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ABSTRACT 

In accordance With the present invention, there are provided 
isolated mammalian TRAIL receptor proteins, antibodies 
thereto, therapeutic compositions, and nucleic acids encod 
ing such. Bioassays and therapeutic methods employing 
invention DR5 and TRAIL-R3 proteins are also provided. 
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TRAIL RECEPTORS, NUCLEIC ACIDS ENCODING 
THE SAME, AND METHODS OF USE THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority from US. provi 
sional application serial No. 60/055,906, ?led Aug. 15, 
1997, noW abandoned. 

STATEMENT OF GOVERNMENT INTEREST 

[0002] This invention Was made With government support 
under grant number AG 13487 aWarded by the National 
Institutes of Health. The government has certain rights in the 
invention. 

BACKGROUND INFORMATION 

[0003] Apoptosis is a normal physiological process of cell 
death that plays a critical role in the regulation of tissue 
homeostasis by ensuring that the rate of neW cell accumu 
lation produced by cell division is offset by a commensurate 
rate of cell loss due to death. It has noW become clear that 
disturbances in apoptosis, also referred to as physiological 
cell death or programmed cell death, that prevent or delay 
normal cell turnover can be just as important to the patho 
genesis of diseases as are knoWn abnormalities in the 
regulation of proliferation and the cell cycle. Like cell 
division, Which is controlled through complex interactions 
betWeen cell cycle regulatory proteins, apoptosis is similarly 
regulated under normal circumstances by the interaction of 
gene products that either induce or inhibit cell death. 

[0004] The stimuli Which regulate the function of these 
apoptotic gene products include both extracellular and intra 
cellular signals. Either the presence or the removal of a 
particular stimuli can be suf?cient to evoke a positive or 
negative apoptotic signal. For example, physiological 
stimuli that prevent or inhibit apoptosis include, for 
example, groWth factors, extracellular matrix, CD40 ligand, 
viral gene products, neutral amino acids, Zinc, estrogen, and 
androgens. In contrast, stimuli Which promote apoptosis 
include groWth factors such as tumor necrosis factor (TNF), 
Fas, and transforming groWth factor [3 (TGFB), neurotrans 
mitters, groWth factor WithdraWal, loss of extracellular 
matrix attachment, intracellular calcium and glucocorti 
coids, for example. 

[0005] Some of the Well knoWn regulators of apoptosis are 
cytokines of the tumor necrosis factor (TNF) ligand family, 
such as Fas ligand (Fas L) and TNF, Which induce apoptosis 
by activation of their corresponding receptors, Fas and 
TNFR-l (Nagata, S. (1997) Cell 88, 355-36S). These tWo 
receptors belong to a rapidly expanding family (collectively 
knoWn as the TNF-receptor family) containing at least 
eleven knoWn members (Nagata, S. (1997) Cell 88, 355 
365; Chinnaiyan, A. M. et al. (1997) Extevxe 6, 111-113). 
Members of this family contain an extracellular ligand 
binding domain, of 2-6 cysteine-rich repeats, Which is about 
25% conserved betWeen different family members. The 
cytoplasmic region is less conserved betWeen various mem 
bers except for a stretch of about 80 amino acids present in 
Pas, TNFR-l, DR3/W sl-1/Apo-3/T RAMP, CAR-1 and DR4 
(Nagata, S. (1997) Cell 88, 355-365; and references therein). 
This intracellular region Which has been designated the 
cytoplasmic “death domain” is responsible for transducing 
the death signal. 
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[0006] Activation of Fas results in recruitment of the 
Fas-associated death domain-containing molecule FADD/ 
MORT-1, to the receptor complex (Boldin M. P. et al. (1995) 
J. Biol. Chem. 270, 7795-7798; Chinnaiyan A. M. et al. 
(1995) Cell 81, 505-512; Kischkel F. C. (1995) EMBOJ. 14, 
5579-5588). The resulting signaling complex then triggers 
activation of the caspase apoptotic pathWay through inter 
action of the N-terminal death effector domain (DED) of 
FADD With the corresponding motifs in the prodomain of 
caspase-8 (Mch5/MACH/FLICE) and probably caspase-10 
(Mch4) (Boldin M. P. et al. (1996) Cell 85, 803-815; BretZ 
J. D. et al. (1996) Cell 85, 817-827; Alnemri E. S. et al. 
(1996) Proc. Natl. Sci. USA. 93, 7464-7469; Alnemri E. S. 
et al. (1996) Cell 87,171. 

[0007] In contrast to Fas, activation of TNFR-l or DR3 
results in recruitment of another death domain-containing 
adaptor molecule knoWn as TRAD (Chinnaiyan A. M. et al. 
(1996) Science 274, 990-991; Goeddel D. V. et al. (1995) 
Cell 81: 495-504). TRADD, can associate With a number of 
signaling molecules, including FADD, TRAF 2, and RIP and 
as a result can transduce an apoptotic signal as Well as 

activate NF-KB (Goeddel D. V. et al. (1996) Cell 84, 
299-308; BaichWal V. et al. (1996) Immunity 4, 387-396). 
Consequently, engagement of TNFR-l or DR3 can signal an 
array of diverse biological activities. 

[0008] Recently, a neW member of the TNF family knoWn 
as TRAIL or Apo-2 ligand Was identi?ed and shoWn to 
induce apoptosis in a variety of tumor cell lines (Davis T. D. 
et al. (1995) Immunity 3 673-682: AshkenaZi A. et al. (1996) 
J. Biol. Chem. 271, 12687-12690; AshkenaZi A. et al. (1996) 
Curr. Biol. 6, 750-752). HoWever, it is unclear What physi 
ological control mechanisms regulate this form of pro 
grammed cell death or hoW the cell death pathWays interact 
With other physiological processes Within the organism. 

[0009] Apoptosis functions in maintaining tissue homeo 
stasis in a range of physiological processes such as embry 
onic development, immune cell regulation and normal cel 
lular turnover. Therefore, the dysfunction, or loss of 
regulated apoptosis can lead to a variety of pathological 
disease states. For example, the loss of apoptosis can lead to 
the pathological accumulation of self-reactive lymphocytes 
such as that occurring With many autoimmune diseases. 
Inappropriate loss of apoptosis can also lead to the accu 
mulation of virally infected cells and of hyperproliferative 
cells such an neoplastic or tumor cells. Similarly, the inap 
propriate activation of apoptosis can also contribute to a 
variety of pathological disease states including, for example, 
acquired immunode?ciency syndrome (AIDS), neurodegen 
erative diseases and ischemic injury. Treatments Which are 
speci?cally designed to modulate the apoptotic pathWays in 
these and other pathological conditions can change the 
natural progression of many of these diseases. 

[0010] Thus, there exists a need to identify neW apoptotic 
genes and their gene products and for methods of modulat 
ing this process for the therapeutic treatment of human 
diseases. The present invention satis?es this need and pro 
vides related advantages as Well. 

SUMMARY OF THE INVENTION 

[0011] In accordance With the present invention, there are 
provided novel isolated mammalian members of the TRAIL 
receptor family, designated DR5, TRAIL-R3, and splice 
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variants thereof including DR5s. These invention proteins, 
or fragments thereof, are useful as immunogens for produc 
ing anti-DR5 or anti-TRAIL-R3 antibodies, or in therapeutic 
compositions containing such proteins and/or antibodies. 
The DR5 and TRAIL-R3 proteins are also useful in bioas 
says to identify agonists and antagonists thereto. 

[0012] In accordance With the present invention, there are 
also provided isolated nucleic acids encoding novel DR5 or 
TRAIL-R3 proteins. Further provided are vectors containing 
invention nucleic acids, probes that hybridiZe thereto, host 
cells transformed thereWith, antisense oligonucleotides 
thereto and related compositions. The nucleic acid mol 
ecules described herein can be incorporated into a variety of 
recombinant expression systems knoWn to those of skill in 
the art to readily produce isolated recombinant DR5 or 
TRAIL-R3 proteins. In addition, the nucleic acid molecules 
of the present invention are useful as probes for assaying for 
the presence and/or amount of a DR5 or TRAIL-R3 gene or 
mRNA transcript in a given sample. The nucleic acid 
molecules described herein, and oligonucleotide fragments 
thereof, are also useful as primers and/or templates in a PCR 
reaction for amplifying nucleic acids encoding DR5 or 
TRAIL-R3 proteins. Also provided are transgenic non 
human mammals that express the invention proteins. 

[0013] Antibodies that are immunoreactive With invention 
DR5 or TRAIL-R3 proteins are also provided. These anti 
bodies are useful in diagnostic assays to determine levels of 
DR5 or TRAIL-R3 proteins present in a given sample, e.g., 
tissue samples, Western blots, and the like. The antibodies 
can also be used to purify DR5 or TRAIL-R3 proteins from 
crude cell extracts and the like. Moreover, these antibodies 
are considered therapeutically useful to modulate the bio 
logical effect of DR5 or TRAIL-R3 proteins in vivo. 

[0014] Methods and diagnostic systems for determining 
the levels of DR5 or TRAIL-R3 proteins in various tissue 
samples are also provided. These diagnostic methods can be 
used for monitoring the level of therapeutically administered 
DR5 or TRAIL-R3 proteins or fragments thereof to facilitate 
the maintenance of therapeutically effective amounts. These 
diagnostic methods can also be used to diagnose physiologi 
cal disorders that result from abnormal levels or abnormal 
structures of the DR5 or TRAIL-R3 proteins. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIGS. 1A-1D illustrate sequence analysis and tis 
sue distribution of DR5 and TRAIL-R3. Predicted amino 
acid sequence of human DR5 (A) and TRAIL-R3 The 
mature DRS and TRAIL-R3 are predicted to start at Glu+1 
and Tyr+1 (indicated by black diamonds), respectively. The 
putative signal peptide and transmembrane domains are 
single- and double-underlined, respectively. The ?ve iden 
tical repeats in the extracellular domain of TRAIL-R3 (B) 
are marked by black triangles. The intracellular cytoplasmic 
death domain of DR5 (A) is boxed. C, Colinear alignment of 
the death domains of members of the TNF receptor family. 
Identical residues in at least three out of six sequences are 
shaded. The death domain of DR5 is 64, 30, 30, 20, 31% 
identical to the corresponding domains in DR4, DR3, 
TNFR-1, Fas and CAR1 respectively. 

[0016] FIGS. 2A and 2B illustrate that the extracellular 
domains of DR5 and TRAIL-R3 bind TRAIL and can block 
TRAIL-induced apoptosis as set forth in Example III herein. 
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[0017] FIGS. 3A-3F illustrate that expression of DR5 but 
neither TRAIL-R3 nor DR5s induces apoptosis in human 
cells as set forth in Example IV herein. 

[0018] FIGS. 4A and 4B illustrate the in vivo interactions 
of DR5 as set forth in Example V herein. 

[0019] FIG. 5 illustrates the nucleotide and predicted 
amino acid sequence of the splice variant DR5s. 

[0020] FIG. 6 illustrates a colinear alignment of DR5s and 
DR5. The dotted lines indicate sequences that are spliced in 
DR5 or DR5s. 

DETAILED DESCRIPTION OF INVENTION 

[0021] In accordance With the present invention, there are 
provided novel mammalian members of the TRAIL receptor 
protein family referred to herein as “DR5” and “TRAIL 
R3”, and active fragments thereof. DR5 is also referred to 
herein as “TRAIL-R2”. As used herein, the phrases “DR5” 
and “TRAIL-R3” refer to isolated and/or substantially pure 
mammalian proteins, preferably human, that are able to bind 
to the cytotoxic ligand “TRAIL” (Wiley et al., 1995, Immu 
nity, 3:673; and Marsters et al., 1996, Curr: Biol., 6:750), 
also knoWn as Apo-2L. Invention DR5 and TRAIL-R3 
proteins are further characteriZed by having the ability to 
mediate apoptosis. In their native environment, invention 
DR5 and TRAIL-R3 proteins are cell-surface receptor pro 
teins. 

[0022] Invention DR5 and TRAIL-R3 proteins include 
naturally occurring variants thereof encoded by mRNA 
generated by alternative splicing of a primary transcript 
(e.g., splice variant DR5s), and further including active 
fragments thereof Which retain at least one native biological 
activity, such as, for example, the immunogenic ability to 
generate anti-DR5 or anti-TRAIL-R3 antibodies, the ability 
to bind TRAIL ligand, the ability to modulate apoptosis, and 
the like. In isolated form, invention isolated DR5 and 
TRAIL-R3 proteins are free of cellular components and/or 
contaminants normally associated With a native in vivo 
environment. As used herein, the term “polypeptide” refers 
to full length DR5 and TRAIL-R3 proteins or fragments 
thereof. 

[0023] It has been found that DR5 but not TRAIL-R3, 
contains a cytoplasmic “death domain” necessary for induc 
tion of apoptosis, and engages the apoptotic pathWay inde 
pendent of the adaptor molecule FADD/Mort1. TRAIL-R3 
on the other hand, can bind TRAIL but does not induce 
apoptosis, and thus is contemplated to function as an antago 
nistic receptor. Similarly, DR5s contains a truncated death 
domain of DR5 and thus also functions as an antagonistic 
decoy receptor. 

[0024] The invention DR5 proteins are further character 
iZed by being expressed in at least the folloWing cells: heart, 
brain, placenta, lung, liver, skeletal muscle, kidney and 
pancreas (see Figure ID and Example II). Other normal 
tissues such as testes, ovary, colon, small intestine and 
lymphoid tissues shoW detectable but loW expression of 
DR5 transcript. In addition, DR5 mRNA transcript Was 
detected in the folloWing tumor cell lines: HL-60, promy 
elocytic leukemia; HeLa cell S3, K-562, chronic myelog 
enous leukemia; MOLT-4, lymphoblastic leukemia; Raji, 
Burkitt’s lymphoma; SW480, colorectal adenocarcinoma; 
A549, lung carcinoma; G361, melanoma (FIG. 1D). Sur 
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prisingly, it Was found that the amount of DR5 transcript is 
at least 100-fold higher in most tumor cell lines than in 
normal tissues. Thus, a correlation is contemplated betWeen 
the high sensitivity of tumor cells to TRAIL and the elevated 
levels of DR5 in these cells. 

[0025] In addition, transient expression of DR5 triggers 
cytoplasmic death domain-dependent apoptosis (see FIGS. 
3A and B). Similar to other TNF-receptor family members, 
DR5-induced apoptosis is ef?ciently blocked by the caspase 
inhibitors Z-VAD-fmk and CrmA (FIG. 3D) and by the 
dominant negative inhibitors FLAME-1, caspase-8-DN and 
caspase-10-DN (FIG. 3E). Thus, it is contemplated herein 
that the upstream caspases-8 and -10 are involved in both the 
invention DR5 death signaling pathWays. Moreover, unlike 
Fas, DR5 does not interact With the death-domain containing 
adaptor proteins FADD, CRADD, RIP or TRADD. Surpris 
ingly, hoWever, full length DR5, but not death domain 
deleted mutants, are capable of forming complexes With 
caspase-8, caspase-10 and FLAME-1. Because these pro 
teins do not interact directly, it is likely that the formation of 
these DR5-related complexes requires an adaptor molecule 
distinct from FADD. 

[0026] In a particular embodiment of the present inven 
tion, an invention DR5 is a protein of 411 amino acids (SEQ 

ID NO:2) With an overall ~59% identity to DR4 (FIG. DR5’s domain structure is highly related to DR4 and the 

other members of the TNF-receptor family. An invention 
DR5 contains a putative N-terminal signal peptide (amino 
acids —51 to —1 of FIG. 1A) folloWed by an extracellular 
domain containing tWo cysteine-rich pseudorepeats. FolloW 
ing the extracellular domain is a transmembrane domain 
(amino acids 132-152 of FIG. 1A) and a cytoplasmic 
domain. Within the cytoplasmic domain there is a stretch of 
67-amino acids (amino acids 273-339 of FIG. 1A) com 
prising a death domain homology region (FIG. 1C). The 
death domain of DR5 is 64, 30, 30, 20, 31% identical to the 
corresponding domains in DR4, DR3, TNFR-1, Fas and 
CAR1, respectively. Based on these criteria and its apoptotic 
activity (see Example IV beloW) the novel TRAIL-R2 
protein is also designated death receptor-5 (DR5). 

[0027] In an additional embodiment of the present inven 
tion splice variants are provided. Upon inspection of 
genomic clones of a TRAIL receptor, those skilled in the art 
are able to identify a variety of potential splice junctions. 
One such alternative splicing event yields DR5s Which is an 
alternatively spliced isoform of DR5. DR5s is a protein of 
350 amino acids (SEQ ID NO:6) Which is encoded by a 
cDNA of 1053 nucleotides (SEQ ID N05). The mature 
DR5s protein contains a cytoplasmic region With a truncated 
death domain (FIGS. 5 and 6) that provides a protein having 
functionality opposite to that of DR5. To this end, DR5s 
substantially inhibits apoptosis by TRAIL, but not by TNF-ot 
(FIG. 3F). Without Wishing to be bound by theory, DR5s 
apparently acts as an inhibitory TRAIL-decoy receptor and 
thus may be able to protect cells against TRAIL-induced 
apoptosis. 

[0028] The invention TRAIL-R3 proteins may be charac 
teriZed as being expressed in at least the folloWing cells: 
heart, brain, placenta, liver, skeletal muscle, kidney and 
pancreas (see FIG. 1D and Example II). In addition, 
TRAIL-R3 mRNA transcript Was detected in the folloWing 
tumor cell lines: HeLa cell S3, K-5 62, chronic myelogenous 
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leukemia; MOLT-4, lymphoblastic leukemia; Raji, Burkitt’s 
lymphoma; SW480, colorectal adenocarcinoma; A549, lung 
carcinoma; G361, melanoma (FIG. 1D). Surprisingly, rela 
tive to DR5 mRNA, a signi?cantly elevated expression of 
TRAIL-R3 mRNA Was observed in normal cells compared 
to tumor cells. 

[0029] In addition, it has been found that transient expres 
sion of TRAIL-R3, Which does not naturally contain a death 
domain, Was incapable of inducing apoptosis (FIGS. 3A 
and B). Surprisingly, transient expression of TRAIL-R3 in 
MCF7 cells signi?cantly blocked TRAIL-induced apoptosis 
(FIG. 3C), suggesting that TRAIL-R3 functions as an 
antagonistic decoy receptor. 

[0030] Thus, since TRAIL-R3 does not contain a cyto 
plasmic death domain, and is capable of attenuating the 
cytotoxicity of TRAIL, TRAIL-R3 is contemplated as func 
tioning physiologically as an antagonist to DR4 and DR5. 

[0031] In a particular embodiment of the present inven 
tion, an invention TRAIL-R3 (SEQ ID NO:4) is a protein of 
299 amino acids With an overall 40 and 36% identity to DR4 
and DR5, respectively (FIG. 1B). This protein contains a 
putative N-terminal signal peptide (amino acids —63 to —1 of 
FIG. 1B) folloWed by an extracellular domain containing 
tWo cysteine-rich pseudorepeats and ?ve nearly identical 
PAAEETMN TSPGTPA repeats (amino acids 139-153, 
154-168, 169-183, 184-198, and 199-213 of FIG. 1B, Which 
corresponds to amino acids 202-216, 217-231, 232-246, 
247-261, and 262-276 of SEQ ID NO:4). FolloWing the 
extracellular domain is a C-terminal transmembrane domain 
(amino acids 217-236 of FIG. 1B). Unlike DR4 and DR5, 
this TRAIL-receptor does not contain a cytoplasmic domain. 
Based on these criteria and its ability to bind TRAIL (see 
Example III beloW), this protein is designated TRAIL-R3. 

[0032] As used herein, the term “apoptosis” refers to the 
Well-knoWn process of programmed cell death. There is a 
variety of Well-knoWn, generally accepted in-vitro indicia of 
apoptosis, including nuclear morphological changes, inte 
mucleosomal fragmentation of DNA, the selective proteoly 
sis of substrates, and the activation of CPP32-like caspases. 
For example, the substrates of the caspase family of cysteine 
proteases have received considerable attention because 
cleavage of these substrates offers molecular mechanisms 
for many of the hallmark morphological and functional 
changes exhibited by apoptotic cells (Casiano et al., J. Exp. 
Med. 184:765-770, (1996). 
[0033] Use of the terms “isolated” and/or “puri?ed” in the 
present speci?cation and claims as a modi?er of DNA, 
RNA, polypeptides or proteins means that the DNA, RNA, 
polypeptides or proteins so designated have been produced 
in such form by the hand of man, and thus are separated from 
their native in vivo cellular environment. As a result of this 
human intervention, the recombinant DNAs, RNAs, 
polypeptides and proteins of the invention are useful in Ways 
described herein that the DNAs, RNAs, polypeptides or 
proteins as they naturally occur are not. 

[0034] As used herein, “mammalian” refers to the variety 
of species from Which invention DR5 or TRAIL-R3 proteins 
are derived, e.g. human, rat, mouse, rabbit, monkey, baboon, 
bovine, porcine, ovine, canine, feline, and the like. 

[0035] Presently preferred DR5 and TRAIL-R3 proteins 
of the invention include amino acid sequences that are 
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substantially the same as the protein sequence set forth in 
SEQ ID N012 and SEQ ID N014, respectively, as Well as 
biologically active, modi?ed forms thereof. Those of skill in 
the art Will recognize that numerous residues of the above 
described sequences can be substituted With other, chemi 
cally, sterically and/or electronically similar residues With 
out substantially altering the biological activity of the 
resulting protein species. In addition, larger or smaller 
polypeptide sequences containing substantially the same 
sequence as SEQ ID N012 or SEQ ID N014 therein (e.g., 
splice variants including but not limited to SEQ ID N016, 
active fragments of AT, and the like) are contemplated. 

[0036] As employed herein, the term “substantially the 
same amino acid sequence” refers to amino acid sequences 
having at least about 70% identity With respect to the 
reference amino acid sequence, and retaining comparable 
functional and biological activity characteristic of the pro 
tein de?ned by the reference amino acid sequence. Prefer 
ably, proteins having “substantially the same amino acid 
sequence” Will have at least about 80%, more preferably 
90% amino acid identity With respect to the reference amino 
acid sequence; With greater than about 95%, about 97%, 
about 99%, up to 100% amino acid sequence identity being 
especially preferred. Such amino acid sequence identity 
measurements may be determined by standard methodolo 
gies, including use of the National Center for Biotechnology 
Information BLAST search methodology available at 
WWW.ncbi.nlm.nih.gov. The identity methodologies most 
preferred are those described in US. Pat. No. 5,691,179 and 
Altschul et al., Nucleic Acids Res. 2513389-3402, 1997, both 
of Which are incorporated herein by reference. It is recog 
niZed, hoWever, that DRS and TRAIL-R3 proteins arising as 
splice variants (or DRS and TRAIL-R3 nucleic acids 
referred to herein) containing less than the described levels 
of sequence identity or that are modi?ed by conservative 
amino acid substitutions, or by substitution of degenerate 
codons, are also encompassed Within the scope of the 
present invention. Apreferred DRS protein disclosed herein, 
is human DRS set forth as SEQ ID N012. A preferred 
TRAIL-R3 protein disclosed herein, is human TRAIL-R3 
set forth as SEQ ID N014. A preferred DRS splice variant 
protein disclosed herein, is human DRSs, set forth as SEQ 
ID N016. 

[0037] The term “biologically active” or “functional”, 
When used herein as a modi?er of invention DRS and 
TRAIL-R3 proteins, or polypeptide fragment thereof, refers 
to a polypeptide that exhibits at least one of the functional 
characteristics attributed to TRAIL receptors. For example, 
one biological activity of invention DRS and TRAIL-R3 
proteins is the ability to bind to the TRAIL ligand. Other 
biological activities of invention DRS and TRAIL-R3 pro 
teins include the ability to modulate apoptosis (i.e., increas 
ing or decreasing the level of apoptosis), the ability to bind 
intracellular adaptor proteins, and the like. 

[0038] Yet another biological activity of invention DRS or 
TRAIL-R3 proteins is the ability to act as an immunogen for 
the production of polyclonal and monoclonal antibodies that 
bind speci?cally to DRS or TRAIL-R3. Thus, an invention 
nucleic acid encoding DRS or TRAIL-R3 Will encode a 
polypeptide speci?cally recogniZed by an antibody that also 
speci?cally recogniZes the DRS or TRAIL-R3 proteins 
(preferably human) including the sequences set forth in SEQ 
ID N012, SEQ ID N014, and SEQ ID N016. Such activity 
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may be assayed by any method knoWn to those of skill in the 
art. For example, a test polypeptide encoded by a DRS or 
TRAIL-R3 cDNA can be used to produce antibodies, Which 
may then be assayed for their ability to bind to the protein 
including the sequence set forth in SEQ ID N012, SEQ ID 
N014, or SEQ ID N016. If the antibody binds to the 
test-polypeptide and the protein including the sequence set 
forth in SEQ ID N012, SEQ ID N014, or SEQ ID N016 With 
substantially the same af?nity, then the polypeptide pos 
sesses the required biological activity. 

[0039] The invention DRS or TRAIL-R3 proteins can be 
isolated by a variety of methods Well-knoWn in the art, eg 
the recombinant expression systems described herein, pre 
cipitation, gel ?ltration, ion-exchange, reverse-phase and 
af?nity chromatography, and the like. Other Well-knoWn 
methods are described in Deutscher et al., Guide to Protein 
Puri?cation: Methods in Enzymology Vol. 182, (Academic 
Press, (1990)), Which is incorporated herein by reference. 
Alternatively, the isolated polypeptides of the present inven 
tion can be obtained using Well-knoWn recombinant meth 
ods as described, for example, in Sambrook et al., (supra., 
1989). 
[0040] An example of the means for preparing the inven 
tion polypeptide(s) is to express nucleic acids encoding the 
DRS or TRAIL-R3 in a suitable host cell, such as a bacterial 
cell, a yeast cell, an amphibian cell (i.e., oocyte), or a 
mammalian cell, using methods Well knoWn in the art, and 
recovering the expressed polypeptide, again using Well 
knoWn methods. Invention DRS or TRAIL-R3 proteins may 
be isolated directly from cells that have been transformed 
With expression vectors as described herein. The invention 
polypeptide, biologically active fragments, and functional 
equivalents thereof can also be produced by chemical syn 
thesis. For example, synthetic polypeptides can be produced 
using Applied Biosystems, Inc. Model 430A or 431A auto 
matic peptide synthesiZer (Foster City, Calif.) employing the 
chemistry provided by the manufacturer. 

[0041] Also encompassed by the term DRS or TRAIL-R3 
are active fragments or polypeptide analogs thereof. The 
term “active fragment” refers to a peptide fragment that is a 
portion of a full length DRS or TRAIL-R3 protein, provided 
that the portion has a biological activity, as de?ned above, 
that is characteristic of at least one function of the corre 
sponding full length protein. For example, an active frag 
ment of an DRS or TRAIL-R3 protein, such as an extracel 
lular domain can have an activity such as the ability, for 
example, to bind TRAIL ligand or to modulate the level of 
apoptosis after binding to TRAIL. The characteristic of an 
active fragment of invention DRS or TRAIL-R3 proteins to 
elicit an immune response is useful for obtaining an anti 
TRAIL receptor antibody. Thus, the invention also provides 
active fragments of invention DRS and TRAIL-R3 proteins, 
Which can be identi?ed using the binding and bioassays 
described herein. 

[0042] The term “polypeptide analog” includes any 
polypeptide having an amino acid residue sequence substan 
tially identical to a sequence speci?cally shoWn herein in 
Which one or more residues have been conservatively sub 
stituted With a functionally similar residue and Which dis 
plays the ability to mimic DRS or TRAIL-R3 as described 
herein. Examples of conservative substitutions include the 
substitution of one non-polar (hydrophobic) residue such as 
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isoleucine, valine, leucine or methionine for another, the 
substitution of one polar (hydrophilic) residue for another 
such as betWeen arginine and lysine, betWeen glutamine and 
asparagine, betWeen glycine and serine, the substitution of 
one basic residue such as lysine, arginine or histidine for 
another, or the substitution of one acidic residue, such as 
aspartic acid or glutamic acid for another. 

[0043] The amino acid length of active fragments or 
polypeptide analogs of the present can range from about 5 
amino acids up to the full-length protein sequence of DRS or 
TRAIL-R3. In certain embodiments, the amino acid lengths 
include, for eXample, at least about 10 amino acids, at least 
about 20, at least about 30, at least about 40; at least about 
50, at least about 75, at least about 100, at least about 150, 
at least about 200, at least about 250 or more amino acids in 
length up to the full-length DRS or TRAIL-R3 protein 
sequence. 

[0044] As used herein the phrase “conservative substitu 
tion” also includes the use of a chemically derivatiZed 
residue in place of a non-derivatiZed residue, provided that 
such polypeptide displays the required binding activity. The 
phrase “chemical derivative” refers to a subject polypeptide 
having one or more residues chemically derivatiZed by 
reaction of a functional side group. Such derivatiZed mol 
ecules include, for eXample, those molecules in Which free 
amino groups have been derivatiZed to form amine hydro 
chlorides, p-toluene sulfonyl groups, carbobenZoXy groups, 
t-butyloXycarbonyl groups, chloroacetyl groups or formyl 
groups. Free carboXyl groups may be derivatiZed to form 
salts, methyl and ethyl esters or other types of esters or 
hydraZides. Free hydroXyl groups may be derivatiZed to 
form O-acyl or O-alkyl derivatives. The imidaZole nitrogen 
of histidine may be derivatiZed to form N-im-benZylhisti 
dine. Also included as chemical derivatives are those pep 
tides Which contain one or more naturally occurring amino 
acid derivatives of the tWenty standard amino acids. For 
examples: 4-hydroXyproline may be substituted for proline; 
S-hydroXylysine may be substituted for lysine; 3-methylhis 
tidine may be substituted for histidine; homoserine may be 
substituted for serine; and omithine may be substituted for 
lysine. Polypeptides of the present invention also include 
any polypeptide having one or more additions and/or dele 
tions of residues, relative to the sequence of a polypeptide 
Whose sequence is shoWn herein, so long as the required 
activity is maintained. 

[0045] The present invention also provides compositions 
containing an acceptable carrier and any of an isolated, 
puri?ed DRS or TRAIL-R3 polypeptide, an active fragment 
or polypeptide analog thereof, or a puri?ed, mature protein 
and active fragments thereof, alone or in combination With 
each other. These polypeptides or proteins can be recombi 
nantly derived, chemically synthesiZed or puri?ed from 
native sources. As used herein, the term “acceptable carrier” 
encompasses any of the standard pharmaceutical carriers, 
such as phosphate buffered saline solution, Water and emul 
sions such as an oil/Water or Water/oil emulsion, and various 
types of Wetting agents. 

[0046] In accordance With another embodiment of the 
present invention, there are provided isolated nucleic acids, 
Which encode invention DRS or TRAIL-R3 proteins, and 
fragments thereof. The nucleic acid molecules described 
herein are useful for producing invention proteins, When 
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such nucleic acids are incorporated into a variety of protein 
expression systems knoWn to those of skill in the art. In 
addition, such nucleic acid molecules or fragments thereof 
can be labeled With a readily detectable substituent for use 
as hybridiZation probes to assay for the presence and/or 
amount of an DRS or TRAIL-R3 gene or mRNA transcript 
in a given sample. The nucleic acid molecules described 
herein, and fragments thereof, are also useful as primers 
and/or templates in a PCR reaction for amplifying genes 
encoding the invention protein described herein. 

[0047] The term “nucleic acid” (also referred to as poly 
nucleotides) encompasses ribonucleic acid (RNA) or deoX 
yribonucleic acid (DNA), probes, oligonucleotides, and 
primers. DNA can be either complementary DNA (cDNA) 
or genomic DNA, eg a gene encoding an DRS or TRAIL 
R3 protein. One means of isolating a nucleic acid encoding 
a DRS or TRAIL-R3 polypeptide is to probe a mammalian 
genomic or cDNA library With a natural or arti?cially 
designed DNA probe using methods Well knoWn in the art. 
DNA probes derived from nucleic acid encoding DRS or 
TRAIL-R3 proteins are particularly useful for this purpose. 
DNA and cDNA molecules that encode DRS or TRAIL-R3 
proteins can be used to obtain complementary genomic 
DNA, cDNAor RNA from mammalian (e.g., human, mouse, 
rat, rabbit, pig, and the like), or other animal sources, or to 
isolate related cDNA or genomic clones by the screening of 
cDNA or genomic libraries, by methods described in more 
detail beloW. Such nucleic acids may include, but are not 
limited to, nucleic acids having substantially the same 
nucleotide sequence as set forth in SEQ ID NO:1 or SEQ ID 
NO:3, or splice variant cDNA sequences thereof. 

[0048] Also encompassed by the terms DRS or TRAIL-R3 
may be “splice variant” or “alternatively spliced” proteins 
thereof. These terms are used herein to describe a particular 
nucleotide sequence encoding an invention receptor and 
refers to a cDNA sequence or protein encoded thereby that 
results from the Well knoWn eukaryotic RNA splicing pro 
cess. The RNA splicing process may involve the removal of 
introns and the joining of eXons from eukaryotic primary 
RNA transcripts to create mature RNA molecules of the 
cytoplasm. Methods of isolating splice variant nucleotide 
sequences are Well knoWn in the art. For eXample, one 
skilled in the art can employ nucleotide probes derived from 
the DRS or TRAIL-R3 encoding cDNA of SEQ ID NO: 1 or 
SEQ ID NO:3 to screen a cDNA or genomic library as 
described herein. A preferred splice variant is the alterna 
tively spliced isoform of DRS, or DRSshort (DRSs). The 
cDNA encoding this splice variant is set forth in SEQ ID 
NO:5. 

[0049] Alternative splicing may play an important role in 
regulation of apoptosis. For eXample, alternative splicing of 
the BCl-X, Ced-4, and Ich-l pre-mRNA produces products 
that play opposite roles in apoptosis. In this regard, as 
described herein, DRSs may be similar in that this isoform 
may be capable of inhibiting apoptosis While the larger form 
(DRS) may promote apoptosis (see FIG. SF). 
[0050] In one embodiment of the present invention, 
cDNAs encoding the invention DRS and TRAIL-R3 pro 
teins disclosed herein include substantially the same nucle 
otide sequence as set forth in SEQ ID NO: 1, SEQ ID NO:3, 
and SEQ ID NO:5. 

[0051] As employed herein, the term “substantially the 
same nucleotide sequence” refers to DNA having suf?cient 



US 2002/0161195 A1 

identity to the reference polynucleotide, such that it hybrid 
izes to the reference nucleotide under moderately stringent 
hybridization conditions. In one embodiment, DNA having 
substantially the same nucleotide sequence as the reference 
nucleotide sequence encodes substantially the same amino 
acid sequence as that set forth in SEQ ID N012, SEQ ID 
N014, or SEQ ID N016 or a larger amino acid sequence 
including SEQ ID N012, SEQ ID N014, or SEQ ID N016. 
In another embodiment, DNA having “substantially the 
same nucleotide sequence” as the reference nucleotide 
sequence has at least 60% identity With respect to the 
reference nucleotide sequence. DNA having at least 70%, at 
least 80%, more preferably at least 90%, yet more preferably 
at least 95%, With up to at least 97%, and at least 99% 
identity to the reference nucleotide sequence is preferred. 

[0052] The present invention also encompasses nucleic 
acids that differ from the nucleic acids shoWn in SEQ ID 
N011, SEQ ID N013, or SEQ ID N015, but Which have the 
same phenotype. Phenotypically similar nucleic acids are 
also referred to as “functionally equivalent nucleic acids”. 
As used herein, the phrase “functionally equivalent nucleic 
acids” encompasses nucleic acids characterized by slight 
and non-consequential sequence variations that function in 
substantially the same manner to produce the same protein 
product(s) as the nucleic acids disclosed herein. In particu 
lar, functionally equivalent nucleic acids may encode 
polypeptides that are the same as those disclosed herein or 
that have conservative amino acid variations, or that encode 
larger polypeptides that include SEQ ID N012, SEQ ID 
N014, or SEQ ID N016. For example, conservative varia 
tions include substitution of a non-polar residue With another 
non-polar residue, or substitution of a charged residue With 
a similarly charged residue. These variations include those 
recognized by skilled artisans as those that do not substan 
tially alter the tertiary structure of the protein. 

[0053] Further provided are nucleic acids encoding DR5 
and TRAIL-R3 proteins that, by virtue of the degeneracy of 
the genetic code, do not necessarily hybridize to the inven 
tion nucleic acids under speci?ed hybridization conditions. 
Preferred nucleic acids encoding the invention DR5 or 
TRAIL-R3 polypeptide are comprised of nucleotides that 
encode substantially the same amino acid sequence set forth 
in SEQ ID N012, SEQ ID N014, or splice variants thereof, 
respectively. 
[0054] Thus, an exemplary nucleic acid encoding an 
invention DR5 or TRAIL-R3 protein may be selected from: 

[0055] (a) DNA encoding the amino acid sequence 
set forth in SEQ ID N012 or SEQ ID N014; 

[0056] (b) DNA that hybridizes to the DNA of (a) 
under moderately stringent conditions, Wherein said 
DNA encodes biologically active DR5 or TRAIL 
R3; or 

[0057] (c) DNA degenerate With respect to either (a) 
or (b) above, Wherein said DNAencodes biologically 
active DR5 or TRAIL-R3. 

[0058] Hybridization refers to the binding of complemen 
tary strands of nucleic acid (i.e., sense1antisense strands or 
probe1target-DNA) to each other through hydrogen bonds, 
similar to the bonds that naturally occur in chromosomal 
DNA. Stringency levels used to hybridize a given probe With 
target-DNA can be readily varied by those of skill in the art. 
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[0059] The phrase “stringent hybridization” is used herein 
to refer to conditions under Which polynucleic acid hybrids 
are stable. As knoWn to those skilled in the art, the stability 
of hybrids is re?ected in the melting temperature (Tm) of the 
hybrids. In general, the stability of a hybrid is a function of 
sodium ion concentration and temperature. Typically, the 
hybridization reaction is performed under conditions of 
loWer stringency, folloWed by Washes of varying, but higher, 
stringency. Reference to hybridization stringency relates to 
such Washing conditions. 

[0060] As used herein, the phrase “moderately stringent 
hybridization” refers to conditions that permit target-DNA to 
bind a complementary nucleic acid that has about 60% 
identity, preferably about 75% identity, more preferably 
about 85% identity to the target DNA; With greater than 
about 90% identity to target-DNA being especially pre 
ferred. Preferably, moderately stringent conditions are con 
ditions equivalent to hybridization in 50% formamide, 5>< 
Denhart’s solution, 5>< SSPE, 0.2% SDS at 42° 0, followed 
by Washing in 0.5>< SSPE, 0.2% SDS, at 42° C. 

[0061] The phrase “high stringency hybridization” refers 
to conditions that permit hybridization of only those nucleic 
acid sequences that form stable hybrids in 0.018M NaCl at 
65° C. (i.e., if a hybrid is not stable in 0.018M NaCl at 65° 
C., it Will not be stable under high stringency conditions, as 
contemplated herein). High stringency conditions can be 
provided, for example, by hybridization in 50% formamide, 
5>< Denhart’s solution, 5>< SSPE, 0.2% SDS at 42° 0, 
followed by Washing in 0.1>< SSPE, and 0.1% SDS at 65° C. 

[0062] The phrase “loW stringency hybridization” refers to 
conditions equivalent to hybridization in 10% formamide, 
5>< Denhart’s solution, 6>< SSPE, 0.2% SDS at 37° 0, 
followed by Washing in 1x SSPE, 0.2% SDS, at 50° C. 
Denhart’s solution and SSPE (see, e.g., Sambrook et al., 
Molecular Cloning. A Laboratory Manual, Cold Spring 
Harbor Laboratory Press, 1989) are Well knoWn to those of 
skill in the art as are other suitable hybridization buffers. 

[0063] As used herein, the term “degenerate” refers to 
codons that differ in at least one nucleotide from a reference 
nucleic acid, e.g., SEQ ID N011, SEQ ID N013, or SEQ ID 
N015, but encode the same amino acids as the reference 
nucleic acid. For example, codons speci?ed by the triplets 
“UCU”, “UCC”, “UCA”, and “UCG” are degenerate With 
respect to each other since all four of these codons encode 
the amino acid serine. 

[0064] Preferred nucleic acids encoding the invention 
polypeptide(s) hybridize under moderately stringent, pref 
erably high stringency, conditions to substantially the entire 
sequence of the nucleic acid sequence set forth in SEQ ID 
N011, SEQ ID N013, or SEQ ID N015. 

[0065] Site-directed mutagenesis of any region of DR5 or 
TRAIL-R3 cDNA is contemplated herein for the production 
of mutant DR5 or TRAIL-R3 cDNAs. For example, the 
Transformer Mutagenesis Kit (available from Clontech, 
Palo Alto, Calif.) can be used to construct a variety of 
missense and/or nonsense mutations to DR5 or TRAIL-R3 
cDNA, and the like. 

[0066] The invention nucleic acids may be produced by a 
variety of methods Well-knoWn in the art, e.g., the methods 
described herein, employing PCR ampli?cation using oli 
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gonucleotide primers from various regions of SEQ ID NO: 
1 or SEQ ID NO:3, and the like. 

[0067] In accordance With a further embodiment of the 
present invention, optionally labeled DR5-encoding and 
TRAIL-R3-encoding cDNAs, or fragments thereof, can be 
employed to probe library(ies) (e.g., cDNA, genomic, and 
the like) for additional nucleic acid sequences encoding 
related novel mammalian DR5 and TRAIL-R3 proteins. 
Construction of mammalian cDNA and genomic libraries, 
preferably a human library, is Well-knoWn in the art. 

[0068] Screening of such a cDNA or genomic library is 
initially carried out under loW-stringency conditions, Which 
comprise a temperature of less than about 42° C., a forma 
mide concentration of less than about 50%, and a moderate 
to loW salt concentration. 

[0069] In one embodiment, probe-based screening condi 
tions comprise a temperature of about 37° C., a formamide 
concentration of about 20%, and a salt concentration of 
about 5 x standard saline citrate (SSC; 20>< SSC contains 3M 
sodium chloride, 0.3M sodium citrate, pH 7.01). Such 
conditions Will alloW the identi?cation of sequences Which 
have a substantial degree of similarity With the probe 
sequence, Without requiring perfect homology. The phrase 
“substantial similarity” refers to sequences Which share at 
least 50% homology. Preferably, hybridiZation conditions 
Will be selected Which alloW the identi?cation of sequences 
having at least 70% homology With the probe, While dis 
criminating against sequences Which have a loWer degree of 
homology With the probe. As a result, nucleic acids having 
substantially the same (i.e., similar) nucleotide sequence as 
SEQ ID NO:1, SEQ ID NO:3, or splice variants thereof 
including SEQ ID NO:5, are obtained. 

[0070] As used herein, a nucleic acid “oligonucleotide”, 
also referred to herein as a probe or primer, is single 
stranded DNA or RNA, or analogs thereof, that has a 
sequence of nucleotides that includes, for example, at least 
14, at least 20, at least 50, at least 100, at least 200, at least 
300, at least 400, or at least 500 contiguous nucleotide bases 
that are the same as (or the complement of) any contiguous 
bases set forth in any of SEQ ID NO:1 or SEQ ID NO:3. 
Preferred regions from Which to construct probes include 5‘ 
and/or 3‘ coding regions of SEQ ID NO:1, SEQ ID NO:3, or 
splice variants thereof. In addition, the entire cDNA encod 
ing region of an invention protein, such as the entire 
sequence corresponding to SEQ ID NO:1 (DR5) or SEQ ID 
NO:3 (TRAIL-R3), may be used as a probe. Further, When 
probing a splice variant, the splice junctions or intervening 
sequences may be used to construct a probe (see FIG. 6). 
Probes may be labeled by methods Well-knoWn in the art, as 
described hereinafter, and used in various diagnostic kits. 

[0071] As used herein, the terms “label” and “indicating 
means” in their various grammatical forms refer to single 
atoms and molecules that are either directly or indirectly 
involved in the production of a detectable signal. Any label 
or indicating means can be linked to invention nucleic acid 
probes, expressed proteins, polypeptide fragments, or anti 
body molecules. These atoms or molecules can be used 
alone or in conjunction With additional reagents. Such labels 
are themselves Well-knoWn in clinical diagnostic chemistry. 

[0072] Also provided are antisense oligonucleotides hav 
ing a sequence capable of binding speci?cally With any 
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portion of an mRNA that encodes DR5 or TRAIL-R3 
proteins so as to prevent translation of the mRNA. The 
antisense oligonucleotide may have a sequence capable of 
binding speci?cally With any portion of the sequence of the 
cDNA encoding DR5 or TRAIL-R3 proteins. As used 
herein, the phrase “binding speci?cally” encompasses the 
ability of a nucleic acid sequence to recogniZe a comple 
mentary nucleic acid sequence and to form double-helical 
segments thereWith via the formation of hydrogen bonds 
betWeen the complementary base pairs. An example of an 
antisense oligonucleotide is an antisense oligonucleotide 
comprising chemical analogs of nucleotides. 

[0073] Compositions comprising an amount of the anti 
sense oligonucleotide, described above, effective to reduce 
expression of DR5 or TRAIL-R3 proteins by passing 
through a cell membrane and binding speci?cally With 
mRNA encoding DR5 or TRAIL-R3 proteins so as to 
prevent translation and an acceptable hydrophobic carrier 
capable of passing through a cell membrane are also pro 
vided herein. Suitable hydrophobic carriers are described, 
for example, in US. Pat. Nos. 5,334,761; 4,889,953; 4,897, 
355, and the like. The acceptable hydrophobic carrier 
capable of passing through cell membranes may also com 
prise a structure Which binds to a receptor speci?c for a 
selected cell type and is thereby taken up by cells of the 
selected cell type. The structure may be part of a protein 
knoWn to bind to a cell-type speci?c receptor, e.g., FGF and 
other groWth factors. 

[0074] Antisense oligonucleotide compositions are useful 
to inhibit translation of mRNA encoding invention polypep 
tides. Synthetic oligonucleotides, or other antisense chemi 
cal structures are designed to bind to mRNA encoding DR5 
or TRAIL-R3 proteins and inhibit translation of mRNA and 
are useful as compositions to inhibit expression of DR5 or 
TRAIL-R3 associated genes in a tissue sample or in a 
subject. 

[0075] In accordance With another embodiment of the 
invention, kits are provided for detecting the presence of a 
DR5 or TRAIL-R3 nucleic sequence comprising at least one 
oligonucleotide, e.g., a probe or antisense oligonucleotide, 
according to the present invention. Such kits can be used for 
detecting mutations, duplications, deletions, splice variant 
transcripts, rearrangements or aneuploidies in a DR5 or 
TRAIL-R3 gene. 

[0076] The present invention provides means to modulate 
levels of expression of DR5 or TRAIL-R3 proteins by 
employing synthetic antisense oligonucleotide compositions 
(hereinafter SAOC) Which inhibit translation of mRNA 
encoding these polypeptides. Synthetic oligonucleotides, or 
other antisense chemical structures designed to recogniZe 
and selectively bind to mRNA, are constructed to be 
complementary to portions of the DR5 or TRAIL-R3 coding 
strand or nucleotide sequences shoWn in SEQ ID NO:1 or 
SEQ ID NO:3. The SAOC is designed to be stable in the 
blood stream for administration to a subject by injection or 
by direct tumor site integration, or stable in laboratory cell 
culture conditions. The SAOC is designed to be capable of 
passing through the cell membrane in order to enter the 
cytoplasm of the cell by virtue of physical and chemical 
properties of the SAOC Which render it capable of passing 
through cell membranes, for example, by designing small, 
hydrophobic SAOC chemical structures, or by virtue of 
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speci?c transport systems in the cell Which recognize and 
transport the SAOC into the cell. In addition, the SAOC can 
be designed for administration only to certain selected cell 
populations by targeting the SAOC to be recognized by 
speci?c cellular uptake mechanisms Which bind and take up 
the SAOC only Within select cell populations. 

[0077] For example, the SAOC may be designed to bind 
to a receptor found only in a certain cell type, as discussed 
supra. The SAOC is also designed to recogniZe and selec 
tively bind to target mRNA sequence, Which may corre 
spond to a sequence contained Within the sequence shoWn in 
SEQ ID NO:1, SEQ ID NO:3, or splice variants thereof. The 
SAOC is designed to inactivate target mRNA sequence by 
either binding thereto and inducing degradation of the 
mRNA by, for example, RNase I digestion, or inhibiting 
translation of mRNA target sequence by interfering With the 
binding of translation-regulating factors or ribosomes, or 
inclusion of other chemical structures, such as riboZyme 
sequences or reactive chemical groups Which either degrade 
or chemically modify the target mRNA. SAOCs have been 
shoWn to be capable of such properties When directed 
against mRNA targets (see Cohen et al., TIPS, 10:435 
(1989) and Weintraub, Sci. American, January (1990), p.40; 
both incorporated herein by reference). 

[0078] In accordance With yet another embodiment of the 
present invention, there is provided a method for the recom 
binant production of invention DR5 or TRAIL-R3 proteins 
by expressing the above-described nucleic acid sequences in 
suitable host cells. Recombinant DNA expression systems 
that are suitable to produce DR5 and TRAIL-R3 proteins 
described herein are Well-knoWn in the art. For example, the 
above-described nucleotide sequences can be incorporated 
into vectors for further manipulation. As used herein, vector 
(or plasmid) refers to discrete elements that are used to 
introduce heterologous DNA into cells for either expression 
or replication thereof. 

[0079] Suitable expression vectors are Well-knoWn in the 
art, and include vectors capable of expressing DNA opera 
tively linked to a regulatory sequence, such as a promoter 
region that is capable of regulating expression of such DNA. 
Thus, an expression vector refers to a recombinant DNA or 
RNA construct, such as a plasmid, a phage, recombinant 
virus or other vector that, upon introduction into an appro 
priate host cell, results in expression of the inserted DNA. 
Appropriate expression vectors are Well knoWn to those of 
skill in the art and include those that are replicable in 
eukaryotic cells and/or prokaryotic cells and those that 
remain episomal or those Which integrate into the host cell 
genome. In addition, vectors may contain appropriate pack 
aging signals that enable the vector to be packaged by a 
number of viral virions, e.g., retroviruses, herpes viruses, 
adenoviruses, resulting in the formation of a “viral vector.” 

[0080] As used herein, the term “operatively linked” refers 
to the functional relationship of DNA With regulatory and 
effector nucleotide sequences, such as promoters, enhancers, 
transcriptional and translational stop sites, and other signal 
sequences. For example, operative linkage of DNA to a 
promoter refers to the physical and functional relationship 
betWeen the DNA and the promoter such that the transcrip 
tion of such DNA is initiated from the promoter by an RNA 
polymerase that speci?cally recogniZes, binds to and tran 
scribes the DNA. 
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[0081] Suitable transformation vectors are Well-knoWn in 
the art and include Blueskript and phage Lambda ZAP 
vectors (Stratagene, La Jolla, Calif.), and the like. Other 
suitable vectors and promoters are disclosed in detail in US. 
Pat. No. 4,798,885, issued Jan. 17, 1989, the disclosure of 
Which is incorporated herein by reference in its entirety. 

[0082] In accordance With another embodiment of the 
present invention, there are provided “recombinant cells” 
containing the nucleic acid molecules (i.e., DNA or mRNA) 
of the present invention. Methods of transforming suitable 
host cells, preferably bacterial cells, and more preferably E. 
coli cells, as Well as methods applicable for culturing said 
cells containing a gene encoding a heterologous protein, are 
generally knoWn in the art. See, for example, Sambrook et 
al., Molecular Cloning: A Laboratory Manual (2 ed.), Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 
USA (1989). 

[0083] Exemplary methods of introducing (transducing) 
expression vectors containing invention nucleic acids into 
host cells to produce transduced recombinant cells (i.e., cells 
containing recombinant heterologous nucleic acid) are Well 
knoWn in the art (see, for revieW, Friedmann, Science, 
244:1275-1281 (1989); Mulligan, Science, 260:926-932 
(1993), each of Which are incorporated herein by reference 
in their entirety). Exemplary methods of transduction 
include, e.g., infection employing viral vectors (see, e.g., 
US. Pat. No. 4,405,712 and 4,650,764), calcium phosphate 
transfection (US. Pat. Nos. 4,399,216 and 4,634,665), dex 
tran sulfate transfection, electroporation, lipofection (see, 
e.g., US. Pat. Nos. 4,394,448 and 4,619,794), cytofection, 
particle bead bombardment, and the like. The heterologous 
nucleic acid can optionally include sequences Which alloW 
for its extrachromosomal (i.e., episomal) maintenance, or 
the heterologous DNA can be caused to integrate into the 
genome of the host (as an alternative means to ensure stable 
maintenance in the host). 

[0084] Host organisms contemplated for use in the prac 
tice of the present invention include those organisms in 
Which recombinant production of heterologous proteins has 
been carried out. Examples of such host organisms include 
bacteria (e.g., E. coli), yeast (e.g., Saccharomyces cerevi 
siae, Candida tropicalis, Hansenula polymorpha and R 
pastoris; see, e.g., US. Pat. Nos. 4,882,279, 4,837,148, 
4,929,555 and 4,855,231), mammalian cells (e.g., HEK293, 
CH0 and Ltk- cells), insect cells, and the like. 

[0085] In one embodiment, nucleic acids encoding the 
invention DR5 or TRAIL-R3 proteins can be delivered into 
mammalian cells, either in vivo or in vitro using suitable 
viral vectors Well-knoWn in the art (e.g., retroviral vectors, 
adenovirus vectors, and the like). In addition, Where it is 
desirable to limit or reduce the in vivo expression of the 
invention DR5 or TRAIL-R3 proteins, the introduction of 
the antisense strand of the invention nucleic acid is contem 
plated. 

[0086] Viral based systems provide the advantage of being 
able to introduce relatively high levels of the heterologous 
nucleic acid into a variety of cells. Suitable viral vectors for 
introducing invention nucleic acid encoding an DR5 or 
TRAIL-R3 protein into mammalian cells (e.g., vascular 
tissue segments) are Well knoWn in the art. These viral 
vectors include, for example, Herpes simplex virus vectors 
(e.g., Geller et al., Science, 241:1667-1669 (1988)), Vaccinia 
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virus vectors (e.g., Piccini et al., Meth. in Enzymology, 
1531545-563 (1987); Cytomegalovirus vectors (Mocarski et 
al., in Viral Vectors, Y. GluZman and SH. Hughes, Eds., 
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 
1988, pp. 78-84), Moloney murine leukemia virus vectors 
(Danos et al., PNAS USA, 8516469 (1980)), adenovirus 
vectors, (e.g., Logan et al., PNAS USA, 8113655-3659 
(1984); Jones et al., Cell, 171683-689 (1979); Berkner, 
Biotechniques, 61616-626 (1988); Cotten et al.,PNAS, USA, 
8916094-6098 (1992); Graham et al., Meth. Mol. Biol, 
71109-127 (1991)), adeno-associated virus vectors, retrovi 
rus vectors (see, e.g., US. Pat. Nos. 4,405,712 and 4,650, 
764), and the like. Especially preferred viral vectors are the 
adenovirus and retroviral vectors. 

[0087] For example, in one embodiment of the present 
invention, adenovirus-transferrin/polylysine-DNA (TfAdpl 
DNA) vector complexes (Wagner et al., PNAS. USA, 
8916099-6103 (1992); Curiel et al., Hum. Gene Thera v, 
31147-154 (1992); Gao et al., Hum. Gene Ther, 4:14-24 
(1993)) are employed to transduce mammalian cells With 
heterologous DR5 or TRAIL-R3 nucleic acid. Any of the 
plasmid expression vectors described herein may be 
employed in a TfAdpl-DNA complex. 

[0088] As used herein, “retroviral vector” refers to the 
Well-knoWn gene transfer plasmids that have an expression 
cassette encoding an heterologous gene residing betWeen 
tWo retroviral LTRs. Retroviral vectors typically contain 
appropriate packaging signals that enable the retroviral 
vector, or RNA transcribed using the retroviral vector as a 
template, to be packaged into a viral virion in an appropriate 
packaging cell line (see, e.g., US. Pat. No. 4,650,764). 

[0089] Suitable retroviral vectors for use herein are 
described, for example, in US. Pat. No. 5,252,479, and in 
WIPO publications WO 92/07573, WO 90/06997, WO 
89/05345, WO 92/05266 and WO 92/14829, incorporated 
herein by reference, Which provide a description of methods 
for efficiently introducing nucleic acids into human cells 
using such retroviral vectors. Other retroviral vectors 
include, for example, the mouse mammary tumor virus 
vectors (e.g., Shackleford et al., PNAS, USA, 8519655-9659 
(1988)), and the like. 

[0090] In accordance With yet another embodiment of the 
present invention, there are provided anti-DR5 and anti 
-TRAIL-R3 antibodies having speci?c reactivity With DR5 
and TRAIL-R3 proteins, respectively, of the present inven 
tion. Active fragments of antibodies are encompassed Within 
the de?nition of “antibody”. Invention antibodies can be 
produced by methods knoWn in the art using invention DR5 
or TRAIL-R3 proteins, or portions thereof as antigens. For 
example, polyclonal and monoclonal antibodies can be 
produced by methods Well knoWn in the art, as described, for 
example, in HarloW and Lane, Antibodies: A Laboratory 
Manual (Cold Spring Harbor Laboratory (1988)), Which is 
incorporated herein by reference. 

[0091] Invention DR5 and TRAIL-R3 proteins can be 
used as immunogens in generating such antibodies. Alter 
natively, synthetic peptides can be prepared (using commer 
cially available synthesiZers) and used as immunogens. 
Amino acid sequences can be analyZed by methods Well 
knoWn in the art to determine Whether they encode hydro 
phobic or hydrophilic domains of the corresponding 
polypeptide. Altered antibodies such as chimeric, human 
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iZed, CDR-grafted or bifunctional antibodies can also be 
produced by methods Well knoWn in the art. Such antibodies 
can also be produced by hybridoma, chemical synthesis or 
recombinant methods described, for example, in Sambrook 
et al., supra., and HarloW and Lane, supra. Both anti-peptide 
and anti-fusion protein antibodies can be used. (see, for 
example, Bahouth et al., Trends Pharmacol. Sci. 121338 
(1993); Ausubel et al., Current Protocols in Molecular 
Biology (John Wiley and Sons, NY (1989) Which are incor 
porated herein by reference). 

[0092] Antibody so produced can be used, inter alia, in 
diagnostic methods and systems to detect the level of DR5 
or TRAIL-R3 protein present in a mammalian, preferably 
human, body sample, such as tissue or vascular ?uid. Such 
antibodies can also be used for the immunoaf?nity or affinity 
chromatography puri?cation of the invention DR5 and 
TRAIL-R3 proteins. In addition, methods are contemplated 
herein for detecting the presence of DR5 or TRAIL-R3 
proteins either on the surface of a cell or Within a cell, Which 
methods comprise contacting the cell With an antibody that 
speci?cally binds to DR5 or TRAIL-R3 proteins, under 
conditions permitting binding of the antibody to DR5 or 
TRAIL-R3 proteins, detecting the presence of the antibody 
bound to DR5 or TRAIL-R3, and thereby detecting the 
presence of invention polypeptides on the surface of, or 
Within, the cell. With respect to the detection of such 
polypeptides, the antibodies can be used for in vitro diag 
nostic or in vivo imaging methods. 

[0093] Immunological procedures useful for in vitro 
detection of target DR5 or TRAIL-R3 proteins in a sample 
include immunoassays that employ a detectable antibody. 
Such immunoassays include, for example, ELISA, Pandex 
micro?uorimetric assay, agglutination assays, ?oW cytom 
etry, serum diagnostic assays and immunohistochemical 
staining procedures Which are Well knoWn in the art. An 
antibody can be made detectable by various means Well 
knoWn in the art. For example, a detectable marker can be 
directly or indirectly attached to the antibody. Useful mark 
ers include, for example, radionucleotides, enZymes, ?uo 
rogens, chromogens and chemiluminescent labels. 

[0094] Invention anti-DR5 or TRAIL-R3 antibodies are 
contemplated for use herein to modulate activity of the DR5 
or TRAIL-R3 polypeptide in living animals, in humans, or 
in biological tissues or ?uids isolated therefrom. The term 
“modulate” refers to a compound’s ability to increase (e.g., 
via an agonist) or inhibit (e.g., via an antagonist) the 
biological activity of DR5 or TRAIL-R3 protein, such as the 
apoptosis mediating activity of DR5 or TRAIL-R3. Accord 
ingly, compositions comprising a carrier and an amount of 
an antibody having speci?city for DR5 or TRAIL-R3 pro 
teins effective to block naturally occurring ligands, such as 
TRAIL, or other DR5-binding or TRAIL-binding proteins 
from binding to invention DR5 or TRAIL-R3 proteins are 
contemplated herein. For example, a monoclonal antibody 
directed to an epitope of DR5 or TRAIL-R3 present on the 
surface of a cell that has an amino acid sequence substan 
tially the same as an amino acid sequence shoWn in SEQ ID 
NO:2, SEQ ID NO:4, or splice variant thereof (e.g., SEQ ID 
NO16), can be useful for this purpose. 

[0095] The present invention further provides transgenic 
non-human mammals that are capable of expressing exag 
enous nucleic acids encoding DR5 or TRAIL-R3 proteins. 
































