be used to Screen for com 
pounds that modulate RAI-3 gene product activity. In Such 
assays, compounds are Screened for agonistic or antagonistic 
activity with respect to the biological activity or function of 
the RAI-3 protein, polypeptide, or peptides, Such as changes 
in the intracellular levels or activity of a molecule with 
which RAI-3 interacts or which is regulated by RAI-3, 
changes in regulatory factor release, or other activities or 
functions of the RAI-3 protein, polypeptide or peptides 
which are involved in causing or maintaining COPD and 
COPD related disorders according to this invention. 
0366 According to an embodiment of this invention, 
molecules that are affected, regulated, modulated, or which 
otherwise interact with RAI-3, particularly in cells affected 
by COPD, for example, molecules of the NF-kB pathway 
and/or E-Selectin molecules, can be monitored or assayed in 
RAI-3-expressing host cells to determine if modulators of 
RAI-3 (e.g., antagonists Such as antisense of RAI-3 as 
described further herein) affect the function of component 
molecules in the pathway. In a particular aspect of this 
embodiment, antisense to RAI-3 were used to evaluate the 
outcome of IKB mRNA expression in A549 cells, as well as 
E-Selectin Surface expression in human microvascular 
endothelial cells (HMVECs). It was found that antisense to 
RAI-3 increased the level of IKB mRNA in A549 cells and 
decreased TNF-C. induced E-Selectin Surface expression in 
HMVECs. (FIGS. 14A and 14B and Examples 2 and 3). 
0367. With regard to the above findings, it has been 
shown that the IKB promoter is driven by NF-kB and by an 
NF-kB-independent arsenite/heat stress response (C. Y. Ito 
et al., 1994, Nucleic Acids Res., 22:3787-3792; and H. R. 
Wong et al., 1997, J. Clin. Invest., 99:2423-2428). In addi 
tion, the E-Selectin promoter has been shown to be activated 
by NF-kB; however, elevated levels of cAMP can inhibit 
TNF-C. Stimulation of E-selectin expression on endothelial 
cells (V Olivier et al., 1996, J. Biol. Chem., 271:20828 
20835; and L. G. De Luca et al., 1994, J. Biol. Chem., 
269:19193-19196). Similarly, LPS stimulation of TNF-C. 
expression, a response that is also driven by NF-kB has been 
shown to be inhibited by elevated cAMP in RAW246.7 and 
THP-1 cells. (V Olivier et al., 1996, J. Biol. Chem., 
271:20828-20835; and M Delgad et al., 1996, J. Biol. 
Chem., 273:31427-31436). Stress induced by arsenite in 
PC12 cells has been shown to stimulate ATF/CREB family 
members (cAMP-responsive element-DNA binding pro 
teins) to drive Gadd153 expression (T. W. Fawcet et al., 
1999, J. Biochem., 339:135-141). Taken together these data 
Suggest that antisense to RAI-3 could increase cAMP pools 
that act to Stimulate IKB expression, which, in turn, can drive 
down NF-KB nuclear location. Under this scenario, E-se 
lectin expression would be decreased when RAI-3 is antago 
nized (either by antisense or Small molecules) as a conse 
quence of a decrease in NF-KB nuclear localization, as well 
as by increasing the cAMP pools. 
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0368. The ability of RAI-3 to regulate NF-kB functions 
in RAI-3 expressing cells, endothelial cells and lung epi 
thelial cells, Supports the view that antagonist and agonists 
to RAI-3 would have an impact on many diseases, including 
autoimmune diseases, inflammation, asthma, COPD, rheu 
matoid arthritis (RA), cancers, Such as, but not limited to, 
lung cancer, Stomach cancer, breast cancer, testicular cancer, 
OVarian cancer, cervical cancer, genitourinary tract cancer, 
bladder cancer, prostate cancer, gastrointestinal cancer, 
colon cancer, esophageal cancer, head and neck cancer, 
cancer of the brain, thyroid cancer, liver cancer, pancreatic 
cancer, kidney cancer, etc., ischemia-reperfusion injury, 
atherosclerosis, thrombosis, and other vascular diseases. The 
results reported herein (Examples 2 and 3, FIGS. 14A and 
14B) support the view that antagonists to RAI-3 can down 
regulate NF-KB-mediated functions, including reducing the 
expression of genes that control endothelial cell adhesion 
events and cytokine secretion (S. E. Meiler, 2002, J. Mol. 
Cell. Cardiol., 34:349-359; S. Yoshimura et al., 2001, Gene 
Ther., 8:1635-1642; M. Morigiet al., 1998, J. Clin. Inves 
tigation, 101:1905-1915; C. Sultana, 1998, Blood, 92:3924 
3935; and G. Voraberger et al., 1991, J. Immunol., 147:2777 
2786). 
0369 The impact of blocking the binding of leukocytes 
and platelets to the endothelium is a reduction of inflam 
matory responses on the vessel wall, as well as entry of 
leukocytes into tissues involved in autoimmune diseases, 
sites of inflammation, and in diseases Such as COPD where 
foreign Substances (i.e., Smoke, allergens, environmental 
pollutants, and pathogens) drive immune cell recruitment 
and activation (D. J. Lefer, 2000, Ann. Rev. Pharmacology 
and Toxicology, 40:283-294; M. P. Bevilacqua, 1994, Ann. 
Re: Med., 45:361-378; S. D. Rosen, 1993, Seminars Immu 
nol. 5:237-247; A. J. Gearing and W. Newman, 1993, Immu 
nol. Today, 14:506-512; and A. D. Blann and G. Y. Lip, 
1997, Clin. Cardiol., 20:822-824). Adhesion of metastatic 
cancer cells to endothelium is also believed to contribute to 
the metastatic process, accordingly, modulatorS Such as 
antagonists to RAI-3 would be predicted to reduce endot 
helium-cancer cell interactions. (B. R. Zetter, 1993, Semin. 
Cancer Biol., 4:219–229; T. Krause, 1999, Clin. Exp. 
Metastasis, 17:183-192). 
0370. The central role of NF-kB activation in bronchiolar 
epithelium in coordinating airway inflammation has been 
demonstrated in a number of mouse and cellular models 
where chemokine, eotaxin, IL-8, MMP-9, and iNOS syn 
thase expression are enhanced leading to neutrophil and 
eosinophil infiltration and tissue damage (M. E. Poynter, 
2002, Am. J. Pathol., 160:1325-1334; D-W. Jeong, 2002, J. 
Biol. Chem., 277:17871-17876; A. Hozumi et al., 2001, Am. 
J. Physiol. Lung Cell Mol. Physiol., 281:L1444-L1452; R. S. 
Smith et al., 2001, J. Immunol., 167:366-374; R. W. Ganster 
et al., 2001, Proc. Natl. Acad. Sci. USA, 98:8638-8643; and 
H. Takizawa, 1999, J. Immunol., 162:4705-4711). In addi 
tion, NF-KB has been shown to regulate aquaporin 5, a major 
water channel that is expressed in alveolar, tracheal and 
upper bronchial epithelium, thereby contributing not only to 
lung inflammation, but also to airway edema (J. E. Towne et 
al., 2001, J. Biol. Chem., 276:18657-18664). Mucin produc 
tion by Specialized epithelial cells has also been shown to be 
regulated by NF-kB (Seuningen et al., 2001. Front. BioSci., 
6:D1216-D1234; and J.-D. Li et al., 1998, Proc. Natl. Acad. 
Sci. USA, 95:5718-5723). Thus, using antagonist or agonist 
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modulators of RAI-3 that target lung epithelial cells offers a 
novel utility as therapeutics for many diseases of the lung. 

0371. According to another embodiment of this inven 
tion, Screening assays can be designed to identify com 
pounds capable of binding to the RAI-3 gene product or 
peptides thereof. Such compounds can be useful, e.g., in 
modulating the activity of wild type and/or mutant RAI-3, in 
elaborating the biological function of the RAI-3 gene prod 
uct, and in Screens for identifying compounds that disrupt 
normal RAI-3 gene product interactions. Alternatively, Such 
compounds may in themselves disrupt Such interactions. 
0372 Screening assays to identify compounds that bind 
to RAI-3, and/or its composite peptides can involve prepar 
ing a reaction mixture of the RAI-3 protein or peptide and 
a test compound under conditions and for a time Sufficient to 
allow the two components to interact with, i.e., bind to each 
other, and thus form a complex, which can represent a 
transient complex that can be removed and/or detected in the 
reaction mixture. For example, one type of assay involves 
anchoring an RAI-3 polypeptide or peptide, or the test 
Substance, onto a Solid phase and detecting the RAI-3 
polypeptide or peptide/test compound complexes anchored 
on the Solid phase at the end of the reaction. In one aspect 
of Such a method, the RAI-3 polypeptide or peptide can be 
anchored onto a Solid Surface, and the test compound, which 
is not anchored, can be labeled, either directly or indirectly. 
0373 The detection of complexes anchored on the solid 
Surface can be accomplished in a number of ways. In cases 
in which the previously non-immobilized component is 
pre-labeled, the detection of label immobilized on the Sur 
face indicates that complexes were formed. In cases in 
which the previously non-immobilized component is not 
pre-labeled, an indirect label can be used to detect com 
plexes anchored on the Surface; e.g., using a labeled anti 
body Specific for the previously non-immobilized compo 
nent (the antibody, in turn, can be directly labeled, or 
indirectly labeled with a labeled anti-Ig antibody). 
0374. Alternatively, a reaction can be conducted in a 
liquid phase, the reaction products Separated from unreacted 
components, and complexes detected, e.g., using an immo 
bilized antibody specific for the RAI-3 polypeptide or pep 
tide, or the test compound, to anchor any complexes formed 
in Solution, and a labeled antibody Specific for the other 
component of the formed complex to detect anchored com 
plexes. 

0375 Compounds that modulate RAI-3 protein activity 
can also include compounds that bind to proteins that 
interact with RAI-3. These modulatory compounds can be 
identified by first identifying those proteins, e.g., cellular 
proteins, that interact with the RAI-3 protein product, e.g., 
by Standard techniques known in the art for detecting 
protein-protein interactions, Such as co-immunoprecipita 
tion, croSS-linking and co-purification through gradients or 
chromatographic columns. Utilizing procedures Such as 
these allows for the isolation of proteins that interact with 
the RAI-3 protein, polypeptide, or peptides. 

0376 Once isolated, such a protein can be identified and 
can, in turn, be used, in conjunction with Standard tech 
niques, to identify additional proteins with which that pro 
tein (and/or RAI-3) interacts. For example, at least a portion 
of the amino acid Sequence of the protein that interacts with 
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the RAI-3 gene product can be ascertained using techniques 
well known to those of skill in the art, Such as via the Edman 
degradation technique (see, e.g., Creighton, 1983, Proteins. 
Structures and Molecular Principles, W.H. Freeman & Co., 
N.Y., pp.34-49). The amino acid sequence thus obtained can 
be used as a guide for the generation of oligonucleotide 
mixtures that can, in turn, be used to Screen for gene 
Sequences encoding the interacting proteins. Screening is 
accomplished, for example, by Standard hybridization or 
PCR techniques. Techniques for the generation of oligo 
nucleotide mixtures and Screening are well-known and prac 
ticed in the art (see, e.g., F. M. Ausubel, Supra, and PCR 
Protocols: A Guide to Methods and Applications, 1990, M. 
Innis et al., eds. Academic Press, Inc., New York). 
0377. In addition, methods can be employed that result in 
the Simultaneous identification of genes which encode pro 
teins that interact with the RAI-3 polypeptide. These meth 
ods include, for example, probing expression libraries with 
labeled RAI-3 protein or polypeptide, using RAI-3 protein 
or polypeptide in a manner Similar to the well known 
technique of antibody probing of Wgt11 libraries. One 
method that detects protein interactions in Vivo is the 
two-hybrid system. A version of this system is described by 
Chien et al., 1991, Proc. Natl. Acad. Sci. USA, 88:9578-9582 
and is commercially available from Clontech (Palo Alto, 
Calif.). 
0378 Compounds that disrupt the interaction of RAI-3 
with other molecules, or binding partners, as determined by 
techniques exemplified above, can be useful in regulating 
the activity of the RAI-3 protein, including mutant RAI-3 
proteins. Such compounds can include, but are not limited 
to, molecules Such as peptides, and the like, which bind to 
RAI-3 as described above. Illustrative assay systems used to 
identify compounds that interfere with the interaction 
between RAI-3 and its interacting molecule(s) involves 
preparing a reaction mixture containing the RAI-3 protein or 
peptide and the interacting molecule, under conditions and 
for a time sufficient to allow the two to interact (and bind), 
thus forming a complex. In order to test a compound for 
inhibitory activity, the reaction mixture is prepared in the 
presence and absence of the test compound. The test com 
pound can be initially included in the reaction mixture, or it 
can be added at a time subsequent to the addition of RAI-3 
and its interacting molecule. Control reaction mixtures are 
incubated without the test compound or with a placebo. 
Complexes formed between RAI-3 and the interacting mol 
ecule(s) are then detected. The formation of a complex in the 
control reaction, but not in the reaction mixture containing 
the test compound, indicates that the compound interferes 
with the interaction of RAI-3 and the interacting molecule. 
Further, complex formation within reaction mixtures con 
taining the test compound and a normal RAI-3 protein or 
peptide product can also be compared with complex forma 
tion within reaction mixtures containing the test compound 
and a mutant RAI-3 protein or peptide product. This com 
parison could be particularly useful in those cases in which 
it is desirable to identify compounds that disrupt interactions 
of mutant but not normal RAI-3 proteins. 
0379 Assaying for compounds that interfere with the 
interaction of the RAI-3 protein or peptides and interacting 
(e.g., modulated or regulated) molecules can be conducted 
in a heterogeneous or homogeneous format. Heterogeneous 
assays involve anchoring either RAI-3 or the binding mol 
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ecule onto a Solid phase and detecting complexes anchored 
on the Solid phase at the end of the reaction. In homogeneous 
assays, the entire reaction is carried out in a liquid phase. In 
either approach, the order of addition of the reaction com 
ponents can be varied to obtain different information about 
the compounds being tested. For example, test compounds 
that interfere with the interaction between RAI-3 and its 
interacting molecules, e.g., by competition, can be identified 
by conducting the reaction in the presence of the test 
Substance; i.e., by adding the test Substance to the reaction 
mixture prior to, or simultaneously with, RAI-3 and the 
interacting molecule. Alternatively, test compounds that 
disrupt preformed complexes, e.g., compounds with higher 
binding constants that displace one of the components from 
the complex, can be tested by adding the test compound to 
the reaction mixture after the complexes between RAI-3 and 
another molecule or molecules have been formed. The 
various formats are described briefly below. 
0380. In a heterogeneous assay system, either RAI-3 or 
the interacting molecule, is anchored onto a Solid Surface, 
while the non-anchored molecule is labeled, either directly 
or indirectly. In practice, microtiter plates are conveniently 
utilized. The anchored species can be immobilized by non 
covalent or covalent attachments. Non-covalent attachment 
can be achieved simply by coating the Solid Surface with a 
Solution comprising RAI-3 or the interacting molecule and 
drying the Surface. Alternatively, an immobilized antibody 
Specific for the molecule to be anchored can be used to 
anchor the species to the Solid Surface. The Surfaces can be 
prepared in advance and Stored. 

0381. In order to conduct the assay, the partner of the 
immobilized Species is exposed to the coated Surface with or 
without the test compound. After the reaction is complete, 
unreacted components are removed (e.g., by washing) and 
any complexes formed remain immobilized on the Solid 
Surface. The detection of complexes anchored on the Solid 
surface is performed in a number of ways. Where the 
non-immobilized Species is pre-labeled, the detection of 
label immobilized on the Surface indicates that complexes 
were formed. Where the non-immobilized species is not 
pre-labeled, an indirect label can be used to detect com 
plexes anchored on the Surface; e.g., using a labeled anti 
body specific for the initially non-immobilized species (the 
antibody, in turn, can be directly labeled or indirectly labeled 
with a labeled anti-Ig antibody). Depending upon the order 
of adding the reaction components, test compounds which 
inhibit complex formation, or which disrupt preformed 
complexes, can be detected. 

0382 Alternatively, the reaction can be conducted in a 
liquid phase in the presence or absence of the test com 
pound, the reaction products Separated from unreacted com 
ponents, and complexes detected; e.g., using an immobilized 
antibody Specific for one of the interacting components, to 
anchor any complexes formed in Solution, and a labeled 
antibody Specific for the other partner to detect anchored 
complexes. Again, depending upon the order of addition of 
reaction components to the liquid phase, test compounds 
that inhibit complex formation or that disrupt preformed 
complexes can be identified. 

0383. In another aspect of such assays, a preformed 
complex of the RAI-3 protein or peptide and an interacting 
molecule is prepared in which either RAI-3 or its interacting 
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partner molecule is labeled. However, the Signal generated 
by the label is quenched due to complex formation between 
RAI-3 and the interacting molecule (see, e.g., U.S. Pat. No. 
4,109,496 to Rubenstein which utilizes this approach for 
immunoassays). The addition of a test Substance that com 
petes with and displaces one of the Species from the pre 
formed complex will result in the generation of a signal 
above background. In this way, test Substances that disrupt 
RAI-3 protein/interacting partner interactions can be iden 
tified. 

0384 Techniques as described above can be employed 
using RAI-3 peptide fragments that correspond to the bind 
ing domains of the RAI-3 protein and/or the interacting 
partner, instead of one or both of the full length proteins. 
Any number of methods routinely practiced in the art can be 
used to identify and isolate the binding Sites. These methods 
include, but are not limited to, mutagenesis of the gene 
encoding one of the proteins and Screening for disruption of 
binding in a co-immunoprecipitation assay. Compensating 
mutations in the gene encoding the Second Species in the 
complex can then be selected. Sequence analysis of the 
genes encoding the respective proteins will reveal the muta 
tions that correspond to the region of the protein involved in 
interacting, e.g., binding. Alternatively, one protein can be 
anchored to a Solid Surface using methods as described 
above, and allowed to interact with, e.g., bind, to its labeled 
interacting partner, which has been treated with a proteolytic 
enzyme, Such as trypsin. After Washing, a short, labeled 
peptide comprising the interacting, e.g., binding, domain 
may remain associated with the Solid material; the associ 
ated domain can be isolated and identified by amino acid 
Sequencing. Also, once the gene coding for the intracellular 
binding partner is obtained, short gene Segments can be 
engineered to express peptide fragments of the protein, 
which can then be tested for binding activity and purified or 
Synthesized. 

0385) The human RAI-3 polypeptide and/or peptides, or 
immunogenic fragments or oligopeptides thereof, can be 
used for Screening for therapeutic drugs or compounds for 
COPD or COPD related disorders in a variety of drug 
Screening techniques. The fragment employed in Such a 
Screening assay can be free in Solution, affixed to a Solid 
Support, borne on a cell Surface, or located intracellularly. 
The reduction or elimination of activity in the formation of 
binding complexes between RAI-3 protein and the agent 
being tested can be measured. Thus, the present invention 
provides a method for Screening or assessing a plurality of 
compounds for their specific binding affinity with the RAI 
32 polypeptide, or a bindable peptide fragment, involving 
obtaining or providing or testing a plurality of compounds, 
combining the RAI-3 polypeptide, or a bindable peptide 
fragment, with each of the plurality of compounds for a time 
Sufficient to allow binding under Suitable conditions and 
detecting binding of the RAI-3 polypeptide or peptide to 
each of the plurality of test compounds, thereby identifying 
the compounds that Specifically bind to the RAI-3 polypep 
tide or peptide. 
0386 Methods of identifying compounds that modulate 
the activity of the RAI-3 polypeptide and/or peptides com 
prise combining a potential or candidate compound or drug 
modulator with RAI-3 polypeptide or peptide, for example, 
the RAI-3 amino acid sequence as set forth in SEQID NO:3, 
or a peptide encoding Sequence thereof, and measuring an 
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effect of the candidate compound or drug modulator on the 
biological activity of the RAI-3 polypeptide or peptide. Such 
measurable effects include, for example, physical binding 
interaction; effects on native and cloned RAI-3-expressing 
cell lines; and effects on components of the NF-kB pathway 
which are regulated or modulated by RAI-3 either directly or 
indirectly via RAI-3 modulators as described herein. 
0387 Another method of identifying compounds that 
modulate the biological activity of the RAI-3 protein com 
prises combining a potential or candidate compound or drug 
modulator, e.g., of an NF-KB pathway component, Such as 
IkB, with a host cell that expresses the RAI-3 polypeptide 
and measuring an effect of the candidate compound or drug 
modulator on the biological activity of the RAI-3 polypep 
tide. The host cell can also be capable of being induced to 
express the RAI-3 polypeptide, e.g., via inducible expres 
Sion. Physiological effects of a given candidate modulator on 
the RAI-3 polypeptide can also be measured. Thus, cellular 
assays for particular NF-kB pathway modulators can be 
either direct measurement or quantification of the physical 
biological activity of RAI-3, or they can involve measure 
ment or quantification of a physiological effect. Such meth 
ods preferably employ the RAI-3 polypeptide as described 
herein, or an overexpressed recombinant RAI-3 polypeptide 
in Suitable host cells containing an expression vector as 
described herein, wherein the RAI-3 polypeptide is 
expressed, overexpressed, or undergoes up-regulated 
expression. 

0388 Another aspect of the present invention embraces a 
method of Screening for a compound that is capable of 
modulating the biological activity of the RAI-3 polypeptide, 
comprising providing a host cell containing an expression 
vector harboring a nucleic acid Sequence encoding a RAI-3 
polypeptide, or a functional peptide or portion of the RAI-3 
amino acid sequence (SEQ ID NO:3); determining the 
biological activity of the expressed RAI-3 polypeptide in the 
absence of a modulator compound; contacting the cell with 
the modulator compound; and determining the biological 
activity of the expressed RAI-3 polypeptide in the presence 
of the modulator compound. In Such a method, a difference 
between the activity of the RAI-3 polypeptide in the pres 
ence of the modulator compound and in the absence of the 
modulator compound indicates a modulating effect of the 
compound. 
0389 Essentially any chemical compound can be 
employed as a potential modulator or ligand in the assays for 
determining or identifying RAI-3 modulators or effector 
molecules. Compounds tested as candidate modulators can 
be any Small chemical compound, or biological entity (e.g., 
protein, Sugar, nucleic acid, lipid). Test compounds are 
typically Small chemical molecules and peptides. Generally, 
the compounds used as potential modulators can be dis 
Solved in aqueous or organic (e.g., DMSO-based) Solutions. 
The assays are designed to Screen large chemical libraries by 
automating the assay StepS and providing compounds from 
any convenient Source. ASSays are routinely run in parallel, 
for example, in microtiter formats on microtiter plates in 
robotic assays, e.g., high throughput assays. There are many 
Suppliers of chemical compounds, including Sigma (St. 
Louis, Mo.), Aldrich (St. Louis, Mo.), Sigma-Aldrich (St. 
Louis, Mo.), Fluka Chemika-Biochemica Analytika (Buchs, 
Switzerland), for example. Also, compounds may be Syn 
thesized by methods known in the art. 
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0390 High throughput screening methodologies are 
especially envisioned for the detection of modulators or 
effectors of the RAI-3 polypeptide particularly for prevent 
ing, treating or ameliorating COPD and COPD related 
disorders as discussed herein. Such high throughput Screen 
ing methods typically involve providing a combinatorial 
chemical or peptide library containing a large number of 
potential therapeutic compounds (e.g., ligand or modulator 
compounds). Such combinatorial chemical libraries or 
ligand libraries are then Screened in one or more assays to 
identify those library members (e.g., particular chemical 
Species or Subclasses) that display a desired characteristic 
activity. The compounds So identified can Serve as conven 
tional lead compounds, or can themselves be used as poten 
tial or actual therapeutics. 
0391 AS is appreciated by the skilled practitioner, a 
combinatorial chemical library is a collection of diverse 
chemical compounds generated either by chemical Synthesis 
or biological Synthesis, by combining a number of chemical 
building blocks (i.e., reagents Such as amino acids). AS an 
example, a linear combinatorial library, e.g., a polypeptide 
or peptide library, is formed by combining a set of chemical 
building blocks in every possible way for a given compound 
length (i.e., the number of amino acids in a polypeptide or 
peptide compound). Millions of chemical compounds can be 
Synthesized through Such combinatorial mixing of chemical 
building blocks. 
0392 The preparation and screening of combinatorial 
chemical libraries is well known to those having skill in the 
pertinent art. Combinatorial libraries include, without limi 
tation, peptide libraries (e.g. U.S. Pat. No. 5,010, 175; Furka, 
1991, Int. J. Pept. Prot. Res., 37:487-493; and Houghton et 
al., 1991, Nature, 354:84-88). Other chemistries for gener 
ating chemical diversity libraries can also be used. Nonlim 
iting examples of chemical diversity library chemistries 
include, peptoids (PCT publication no. WO 91/019735), 
encoded peptides (PCT publication no. WO 93/20242), 
random bio-oligomers (PCT publication no. WO92/00091), 
benzodiazepines (U.S. Pat. No. 5,288,514), diverSomers 
Such as hydantoins, benzodiazepines and dipeptides (Hobbs 
et al., 1993, Proc. Natl. Acad. Sci. USA, 90:6909-6913), 
vinylogous polypeptides (Hagihara et al., 1992, J. Amer: 
Chem. Soc., 114:6568), nonpeptidal peptidomimetics with 
glucose scaffolding (Hirschmann et al., 1992, J. Amer: 
Chem. Soc., 114:9217-9218), analogous organic synthesis of 
Small compound libraries (Chen et al., 1994, J. Amer: Chem. 
Soc., 116:2661), oligocarbamates (Cho et al., 1993, Science, 
261: 1303), and/or peptidyl phosphonates (Campbell et al., 
1994, J. Org. Chem., 59:658), nucleic acid libraries (see 
Ausubel, Berger and Sambrook, all Supra), peptide nucleic 
acid libraries (U.S. Pat. No. 5,539,083), antibody libraries 
(e.g., Vaughn et al., 1996, Nature Biotechnology, 14(3):309 
314) and PCT/US96/10287), carbohydrate libraries (e.g., 
Liang et al., 1996, Science, 274-1520-1522) and U.S. Pat. 
No. 5,593,853), small organic molecule libraries (e.g., ben 
Zodiazepines, Baum C&EN, Jan. 18, 1993, page 33; and 
U.S. Pat. No. 5,288,514; isoprenoids, U.S. Pat. No. 5,569, 
588; thiazolidinones and metathiazanones, U.S. Pat. No. 
5,549,974; pyrrolidines, U.S. Pat. Nos. 5,525,735 and 5,519, 
134; morpholino compounds, U.S. Pat. No. 5,506,337; and 
the like). 
0393 Devices for the preparation of combinatorial librar 
ies are commercially available (e.g., 357 MPS, 390 MPS, 
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Advanced Chem Tech, Louisville Ky., Symphony, Rainin, 
Woburn, Mass.; 433A Applied Biosystems, Foster City, 
Calif.; 9050 Plus, Millipore, Bedford, Mass.). In addition, a 
large number of combinatorial libraries are commercially 
available (e.g., ComGenex, Princeton, N.J.; ASinex, Mos 
cow, Russia; Tripos, Inc., St. Louis, Mo.; ChemStar, Ltd., 
Moscow, Russia; 3D Pharmaceuticals, Exton, Pa.; Martek 
Biosciences, Columbia, Md., and the like). 
0394 Solid phase-based in vitro assays in a high through 
put format are encompassed in which the cell or tissue 
expressing an RAI-3 polypeptide or an RAI-3 peptide is 
attached to a Solid phase Substrate. In Such high throughput 
assays, it is possible to Screen up to Several thousand 
different modulators or ligands in a Single day. In particular, 
each well of a microtiter plate can be used to perform a 
Separate assay against a Selected potential modulator, or, if 
concentration or incubation time effects are to be observed, 
every 5-10 wells can test a single modulator. Thus, a Single 
Standard microtiter plate can assay about 96 modulators. If 
1536 well plates are used, then a single plate can easily assay 
from about 100 to about 1500 different compounds. It is 
possible to assay Several different plates per day; thus, for 
example, assay screens for up to about 6,000-20,000 differ 
ent compounds are possible using the described integrated 
Systems. 

0395 Also encompassed are screening and small mol 
ecule (e.g., drug) detection assays which involve the detec 
tion or identification of Small molecules that can bind to the 
RAI-3 polypeptide or peptide. Particularly preferred are 
assays Suitable for high throughput Screening methodolo 
gies. In Such binding-based detection, identification, or 
Screening assays, a functional assay is not typically required. 
All that is needed is a target protein, preferably Substantially 
purified, and a library or panel of compounds (e.g., ligands, 
drugs, Small molecules) or biological entities to be screened 
or assayed for binding to the protein target. Preferably, most 
Small molecules that bind to the target protein will modulate 
activity in Some manner, due to preferential, higher affinity 
binding to functional areas or Sites on the protein. 
0396 An example of such an assay is the fluorescence 
based thermal shift assay (3-Dimensional Pharmaceuticals, 
Inc., 3DP, Exton, Pa.) as described in U.S. Pat. Nos. 6,020, 
141 and 6,036,920 to Pantoliano et al.; See also, J. Zimmer 
man, 2000, Gen. Eng. News, 2008)). The assay allows the 
detection of Small molecules (e.g., drugs, ligands) that bind 
to expressed, and preferably purified, polypeptides Such as 
RAI-3, based on affinity of binding determinations by ana 
lyzing thermal unfolding curves of protein-drug or ligand 
complexes. The drugs or binding molecules determined by 
this technique can be further assayed, if desired, by methods, 
Such as those described herein, to determine if the molecules 
affect or modulate function or activity of the target protein. 
0397) To purify RAI-3 polypeptide or peptides for use in 
measuring or quantifying a biological binding or ligand 
binding activity, the Source may be a whole cell lysate that 
can be prepared by Successive freeze-thaw cycles (e.g., one 
to three) in the presence of Standard protease inhibitors. The 
RAI-3 polypeptide can be partially or completely purified by 
Standard protein purification methods, e.g., affinity chroma 
tography using specific antibody as described, or by ligands 
Specific for an epitope tag engineered into a recombinant 
RAI-3 polypeptide molecule. Binding activity can then be 
measured as described. 
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0398 Compounds which are identified according to the 
methods provided herein, and which modulate or regulate 
the biological activity or physiology of the RAI-3 polypep 
tide are embraced as a preferred embodiment of this inven 
tion. It is contemplated that Such modulatory compounds 
can be employed in treatment, prevention and therapeutic 
methods for treating or preventing COPD or COPD related 
disorders or conditions which are mediated by, associated 
with, regulated or modulated by RAI-3, by administering to 
an individual in need of Such treatment a therapeutically 
effective amount of the compound identified by the methods 
described herein. In addition, the present invention provides 
methods for treating an individual in need of Such treatment 
for COPD or a COPD related disease, disorder, or condition 
that is mediated by RAI-3, comprising administering to the 
individual a therapeutically effective amount of the RAI-3- 
modulating compound identified by a method provided 
herein. 

Methods and Compositions for the Treatment of 
COPD and COPD Related Disorders, as well as 

NF-KB-Mediated Diseases and Disorders, 
ASSociated With RAI-3 and/or Modulators. Thereof 

0399. The present invention also relates to methods and 
compositions for the treatment, amelioration, modulation 
and/or prevention of COPD and COPD related disorders that 
are mediated or regulated by RAI-3 expression or function, 
e.g., RAI-3 phosphorylation or activation, interaction with 
signal transduction molecules or cellular regulatory factor 
molecules or release, or by RAI-3 modulation, and the like. 
Further, RAI-3 effector functions can be modulated via Such 
methods and compositions. Moreover, as described herein, 
the present invention relates to the treatment, amelioration, 
modulation, and/or prevention of a variety of other diseases 
or disorders involving the modulation of NF-KB activity or 
function, or the activity or function of NF-kB associated 
molecules, through RAI-3 or RAI-3 modulation. 
0400 That RAI-3 expression, function, and/or modula 
tion have a direct involvement with COPD, the underlying 
symptoms of COPD, and COPD-related diseases, disorders, 
and/or conditions, is highly consistent with the finding that 
RAI-3 is overexpressed in the lung parenchyma (FIG. 15 
and Example 10), since COPD is believed to originate in this 
part of the lung tissue. The parenchyma constitutes the 
terminal respiratory units, i.e., the most distal portions, of 
the lung, which are composed of alveolar ducts with the 
accompanying interconnected alveoli, the parenchyma also 
can contain very Small caliber bronchi and bronchioles (Such 
as terminal and respiratory bronchioles). It is well docu 
mented that emphysema is defined as an abnormal perma 
nent enlargement of the air Spaces distal to the terminal 
bronchioli, with concomitant destruction of the alveolar 
walls. In View of its connection with lung disease (and 
COPD), RAI-3 expression is consequently highest in paren 
chymal regions of the lung, which are known to be damaged 
in emphysema. 
04.01 Moreover, it has been reported that increased air 
way resistance in COPD may also be due to disease of the 
Small bronchioles just proximal to the alveolar regions. (W. 
M. Thurlbeck, 1991, Pathology of Chronic Airflow Obstruc 
tion, Ist Ed., W. B. Saunders, Philadelphia, Pa.. pp3-20). The 
main histopathological changes in these Small airways 
involve inflammation, increased muscle mass and the abnor 
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mal appearance of goblet cells that produce increased 
amounts of mucin in the airway lumen, thereby resulting in 
airflow obstruction (M. G. Cosio et al., 1978, New Engl. J. 
Med., 298:1277-1281, D. Lamb, 1995, Chronic Obstructive 
Pulmonary Disease, 2" ed. Chapman and Hall, London, pp. 
9-34; and A. A. Glynn and L. Michaels, 1960, Thorax, 
15:142-153). Because mucus overproduction is a hallmark 
of chronic bronchitis, it further correlates with the role of 
RAI-3 in lung pathobiology and disease states that RAI-3 is 
expressed in those regions of the lung where pathological 
changes contribute to bronchitis, as well as to emphysema. 
0402. The methods in accordance with this aspect of the 
invention include those that modulate RAI-3 gene and gene 
product activity. In certain instances, the treatment will 
require an increase, enhancement, upregulation or activation 
of RAI-3 activity, while in other instances, the treatment will 
require a decrease, reduction, down-regulation or Suppres 
sion of RAI-3 activity. “Increase” and “decrease” refer to the 
differential levels of RAI-3 activity relative to RAI-3 activ 
ity in the cell type of interest in the absence of modulatory 
treatment. Methods for the decrease or increase of RAI-3 
activity are described below. Methods which can either 
increase or decrease RAI-3 activity depending on the par 
ticular manner in which the method is practiced are further 
described below. 

Methods Associated With a Decrease of RAI-3 
Activity 

0403) Treatment of COPD and/or COPD related condi 
tions and disorders can be achieved by methods which serve 
to decrease RAI-3 activity. Activity can be decreased 
directly, e.g., by decreasing the RAI-3 gene product, i.e., 
protein, activity and/or by decreasing the level of RAI-3 
gene expression. For example, compounds Such as those 
identified through the methods and assays described above 
that decrease RAI-3 protein activity can be used in accor 
dance with the invention to ameliorate, reduce or abolish 
symptoms associated with COPD or COPD related condi 
tions and disorders. Alternatively, compounds Such as those 
identified through the methods and assays described above 
that decrease RAI-3 protein activity can be used in accor 
dance with the invention to ameliorate, reduce or abolish 
symptoms associated with NFKB, IKBC, and/or E-selectin 
related conditions and disorders. AS discussed above, Such 
molecules can include, but are not limited to, peptides, 
including Soluble peptides, and Small organic or inorganic 
molecules, i.e., RAI-3 antagonists. Techniques for the deter 
mination of effective doses and administration of Such 
compounds are described herein. 

Antisense, siRNA, Ribozymes, and Triple Helix 
Formation 

04.04. In addition, antisense and ribozyme molecules that 
inhibit RAI-3 gene expression can also be used to reduce the 
level of RAI-3 gene expression, thus effectively reducing the 
level of RAI-3 protein present in a cell, thereby decreasing 
the level of RAI-3 protein activity, or modulation that occurs 
in the cell as a result of Smoke exposure. In addition, 
antisense molecules of RAI-3, and the like, can be used to 
modulate or affect the function of molecules which are 
regulated or mediated by, interact with, and/or are recipients 
of downstream effects of, RAI-3 in a cell. Still further, triple 
helix molecules can be utilized in reducing the level of 
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RAI-3 gene expression. Such molecules can be designed to 
reduce or inhibit either wild type, or if appropriate, mutant 
RAI-3 target gene activity. Techniques for the production 
and use of Such molecules are well known to those having 
skill in the art. 

04.05 AS is understood by the skilled practitioner, anti 
Sense approaches involve the design of oligonucleotides 
(either DNA or RNA) that are complementary to mRNA of 
the RAI-3 gene Sequence or a portion thereof. The antisense 
oligonucleotides will bind to the complementary RAI-3 gene 
mRNA transcripts and prevent translation. Absolute comple 
mentarity, although preferred, is not required. A sequence 
“complementary' to a portion of an RNA, as referred to 
herein, means a Sequence having Sufficient complementarity 
to be able to hybridize with the RNA, and form a stable 
duplex. In the case of double-Stranded antisense nucleic 
acids, a Single Strand of the duplex DNA may thus be tested, 
or triplex formation may be assayed. The ability to hybridize 
depends upon both the degree of complementarity and the 
length of the antisense nucleic acid. Generally, the longer the 
hybridizing nucleic acid, the more base mismatches with an 
RNA it may contain and still form a stable duplex (or triplex, 
as the case may be). One skilled in the art can ascertain a 
tolerable degree of mismatch by using of Standard proce 
dures and practice to determine the melting point of the 
hybridized complex. 

0406 Antisense oligonucleotides may be single or 
double Stranded. Double Stranded RNA's may be designed 
based upon the teachings of Paddison et al., Proc. Nat. Acad. 
Sci., 99: 1443-1448 (2002); and International Publication 
Nos. WO 01/29058, and WO 99/32619; which are hereby 
incorporated herein by reference. AntiSense oligos, particu 
larly siRNA reagents, may be used therapeutically by fol 
lowing the methods outlined Tiscornia et al (PNAS, 
100(4): 1844-1848 (2003); which is hereby incorporated by 
reference in its entirety). Other methods are known in the art 
and encompassed by the present invention. 

0407 Oligonucleotides that are complementary to the 5' 
end of the message, e.g., the 5' untranslated Sequence up to 
and including the AUG initiation codon, typically work most 
efficiently at inhibiting translation. However, Sequences 
complementary to the 3' untranslated Sequences of mRNAS 
have recently been shown to be effective at inhibiting 
translation of mRNAS as well. (See, generally, R. Wagner, 
1994, Nature, 372:333-335). Thus, oligonucleotides 
complementary to either the 5' or 3' untranslated (UTR), 
non-coding regions of the RAI-3 nucleic acid could be used 
in an antisense approach to inhibit translation of endogenous 
RAI-3 gene mRNA. 
0408 Oligonucleotides complementary to the 5' untrans 
lated region of the mRNA preferably include the comple 
ment of the AUG Start codon. AntiSense oligonucleotides 
complementary to mRNA coding regions are less efficient 
inhibitors of translation, but can be used in accordance with 
the invention. Whether designed to hybridize to the 5' UTR, 
3' UTR or coding region of a target or pathway gene mRNA, 
antisense nucleic acids are preferably at least Six nucleotides 
in length, and are preferably oligonucleotides ranging from 
6 to about 50 nucleotides in length. In Specific aspects, the 
oligonucleotide is at least 10 nucleotides, at least 17 nucle 
otides, at least 25 nucleotides, at least 26 nucleotides, or at 
least 50 nucleotides. 
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04.09 Regardless of the choice of target sequence, it is 
preferred that in vitro Studies are first performed to quantify 
the ability of the antisense oligonucleotide to inhibit gene 
expression. It is preferred that these Studies utilize controls 
that distinguish between antisense gene inhibition and non 
Specific biological effects of oligonucleotides. It is also 
preferred that these studies compare levels of the target RNA 
or protein with that of an internal control RNA or protein. In 
addition, results obtained using the antisense oligonucle 
otide are preferably compared with those obtained using a 
control oligonucleotide. It is also preferred that the control 
oligonucleotide is of approximately the same length as the 
antisense oligonucleotide and that the nucleotide Sequence 
of the control oligonucleotide differs from the antisense 
Sequence no more than is necessary to prevent specific 
hybridization to the target Sequence. 
0410 The oligonucleotides can be DNA, RNA, or chi 
meric mixtures, derivatives, or modified versions thereof, 
Single-Stranded or double-Stranded. The oligonucleotide can 
be modified at the base moiety, Sugar moiety, or phosphate 
backbone, for example, to improve Stability of the molecule, 
hybridization, etc. The oligonucleotide may also include 
other appended groupS Such as peptides (e.g., for targeting 
host cell receptors in vivo), or agents for facilitating trans 
port across the cell membrane (see, e.g., Letsinger et al., 
1989, Proc. Natl. Acad. Sci. USA., 86:6553-6556; Lemaitre 
et al., 1987, Proc. Natl. Acad. Sci. USA, 84:648-652; PCT 
Application No. WO 88/09810) or the blood-brain barrier 
(see, e.g., PCT Application No. WO 89/10134), or hybrid 
ization-triggered cleavage agents (see, e.g., Krol et al., 1988, 
Biotechniques, 6:958-976) or intercalating agents (see, e.g., 
Zon, 1988, Pharm. Res., 5:539-549). For example, the 
oligonucleotide can be conjugated to another molecule, e.g., 
a peptide, hybridization triggered cross-linking agent, trans 
port agent, hybridization-triggered cleavage agent, etc. 
0411 Such oligonucleotides can be synthesized by stan 
dard methods known in the art, for example, by use of an 
automated DNA synthesizer (Such as are commercially 
available from BioSearch, Applied BioSystems, etc.). AS 
nonlimiting examples, phosphorothioate oligonucleotides 
can be synthesized by the method of Stein et al. (1988, Nucl. 
Acids Res., 16:3209) and methylphosphonate oligonucle 
otides can be prepared by use of controlled pore glass 
polymer supports (Sarin et al., 1988, Proc. Natl. Acad. Sci. 
USA, 85:7448-7451), etc. 
0412. The antisense molecules are preferably delivered to 
cells expressing the RAI-3 gene in Vivo. A number of 
methods have been developed for delivering antisense DNA 
or RNA to cells, e.g., antisense molecules can be injected 
directly into the tissue Site, or modified antisense molecules 
that are designed to target the desired cells (e.g., antisense 
linked to peptides or antibodies that Specifically bind to 
receptors or antigens expressed on the target cell Surface) 
can be administered Systemically. Because it is often difficult 
to achieve intracellular concentrations of the antisense mol 
ecules that are Sufficient to SuppreSS translation of endog 
enous mRNAS, a particular approach utilizes a recombinant 
DNA construct in which the antisense oligonucleotide is 
placed under the control of a strong pol III or pol II 
promoter. The use of Such a construct to transfect target 
cells, ex vivo, in Vivo, or in vitro, will result in the tran 
scription of sufficient amounts of single stranded RNAS that 
will form complementary base pairs with the endogenous 










































































































































