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(57) ABSTRACT 

The invention relates generally to genes that encode proteins 
that inhibit axonal growth. The invention relates Specifically 
to genes encoding NgR protein homologs in humans and 
mice. The invention also includes compositions and meth 
ods for modulating the expression and activity of Nogo and 
the NgR proteins. Specifically, the invention includes pep 
tides, proteins and antibodies that block Nogo-mediated 
inhibition of axonal extension. The compositions and meth 
ods of the invention are useful in the treatment of cranial or 
cerebral trauma, Spinal cord injury, Stroke or a demyelinat 
ing disease. 
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NOGO RECEPTOR HOMOLOGS 

FIELD OF THE INVENTION 

0001. The invention relates to neurology and molecular 
biology. More particularly, the invention relates to CNS 
neurons and axonal growth 

BACKGROUND 

0002 Among the mechanisms through which the cells of 
an organism communicate with each other and obtain infor 
mation and Stimuli from their environment is through cell 
membrane receptor molecules expressed on the cell Surface. 
Many Such receptors have been identified, characterized, 
and Sometimes classified into major receptor Superfamilies 
based on Structural motifs and Signal transduction features. 
The receptors are a first essential link for translating an 
extracellular Signal into a cellular physiological response. 
0.003 Receptors on neurons are particularly important in 
the development of the nervous System during embryogen 
esis. The neurons form connections with target cells during 
development through axonal extension of the neurons 
toward the target cells in a receptor-mediated process. AXons 
and dendrites have a Specialized region of their distal tips 
known as the growth cone. Growth cones enable the neuron 
to Sense the local environment through a receptor-mediated 
proceSS and direct the movement of the axon or dendrite of 
the neuron toward the neuron's target cell. This proceSS is 
known as elongation. Growth cones can be sensitive to 
Several guidance cues, for example, Surface adhesiveneSS, 
growth factors, neurotransmitters and electric fields. The 
guidance of growth at the cone depends on various classes 
of adhesion molecules, intercellular signals, as well as 
factors that Stimulate and inhibit growth cones. 
0004 Interestingly, damaged neurons do not elongate in 
the central nervous system (CNS) following injury due to 
trauma or disease, whereas axons in the peripheral nervous 
system (PNS) regenerate readily. The fact that damaged 
CNS neurons fail to elongate is not due to an intrinsic 
property of CNS axons, but rather due to the CNS environ 
ment that is not permissive for axonal elongation. Classical 
grafting experiments by Aguayo and colleagues (e.g., Rich 
ardson et al., (1980) Nature 284, 264-265) demonstrated that 
CNS axons can in fact elongate over Substantial distances 
within peripheral nerve grafts, and that CNS myelin inhibits 
CNS axon elongation. Therefore, given the appropriate 
environment, CNS axons can regenerate, implying that CNS 
aXonal injury can potentially be addressed by appropriate 
manipulation of the CNS environment. 
0005 The absence of axon regeneration following injury 
can be attributed to the presence of axon growth inhibitors. 
These inhibitors are predominantly associated with myelin 
and constitute an important barrier to regeneration. AXon 
growth inhibitors are present in CNS-derived myelin and the 
plasma membrane of oligodendrocytes that Synthesize 
myelin in the CNS (Schwab et al., (1993) Annu. Rev. 
Neurosci. 16, 565-595). Myelin-associated inhibitors appear 
to be a primary contributor to the failure of CNS axon 
regeneration in Vivo after an interruption of axonal conti 
nuity, whereas other non-myelin associated axon growth 
inhibitors in the CNS may play a lesser role. These inhibitors 
block axonal regeneration following neuronal injury due to 
trauma, Stroke or viral infection. 
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0006 Numerous myelin-derived axon growth inhibitors 
have been characterized (see, for review, David et al., (1999) 
WO995394547; Bandman et al., (1999) U.S. Pat. No. 5,858, 
708; Schwab, (1996) Neurochem. Res. 21, 755-761). Several 
components of CNS white matter, NI35, NI250 (Nogo) and 
Myelin-associated glycoprotein (MAG), which have inhibi 
tory activity for axonal extension, have been described as 
well (Schwab et al., (1990) WO9005191; Schwab et al., 
(1997) U.S. Pat. No. 5,684,133). In particular, Nogo is a 250 
kDa myelin-associated axon growth inhibitor that was origi 
nally characterized based on the effects of the purified 
protein in Vitro and monoclonal antibodies that neutralize 
the protein's activity (Schwab (1990) Exp. Neurol. 109, 2-5). 
The Nogo cDNA was first identified through random analy 
sis of brain cDNA and had no Suggested function (Nagase et 
al., (1998) DNA Res. 5, 355-364). The identification of this 
Nogo cDNA as the cDNA encoding the 250 kDa myelin 
asSociated axon growth inhibitor was discovered only 
recently (Grand Preet al., (2000) Nature 403, 439-444; Chen 
et al., (2000) Nature 403, 434-439; Prinjha at al., (2000) 
Nature 403, 383-384). 
0007 Importantly, Nogo has been shown to be the pri 
mary component of CNS myelin responsible for inhibiting 
aXonal elongation and regeneration. Nogo's Selective 
expression by oligodendrocytes and not by Schwann cells 
(the cells that myelinate P. S. axons) is consistent with the 
inhibitory effects of CNS myelin, in contrast to P.S. myelin 
(Grand Pre et al., (2000) Nature 403, 434-439). In culture, 
Nogo inhibits axonal elongation and causes growth cone 
collapse (Spillmann et al., (1998) J. Biol. Chem. 272, 
19283-19293). Antibodies (e.g., IN-1) against Nogo have 
been shown to block most of the inhibitory action of CNS 
myelin on neurite growth in vitro (Spillmann et al., (1998) 
J. Biol. Chem. 272: 19283-19293). These experiments indi 
cate that Nogo is the main component of CNS myelin 
responsible for inhibition of axonal elongation in culture. 
Furthermore, in vivo, the IN-1 antibody has been shown to 
enhance axonal regeneration after Spinal cord injury, result 
ing in recovery of behaviorS Such as contact placing and 
stride length (Schnell and Schwab (1990) Nature 343, 
269-272; Bregman et al., (1995) Nature 378, 498-501). 
Thus, there is Substantial evidence that Nogo is a disease 
relevant molecular target. Agents that interfere with the 
binding of Nogo to its receptor would be expected to 
improve axonal regeneration in clinical States in which 
axons have been damaged, and improve patient outcome. 

0008 Modulation of Nogo has been described as a means 
for treatment of regeneration for neurons damaged by 
trauma, infarction and degenerative disorders of the CNS 
(Schwab et al., (1994) WO9417831 Tatagiba et al., (1997) 
Neurosurgery 40, 541-546) as well as malignant tumors in 
the CNS such as glioblastoma (Schwab et al., (1993) U.S. 
Pat. No. 5,250,414); Schwab et al., (2000) U.S. Pat. No. 
6,025,333). 
0009 Antibodies which recognize Nogo have been Sug 
gested to be useful in the diagnosis and treatment of nerve 
damage resulting from trauma, infarction and degenerative 
disorders of the CNS (Schnell & Schwab, (1990) Nature 
343, 269-272; Schwab et al., (1997) U.S. Pat. No. 5,684, 
133). For CNS axons, there is a correlation between the 
presence of myelin and the inhibition of axon regeneration 
over long distances (Savio and Schwab (1990) Proc. Natl. 
Acad. Sci. 87, 4130-4133; Keirstead et al., (1992) Proc. 
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Natl. Acad. Sci. 89, 11664-11668). After Nogo is blocked by 
antibodies, neurons can again extend acroSS lesions caused 
by nerve damage (Schnell and Schwab (1990) Nature 343, 
269-272). 

SUMMARY OF THE INVENTION 

0010 Genes encoding homologs (NgR2 and NgR3) of a 
Nogo receptor (NgR1) in mice and humans have been 
discovered. Various domains in the polypeptides encoded by 
the NgR2 and NgR3 genes have been identified and com 
pared to domains in mouse and human NgR1 polypeptides. 
This comparison has led to identification of a consensus 
Sequence (NgR consensus sequence) that characterizes a 
family of proteins (NgR family). Based on these and other 
discoveries, the invention features molecules and methods 
for modulating axonal growth in CNS neurons. 
0.011 The invention provides a polypeptide that contains 
a polypeptide containing a tryptophan rich LRRCT domain 
consisting of the amino acid Sequence: 

N X W X2 C X C R A R X L W X W X X X Xo R. X. S S S X W 
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0014 wherein X is any amino acid residue or a gap and 
wherein the polypeptide is not the polypeptide of SEQ ID 
NO: 5 (human NgR1) or SEQID NO: 17 (mouse NgR1). For 
example, Xs, X7 and Xs may represent a gap. Specific 
examples of polypeptides of the invention are SEQ ID NO: 
2 (human NgR2), SEQ ID NO: 4 (mouse NgR3), and SEQ 
ID NO: 14 (human NgR3). In some embodiments, the 
polypeptide contains: (a) a NTLRRCT domain, and (b) less 
than a complete CTS domain, provided that a partial CTS 
domain, if present, consists of no more than the first 39 
amino acids of the CTS domain. While the polypeptide may 
contain a functional GPI domain, a functional GPI domain 
may be absent, e.g., when a Soluble polypeptide is desired. 
A polypeptide of the invention optionally includes an amino 
acid Sequence of a heterologous polypeptide, e.g., an Fc 
portion of an antibody. 

0015 The invention also provides a nucleic acid encod 
ing an above-described polypeptide; a vector containing the 
nucleic acid, which nucleic acid may be operably linked to 

SEQ ID NO. 19 

X12 C X13 X14 P X15 X16 X17 X1g X1g X20 D I X21 X22 L X23 X24 X2 is D 

0012 wherein X is any protein amino acid or a gap, 
and the polypeptide does not include amino acid 
sequence from residue 260 to 309 of SEQ ID NO: 5 
(human NgR1) or SEQ ID NO: 17 (mouse NgR1). 

0013 Preferably, X17 and X23 are (independently) argi 
nine or lysine. In Some embodiments, the amino acid 
sequence of the LRRCT domain is residues 261-310 of SEQ 
ID NO:2, or residues 261-310 of SEQ ID NO: 2 with up to 
10 conservative amino acid Substitutions. In Some embodi 
ments, the polypeptide contains the following NTLRRCT 
amino acid Sequence: 

C P X1, X2 CX C Y X4 X5 PX X7 TXs S C Xg X1o X11 X12 X1, X14 X 15 X1 P 

an expression control Sequence; and a transformed host cell 
containing the vector. A method of producing a polypeptide 
of the invention is also provided. The method includes 
introducing a nucleic acid encoding the above-described 
polypeptide into a host cell, culturing the cell under condi 
tions Suitable for expression of the polypeptide, and recov 
ering the polypeptide. 
0016. The invention also provides an antisense molecule 
whose nucleotide Sequence is complementary to a nucle 
otide Sequence encoding a polypeptide Selected from the 
group consisting of a polypeptide consisting of residues 

SEQ ID NO: 18 

Xso X51. X52 F X53 X54 Xss X56 X57 L E X58 T. D. L. X5g D N Xso X61. L X62 X63 X64 

X 103 X 104 F. R. G. L. X 105 X106 T. D. R. T. T. T. H X1 o7 N X1 og X1 og X11o X111 W H X112 

X 113 A F X114 X115 L X116 R. L. X11 7 X11g L X11g L F X12o N X121 L X 122 X 123 L 

X 124 X125 X-126 X-127 L X12g X12g L X13o X131 L X132 X 133 L. R. L. N X-134 N X135 W 

X 136 C X1.37 C. R. X 138 R X 139 L. W. X 14o W X141 X142 X 143 X 144 R X 145 S S S X.146 

W X 147 C X 148 X1.4g P X1so X 151 X152 X-153 X-154 X 155 D I X 156 X157 L X-15s X15g X16o 

D X161 X162 X163 C 
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311-395 of SEQ ID NO: 2, a polypeptide consisting of 
residues 256-396 of SEQ ID NO: 14 and a polypeptide 
consisting of residues 321-438 of SEQ ID NO: 4, wherein 
the nucleic acid is from 8 to 100 nucleotides in length, e.g., 
about 20, 30, 40, 50, 60, 70, 80 or 90 nucleotides. The 
invention also provides a nucleic acid encoding Such an 
antisense molecule. 

0.017. The invention also provides an antibody that binds 
to an above-described polypeptide. Polypeptides or antibod 
ies of the invention can be formulated into pharmaceutical 
compositions containing the polypeptide or antibody and a 
pharmaceutically acceptable carrier. 

0.018. The invention also provides a method for decreas 
ing inhibition of axonal growth of a CNS neuron. The 
method includes the Step of contacting the neuron with an 
effective amount of a polypeptide or antibody of the inven 
tion. The invention also provides a method for treating a 
central nervous System disease, disorder or injury. The 
method includes administering to a mammal, e.g., a human, 
an effective amount of a polypeptide or antibody of the 
invention. Exemplary diseases, disorders and injuries that 
may be treated using molecules and methods of the inven 
tion include, but are not limited to, cerebral injury, Spinal 
cord injury, Stroke, demyelinating diseases, e.g., multiple 
Sclerosis, monophasic demyelination, encephalomyelitis, 
multifocal leukoencephalopathy, panencephalitis, Marchi 
afava-Bignami disease, Spongy degeneration, Alexander's 
disease, Canavan's disease, metachromatic leukodystrophy 
and Krabbe's disease. 

0019. The invention also provides a method for identi 
fying a molecule that binds a polypeptide of the invention. 
The method includes the steps of: (a) providing a polypep 
tide of the invention; (b) contacting the polypeptide with the 
candidate molecule; and (c) detecting binding of the candi 
date molecule to the polypeptide. 
0020. Unless otherwise defined, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which the 
invention belongs. In case of conflict, the present applica 
tion, including definitions, will control. All publications, 
patent and other references mentioned herein are incorpo 
rated by reference. 
0021. The materials, methods and examples presented 
below are illustrative only, and not intended to be limiting. 
Other features and advantages of the invention will be 
apparent from the detail description and from the claims. 

BRIEF DESCRIPTION OF THE FIGURES 

0022 FIGS. 1A-1B shows an alignment of NgR2 (SEQ 
ID NO:2) and NgR3 (SEQ ID NO:4) with the known NgR, 
NgR1 (SEQ ID NO:5) and the Consensus Sequence (SEQ 
ID NO:6). 
0023 FIG. 2. mNgr3 does not bind hNogoA(1055 
1120). COS-7 cells were transfected with vectors encoding 
myc-NgR1 or myc-NgR3, fixed, and stained with anti-myc 
antibodies or AP-hNogoA(1055-1120). 
0024 FIG. 3. An alignment of the amino acid sequences 
of human NgR1, murine NgR1, murine NgR3, human NgR3 
and human NgR2. Numbering begins with amino acid #1 of 
murine NgR3. The consensus sequence is listed below. The 
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LRR NT domain is indicated by a shaded box; domains LLR 
1, LLR 3, LLR 5, and LLR 7 are indicated by open boxes; 
LLR 2, LLR 4, LLR 6 and LLR 8 are indicated by shaded 
boxes; and the LLRCT domain is indicated by a shaded box. 
Amino acids in bold in LLR 8 indicate a conserved glyco 
Sylation Sites. A dot indicates conserved cystine residue in 
LRR4. Box at C terminus indicates putative GPI signals. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0025 The present invention provides purified and iso 
lated polynucleotides (e.g., DNA sequences and RNA tran 
Scripts, both Sense and complementary antisense Strands, 
both Single- and double-Stranded, including Splice variants 
thereof) encoding NgR homologs, referred to herein as NgR. 
Unless indicated otherwise, as used herein, the abbreviation 
in lower case (NgR) refers to a gene, cDNA, RNA or nucleic 
acid Sequence, whereas the upper case version (NgR) refers 
to a protein, polypeptide, peptide, oligopeptide, or amino 
acid Sequence. Specific proteins are designated by number, 
e.g., “NgR2 is a human NgR homolog, “NgR3” is a 
murine-derived NgR homolog, and “NgR1 is the known 
NgR identified by Dr. Stephen Strittmatter. Known NgRs are 
herein referred to as “NgRs.” DNA polynucleotides of the 
invention include genomic DNA, cDNA and DNA that has 
been chemically Synthesized in whole or in part. 
0026 Standard reference works setting forth the general 
principles of recombinant DNA technology known to those 
of skill in the art include Ausubel et al., CURRENT PRO 
TOCOLS IN MOLECULAR BIOLOGY, John Wiley & 
Sons, New York (1998); Sambrook et al., MOLECULAR 
CLONING: A LABORATORY MANUAL, 2d Ed., Cold 
Spring Harbor Laboratory Press, Plainview, N.Y. (1989); 
Kaufman et al., Eds., HANDBOOK OF MOLECULAR 
AND CELLULAR METHODS IN BIOLOGY AND MEDI 

CINE, CRC Press, Boca Raton (1995); McPherson, Ed., 
DIRECTED MUTAGENESIS: A PRACTICAL 

APPROACH, IRL Press, Oxford (1991). 
0027 AS used herein, the term “axon” refers to a long 
cellular protrusion from a neuron, whereby action potentials 
are conducted, either to or from the cell body. 
0028. As used herein, the term “axonal growth” refers to 
an extension of the long process or axon, originating at the 
cell body and proceeded by the growth cone. 
0029. As used herein, the term “central nervous system 
disorder” refers to any pathological State associated with 
abnormal function of the central nervous system (CNS). The 
term includes, but is not limited to, altered CNS function 
resulting from physical trauma to cerebral tissue, Viral 
infection, autoimmune machanisms and genetic mutation. 
0030 AS used herein, the term “demyelinating disease” 
refers to a pathological disorder characterized by the deg 
radation of the myelin sheath of the oligodendrocyte cell 
membrane. 

0031 AS used herein, the term “growth cone” refers to a 
Specialized region at the tip of a growing neurite that is 
responsible for Sensing the local environment and moving 
the axon toward its appropriate Synaptic target cell. 
0032. As used herein, the term “growth cone movement” 
refers to the extension or collapse of the growth cone toward 
a neuron's target cell. 
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0.033 AS used herein, the term “neurite” refers to a 
proceSS growing out of a neuron. AS it is Sometimes difficult 
to distinguish a dendrite from in axon in culture, the term 
“neurite” is used for both. 

0034. As used herein, the term “oligodendrocyte” refers 
to a neuroglial cell of the CNS whose function is to 
myelinate CNS axons. 
0.035 “Synthesized” as used herein and understood in the 
art, refers to polynucleotides produced by purely chemical, 
as opposed to enzymatic, methods. “Wholly” synthesized 
DNA sequences are therefore produced entirely by chemical 
means, and “partially” synthesized DNAS embrace those 
wherein only portions of the resulting DNA were produced 
by chemical means. By the term “region' is meant a 
physically contiguous portion of the primary Structure of a 
biomolecule. In the case of proteins, a region is defined by 
a contiguous portion of the amino acid Sequence of that 
protein. The term “domain” is herein defined as referring to 
a structural part of a biomolecule that contributes to a known 
or Suspected function of the biomolecule. Domains may be 
co-extensive with regions or portions thereof, domains may 
also incorporate a portion of a biomolecule that is distinct 
from a particular region, in addition to all or part of that 
region. Examples of Ngr protein domains include, but are 
not limited to, the Signal peptide, extracellular (i.e., N-ter 
minal) domain, and leucine-rich repeat domains. 
0.036 AS used herein, the term “activity” refers to a 
variety of measurable indicia Suggesting or revealing bind 
ing, either director indirect, affecting a response, i.e., having 
a measurable affect in response to Some exposure or Stimu 
lus, including, for example, the affinity of a compound for 
directly binding a polypeptide or polynucleotide of the 
invention, or, for example, measurement of amounts of 
upstream or downstream proteins or other similar functions 
after Some Stimulus or event. Such activities may be mea 
sured by assays such as competitive inhibition of NgR1 
binding to Nogo assays wherein, for example, unlabeled, 
Soluble NgR2 is added to an assay System in increasing 
concentrations to inhibit the binding of Nogo to NgR1 
expressed on the Surface of CHO cells. AS another example, 
one may assess the ability of neurons to extend acroSS 
lesions caused by nerve damage (as in Schnell and Schwab 
(1990) Nature 343, 269-272) following inhibition of Nogo 
by various forms of NgR2 and/or NgR3 as a biological 
indicator of NgR function. 
0037 AS used herein, the term “antibody' is meant to 
refer to complete, intact antibodies, and Fab, Fab', F(ab)2, 
and other fragments thereof Complete, intact antibodies 
include monoclonal antibodies Such as murine monoclonal 
antibodies, chimeric antibodies, anti-idiotypic antibodies, 
anti-anti-idiotypic antibodies, and humanized antibodies. 
0.038. As used herein, the term “binding” means the 
physical or chemical interaction between two proteins or 
compounds or associated proteins or compounds or combi 
nations thereof. Binding includes ionic, non-ionic, hydrogen 
bonds, Van der Waals, hydrophobic interactions, etc. The 
physical interaction, the binding, can be either direct or 
indirect, indirect being through or due to the effects of 
another protein or compound. Direct binding refers to inter 
actions that do not take place through or due to the effect of 
another protein or compound but instead are without other 
Substantial chemical intermediates. 
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0039. As used herein, the term “compound” means any 
identifiable chemical or molecule, including, but not limited 
to, Small molecules, peptides, proteins, Sugars, nucleotides 
or nucleic acids, and Such compound can be natural or 
Synthetic. 

0040 AS used herein, the term “complementary” refers to 
Watson-Crick basepairing between nucleotide units of a 
nucleic acid molecule. 

0041 AS used herein, the term “contacting” means bring 
ing together, either directly or indirectly, a compound into 
physical proximity to a polypeptide or polynucleotide of the 
invention. The polypeptide or polynucleotide can be in any 
number of buffers, Salts, Solutions etc. Contacting includes, 
for example, placing the compound into a beaker, microtiter 
plate, cell culture flask, or a microarray, Such as a gene chip, 
or the like, which contains the nucleic acid molecule, or 
polypeptide encoding the NgR or fragment thereof. 

0042. As used herein, the phrase “homologous nucleotide 
Sequence,” or "homologous amino acid Sequence,” or varia 
tions thereof, refers to Sequences characterized by an iden 
tity at the nucleotide level, or a homology at the amino acid 
level, of at least the Specified percentage. Homologous 
nucleotide Sequences include those Sequences coding for 
isoforms of proteins. Such isoforms can be expressed in 
different tissueS of the same organism as a result of, for 
example, alternative splicing of RNA. Alternatively, iso 
forms can be encoded by different genes. Homologous 
nucleotide Sequences include nucleotide Sequences encod 
ing for a protein of a species other than humans, including, 
but not limited to, mammals. Homologous nucleotide 
Sequences also include, but are not limited to, naturally 
occurring allelic variations and mutations of the nucleotide 
Sequences Set forth herein. A homologous nucleotide 
Sequence does not, however, include the nucleotide 
Sequence encoding NgR1. Homologous amino acid 
Sequences include those amino acid Sequences which con 
tain conservative amino acid Substitutions and which 
polypeptides have the same binding and/or activity. A 
homologous amino acid Sequence does not, however, 
include the amino acid Sequence encoding other known 
NgRS. Percent homology can be determined by, for example, 
the Gap program (Wisconsin Sequence Analysis Package, 
Version 8 for Unix, Genetics Computer Group, University 
Research Park, Madison Wis.), using the default settings, 
which uses the algorithm of Smith and Waterman (Adv. Appl. 
Math., 1981, 2, 482-489, which is incorporated herein by 
reference in its entirety). 
0043. As used herein, the term “isolated” nucleic acid 
molecule refers to a nucleic acid molecule (DNA or RNA) 
that is Substantially free of nucleic acids encoding other 
proteins with which it is associated in nature, i.e., a nucleic 
acid that has been removed from its native environment. 
Examples of isolated nucleic acid molecules include, but are 
not limited to, recombinant DNA molecules contained in a 
vector, recombinant DNA molecules maintained in a heter 
ologous host cell, partially or Substantially purified nucleic 
acid molecules, and synthetic DNA or RNA molecules. 
Preferably, an “isolated” nucleic acid is free of sequences 
which naturally flank the nucleic acid (i.e., Sequences 
located at the 5' and 3' ends of the nucleic acid) in the 
genomic DNA of the organism from which the nucleic acid 
is derived. For example, in various embodiments, the iso 
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lated NgR nucleic acid molecule can contain less than about 
50 kb, 25 kb, 5 kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb or 0.1 kb 
of nucleotide Sequences which naturally flank the nucleic 
acid molecule in genomic DNA of the cell from which the 
nucleic acid is derived. Moreover, an "isolated” nucleic acid 
molecule, Such as a cDNA molecule, can be Substantially 
free of other cellular material or culture medium when 
produced by recombinant techniques, or of chemical pre 
cursors or other chemicals when chemically Synthesized. 

0044 As used herein, the term “heterologous” refers to a 
nucleotide or amino acid Sequence that is a different, or 
non-corresponding Sequence, or a sequence derived from a 
different species. For example, a mouse NgR nucleotide or 
amino acid Sequence is heterologous to a human NgR 
nucleotide or amino acid Sequence, and a human NgR 
nucleic or amino acid Sequence is heterologous to a human 
immunoglobulin nucleotide or amino acid Sequence. 

0.045. As used herein, a “soluble NgR polypeptide' is a 
NgR polypeptide that does not anchor itself in a membrane. 
Such Soluble polypeptides include, for example, NgR2 and 
NgR3 polypeptides that lack a sufficient portion of their GPI 
anchor Signal to anchor the polypeptide or are modified Such 
that the GPI anchor Signal is not adequate to result in 
replacement of the peptide with a GPI anchor. In preferred 
embodiments, up to 5, 10, 20 or 25 amino acids are removed 
from the C-terminus of NgR2 or NgR3 to make the respec 
tive proteins Soluble. AS used herein Soluble NgR polypep 
tides include full-length or truncated (e.g., with internal 
deletions) NgR. 
0046) Soluble NgR polypeptides may include the entire 
NgR protein up to the putative GPI Signal sequence (e.g., 
amino acid 1 to about amino acid 395 of NgR2, and from 
amino acid 1 to about amino acid 438 of NgR3). In other 
embodiments, the Signal peptide of the proteins may be 
removed or truncated (e.g., all or part of the signal Sequence 
of NgR2, which spans amino acid 1 to about amino acid 30 
of SEQ ID NO:2, may be removed; all or part of the signal 
Sequence of NgR3, which spans amino acid 1 to about amino 
acid 40 of SEQ ID NO:4, may be removed). In some 
embodiments, the mature NgR2 (SEQ ID NO:8) and the 
mature NgR3 (SEQ ID NO:9) are used. 
0047 Soluble NgR polypeptides include at least one of 
the putative ligand-binding portions of NgR, including the 
first cysteine-rich region (SEQ ID NO:10, the leucine repeat 
region (SEQ ID NO:12) and the second cysteine-rich region 
(SEQ ID NO:11). In some embodiments, soluble NgR 
polypeptides consist of amino acid 1 through about amino 
acid 395 of SEQ ID NO:2, or amino acid 1 through about 
amino acid 438 of SEO ID NO:4. 

0.048. In other embodiments, the soluble NgR polypep 
tides are fusion proteins that contain amino acids 30 through 
about amino acid 395 of mature NgR2 or amino acid 40 
through about amino acid 438 of NgR3, the C-terminal 10 
amino acids of a human IgG 1 hinge region containing the 
two cysteine residues thought to participate in interchain 
disulfide bonding, and the CH2 and CH3 regions of a human 
IgG1 heavy chain constant domain. This type of recombi 
nant protein is designed to modulate inhibition of axonal 
elongation through inhibition of the Nogo ligand binding to 
NgR1, or by inhibiting the ligand of the NgR from inter 
acting with cell Surface NgR. The NgR portion of the fusion 
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binds to the Nogo ligand and the IgG1 portion binds to the 
FcyRI (macrophage) and Fcy III (NK cells and neutrophils) 
receptors. 

0049. The production of the soluble polypeptides useful 
in this invention may be achieved by a variety of methods 
known in the art. For example, the polypeptides may be 
derived from intact transmembrane NgR molecules by pro 
teolysis using Specific endopeptidases in combination with 
exopeptidases, Edman degradation, or both. The intact NgR 
molecule, in turn, may be purified from its natural Source 
using conventional methods. Alternatively, the intact NgR 
may be produced by known recombinant DNA techniques 
using cDNAS, expression vectors and well-known tech 
niques for recombinant gene expression. 

0050 Preferably, the soluble polypeptides useful in the 
present invention are produced directly, thus eliminating the 
need for an entire NgR as a Starting material. This may be 
achieved by conventional chemical Synthesis techniques or 
by well-known recombinant DNA techniques wherein only 
those DNA sequences which encode the desired peptides are 
expressed in transformed hosts. For example, a gene which 
encodes the desired Soluble NgR polypeptide may be Syn 
thesized by chemical means using an oligonucleotide Syn 
thesizer. Such oligonucleotides are designed based on the 
amino acid Sequence of the desired Soluble NgR polypep 
tide. Specific DNA sequences coding for the desired peptide 
also can be derived from the full-length DNA sequence by 
isolation of specific restriction endonuclease fragments or by 
PCR synthesis of the specified region from cDNA. 

0051. A nucleic acid molecule of the present invention, 
e.g., a nucleic acid molecule having the nucleotide Sequence 
of SEQ ID NOS:1, 3 or a complement of either of these 
nucleotide Sequences, can be isolated using Standard 
molecular biology techniques and the Sequence information 
provided herein. Using all or a portion of the nucleic acid 
sequences of SEQ ID NOS:1 or 3 as a hybridization probe, 
NgR nucleic acid Sequences can be isolated using Standard 
hybridization and cloning techniques (e.g., as described in 
Sambrook et al., eds., MOLECULAR CLONING: A LABO 
RATORY MANUAL 2" Ed., Cold Spring Harbor Labora 
tory Press, Cold Spring Harbor, N.Y., 1989; and Ausubel, et 
al., eds., CURRENT PROTOCOLS IN MOLECULAR 
BIOLOGY, John Wiley & Sons, New York, N.Y., 1993). 
0052 A nucleic acid of the invention can be amplified 
using cDNA, mRNA or alternatively, genomic DNA, as a 
template and appropriate oligonucleotide primerS according 
to standard PCR amplification techniques. The nucleic acid 
So amplified can be cloned into an appropriate vector and 
characterized by DNA sequence analysis. Furthermore, oli 
gonucleotides corresponding to NgR nucleotide Sequences 
can be prepared by Standard Synthetic techniques, e.g., using 
an automated DNA synthesizer. 

0053 As used herein, the terms “modulates' or “modi 
fies' means an increase or decrease in the amount, quality, 
or effect of a particular activity or protein. 

0054 As used herein, the term “oligonucleotide” refers to 
a Series of linked nucleotide residues which has a Sufficient 
number of bases to be used in a polymerase chain reaction 
(PCR). This short sequence is based on (or designed from) 
a genomic or cDNA sequence and is used to amplify, 
confirm or reveal the presence of an identical, Similar or 
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complementary DNA or RNA in a particular cell or tissue. 
Oligonucleotides comprise portions of a DNA sequence 
having at least about 10 nucleotides and as many as about 50 
nucleotides, preferably about 15 to 30 nucleotides. They are 
chemically Synthesized and may be used as probes. 

0.055 As used herein, the term “probe' refers to nucleic 
acid Sequences of variable length, preferably between at 
least about 10 and as many as about 6,000 nucleotides, 
depending on use. They are used in the detection of identi 
cal, Similar or complementary nucleic acid Sequences. 
Longer length probes are usually obtained from a natural or 
recombinant Source, are highly specific and much slower to 
hybridize than oligomers. They may be single- or double 
stranded and carefully designed to have specificity in PCR, 
hybridization membrane-based, or ELISA-like technolo 
gIeS. 

0056. The term “preventing” refers to decreasing the 
probability that an organism contracts or develops an abnor 
mal condition. 

0057 The term “treating” refers to having a therapeutic 
effect and at least partially alleviating or abrogating an 
abnormal condition in the organism. 
0058. The term “therapeutic effect” refers to the inhibi 
tion or activation factors causing or contributing to the 
abnormal condition. A therapeutic effect relieves to Some 
extent one or more of the Symptoms of the abnormal 
condition. In reference to the treatment of abnormal condi 
tions, a therapeutic effect can refer to one or more of the 
following: (a) an increase in the proliferation, growth, and/or 
differentiation of cells; (b) inhibition (i.e., slowing or stop 
ping) of cell death; (c) inhibition of degeneration; (d) 
relieving to Some extent one or more of the Symptoms 
associated with the abnormal condition; and (e) enhancing 
the function of the affected population of cells. Compounds 
demonstrating efficacy against abnormal conditions can be 
identified as described herein. 

0059) The term “abnormal condition” refers to a function 
in the cells or tissueS of an organism that deviates from their 
normal functions in that organism. An abnormal condition 
can relate to cell proliferation, cell differentiation, cell 
Signaling, or cell Survival. An abnormal condition may also 
include obesity, diabetic complications Such as retinal 
degeneration, and irregularities in glucose uptake and 
metabolism, and fatty acid uptake and metabolism. 

0060 Abnormal cell proliferative conditions, for 
example, include cancerS Such as fibrotic and mesangial 
disorders, abnormal angiogenesis and vasculogenesis, 
wound healing, psoriasis, diabetes mellitus and inflamma 
tion. 

0061 Abnormal differentiation conditions include, for 
example, neurodegenerative disorders, Slow wound healing 
rates and slow tissue grafting healing rates. 

0.062 Abnormal cell signaling conditions include, for 
example, psychiatric disorders involving exceSS neurotrans 
mitter activity. 

0.063 Abnormal cell Survival conditions may also relate 
to conditions in which programmed cell death (apoptosis) 
pathways are activated or abrogated. A number of protein 
kinases are associated with the apoptosis pathways. Aber 
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rations in the function of any one of the protein kinases 
could lead to cell immortality or premature cell death. 
0064. The term “administering relates to a method of 
incorporating a compound into cells or tissueS of an organ 
ism. The abnormal condition can be prevented or treated 
when the cells or tissueS of the organism exist within the 
organism or outside of the organism. Cells existing outside 
the organism can be maintained or grown in cell culture 
dishes. For cells harbored within the organism, many tech 
niques exist in the art to administer compounds, including 
(but not limited to) oral, parenteral, dermal, injection, and 
aeroSol applications. For cells outside of the organism, 
multiple techniques exist in the art to administer the com 
pounds, including (but not limited to) cell microinjection 
techniques, transformation techniques and carrier tech 
niques. 
0065. The abnormal condition can also be prevented or 
treated by administering a compound to a group of cells 
having an aberration in a signal transduction pathway to an 
organism. The effect of administering a compound on organ 
ism function can then be monitored. The organism is pref 
erably a mouse, rat, rabbit, guinea pig or goat, more pref 
erably a monkey or ape, and most preferably a human. 
0066 By “amplification' it is meant increased numbers 
of DNA or RNA in a cell compared with normal cells. 
“Amplification” as it refers to RNA can be the detectable 
presence of RNA in cells, Since in Some normal cells there 
is no basal expression of RNA. In other normal cells, a basal 
level of expression exists, therefore in these cases amplifi 
cation is the detection of at least 1-2-fold, and preferably 
more, compared to the basal level. 
0067. The amino acid sequences are presented in the 
amino to carboxy direction, from left to right. The amino and 
carboxy groups are not presented in the Sequence. The 
nucleotide Sequences are presented by Single Strand only, in 
the 5' to 3’ direction, from left to right. Nucleotides and 
amino acids are represented in the manner recommended by 
the IUPAC-IUB Biochemical Nomenclature Commission or 
(for amino acids) by three letters code. 
0068 Nucleic Acids 
0069 Genomic DNA of the invention comprises the 
protein-coding region for a polypeptide of the invention and 
is also intended to include allelic variants thereof It is widely 
understood that, for many genes, genomic DNA is tran 
Scribed into RNA transcripts that undergo one or more 
splicing events wherein intron (i.e., non-coding regions) of 
the transcripts are removed, or “spliced out.” RNA tran 
Scripts that can be spliced by alternative mechanisms, and 
therefore be subject to removal of different RNA sequences 
but still encode a Ngr polypeptide, are referred to in the art 
as Splice variants which are embraced by the invention. 
Splice variants comprehended by the invention therefore are 
encoded by the same original genomic DNA sequences but 
arise from distinct mRNA transcripts. Allelic variants are 
modified forms of a wild-type gene Sequence, the modifi 
cation resulting from recombination during chromosomal 
Segregation or exposure to conditions which give rise to 
genetic mutation. Allelic variants, like wild-type genes, are 
naturally occurring sequences (as opposed to non-naturally 
occurring variants arising from in vitro manipulation). 
0070 The invention also comprehends cDNA that is 
obtained through reverse transcription of an RNA polynucle 
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otide encoding NgR (conventionally followed by second 
Strand Synthesis of a complementary Strand to provide a 
double-stranded DNA). 
0071 Preferred DNA sequences encoding a human NgR 
polypeptide is set out in SEQ ID NOS:1 and 13. A preferred 
DNA of the invention comprises a double stranded molecule 
comprising the coding molecule (i.e., the “coding Strand’) 
along with the complementary molecule (the “non-coding 
Strand” or “complement”) having a sequence unambigu 
ously deducible from the coding Strand according to Watson 
Crick base-pairing rules for DNA. Also preferred are other 
polynucleotides encoding NgR polypeptides, as shown in 
SEQ ID NO:3, which comprises murine NgR homolog, 
NgR3. 

0.072 Also preferred are nucleotide sequences that 
encode at least a portion of a NgR polypeptide that has at 
least one biological function of a NgR. More preferred are 
nucleotide Sequences that encode a portion of NgR that 
encodes at least the mature NgR without the hydrophobic 
C-terminal GPI signal. Also preferred are nucleotide 
Sequences that encode the portion of NgR that encodes at 
least the ligand-binding region of Ngr. 

0073. The invention further embraces other species, pref 
erably mammalian, homologs of the human NgR DNA. 
Species homologs, Sometimes referred to as “orthologs,” in 
general, share at least 35%, at least 40%, at least 45%, at 
least 50%, at least 60%, at least 65%, at least 70%, at least 
75%, at least 80%, at least 85%, at least 90%, at least 95%, 
at least 98%, or at least 99% homology with human DNA of 
the invention. Generally, percent Sequence "homology' with 
respect to polynucleotides of the invention may be calcu 
lated as the percentage of nucleotide bases in the candidate 
Sequence that are identical to nucleotides in the NgR 
sequences set forth in SEQ ID NOS:1, 3 or 13, after aligning 
the Sequences and introducing gaps, if necessary, to achieve 
the maximum percent Sequence identity. 

0.074 The polynucleotide sequence information provided 
by the invention makes possible large-scale expression of 
the encoded polypeptide by techniques well known and 
routinely practiced in the art. Polynucleotides of the inven 
tion also permit identification and isolation of polynucle 
otides encoding related NgR polypeptides, Such as human 
allelic variants and Species homologs, by well-known tech 
niques including Southern and/or Northern hybridization, 
and polymerase chain reaction (PCR). Examples of related 
polynucleotides include human and non-human genomic 
Sequences, including allelic variants, as well as polynucle 
otides encoding polypeptides homologous to NgR and struc 
turally related polypeptides sharing one or more biological, 
immunological, and/or physical properties of NgR. Non 
human species genes encoding proteins homologous to NgR 
can also be identified by Southern and/or PCR analysis and 
are useful in animal models for NgR disorders. Knowledge 
of the sequence of a human NgR DNA also makes possible 
through use of Southern hybridization or polymerase chain 
reaction (PCR) the identification of genomic DNA 
Sequences encoding NgR expression control regulatory 
Sequences Such as promoters, operators, enhancers, repres 
Sors, and the like. Polynucleotides of the invention are also 
useful in hybridization assays to detect the capacity of cells 
to express NgR. Polynucleotides of the invention may also 
provide a basis for diagnostic methods useful for identifying 
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a genetic alteration(s) in a NgR locus that underlies a disease 
State or States, which information is useful both for diagnosis 
and for Selection of therapeutic Strategies. 

0075. The disclosure herein of a full-length polynucle 
otide encoding a NgR polypeptide makes readily available 
to the worker of ordinary skill in the art every possible 
fragment of the full-length polynucleotide. The invention, 
therefore, provides fragments of NgR-encoding polynucle 
otides comprising at least 6, and preferably at least 14, 16, 
18, 20, 25, 50, or 75 consecutive nucleotides of a polynucle 
otide encoding NgR. Preferably, fragments of polynucle 
otides of the invention comprise Sequences unique to the 
NgR-encoding polynucleotide Sequence, and therefore 
hybridize under highly Stringent or moderately Stringent 
conditions only (i.e., "specifically”) to polynucleotides 
encoding NgR (or fragments thereof). Polynucleotide frag 
ments of genomic Sequences of the invention comprise not 
only Sequences unique to the coding region, but also include 
fragments of the full-length Sequence derived from introns, 
regulatory regions, and/or other non-translated Sequences. 
Sequences unique to polynucleotides of the invention are 
recognizable through Sequence comparison to other known 
polynucleotides, and can be identified through use of align 
ment programs routinely utilized in the art, e.g., those made 
available in public Sequence databases. Such Sequences also 
are recognizable from Southern hybridization analyses to 
determine the number of fragments of genomic DNA to 
which a polynucleotide will hybridize. Polynucleotides of 
the invention can be labeled in a manner that permits their 
detection, including radioactive, fluorescent and enzymatic 
labeling. 

0076 Fragments of polynucleotides are particularly use 
ful as probes for detection of full-length or fragment of NgR 
polynucleotides. One or more polynucleotides can be 
included in kits that are used to detect the presence of a 
polynucleotide encoding NgR, or used to detect variations in 
a polynucleotide Sequence encoding NgR. 

0077. The invention also embraces DNAS encoding NgR 
polypeptides that hybridize under moderately Stringent or 
high Stringency conditions to the noncoding Strand, or 
complement, of the polynucleotide in any of SEQ ID NOS:1 
or 3. 

0078 Stringent conditions are known to those skilled in 
the art and can be found in CURRENT PROTOCOLS IN 
MOLECULAR BIOLOGY, John Wiley & Sons, N.Y. 
(1989), 6.3. 126.3.6. Preferably, the conditions are such that 
sequences at least about 65%, 70%, 75%, 85%, 90%, 95%, 
98% or 99% homologous to each other typically remain 
hybridized to each other. A non-limiting example of Strin 
gent hybridization conditions hybridization in a high Salt 
buffer comprising 6x SSC, 50 mM Tris-HCl (pH 7.5), 1 mM 
EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA and 500 
mg/ml denatured salmon sperm DNA at 65 C. This hybrid 
ization is followed by one or more washes in 0.2x SSC, 
0.01% BSA at 50° C. An isolated nucleic acid molecule of 
the invention that hybridizes under Stringent conditions to 
the sequence of SEQ ID NOS:1 or 3 corresponds to a 
naturally occurring nucleic acid molecule. AS used herein, a 
“naturally-occurring nucleic acid molecule refers to an 
RNA or DNA molecule having a nucleotide sequence that 
occurs in nature (e.g., encodes a natural protein). AS used 
herein, “stringent hybridization conditions” means: 42C. in 
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a hybridization solution comprising 50% formamide, 1% 
SDS, 1 M NaCl, 10% (wt/vol) dextran sulfate, and washing 
twice for 30 minutes at 60° C. in a wash solution comprising 
0.1X SSC and 1% SDS. 

0079 Vectors 
0080. Another aspect of the present invention is directed 
to vectors, or recombinant expression vectors, comprising 
any of the nucleic acid molecules described above. Vectors 
are used herein either to amplify DNA or RNA encoding 
NgR and/or to express DNA which encodes NgR. As used 
herein, the term “vector” refers to a nucleic acid molecule 
capable of transporting another nucleic acid to which it has 
been linked. One type of vector is a “plasmid', which refers 
to a circular double stranded DNA loop into which addi 
tional DNA segments can be ligated. Another type of Vector 
is a viral vector, wherein additional DNA segments can be 
ligated into the viral genome. Certain vectors are capable of 
autonomous replication in a host cell into which they are 
introduced (e.g., bacterial vectors having a bacterial origin 
of replication and episomal mammalian vectors). Other 
vectors (e.g., non-episomal mammalian vectors) are inte 
grated into the genome of a host cell upon introduction into 
the host cell, and thereby are replicated along with the host 
genome. Moreover, certain vectors are capable of directing 
the expression of genes to which they are operatively linked. 
Such vectors are referred to herein as “expression vectors'. 
In general, expression vectors of utility in recombinant DNA 
techniques are often in the form of plasmids. In the present 
Specification, "plasmid' and “vector' can be used inter 
changeably as the plasmid is the most commonly used form 
of vector. However, the invention is intended to include Such 
other forms of expression vectors, Such as viral vectors (e.g., 
replication defective retroviruses, adenoviruses and adeno 
associated viruses), that serve equivalent functions. 
0.081 Expression of proteins in prokaryotes is most often 
carried out in E. coli with vectors containing constitutive or 
inducible promoters directing the expression of either fusion 
or non-fusion proteins. Fusion vectors add a number of 
amino acids to a protein encoded therein, usually to the 
amino terminus of the recombinant protein. Such fusion 
vectors typically serve three purposes: (1) to increase 
expression of recombinant protein; (2) to increase the Solu 
bility of the recombinant protein; and (3) to aid in the 
purification of the recombinant protein by acting as a ligand 
in affinity purification. Often, in fusion expression vectors, 
a proteolytic cleavage Site is introduced at the junction of the 
fusion moiety and the recombinant protein to enable Sepa 
ration of the recombinant protein from the fusion moiety 
Subsequent to purification of the fusion protein. Such 
enzymes, and their cognate recognition Sequences, include 
Factor Xa, thrombin and enterokinase. Typical fusion 
expression vectors include pGEX (Pharmacia Biotech Inc; 
Smith and Johnson (1988) Gene 67, 31-40), pMAL (New 
England Biolabs, Beverly, Mass.) and pRIT5 (Pharmacia, 
Piscataway, N.J.) that fuse glutathione-S-transferase (GST), 
maltose E binding protein, or protein A, respectively, to the 
target recombinant protein. 

0082) Examples of suitable inducible non-fusion E. coli 
expression vectors include pTrc (Amrann et al., (1988) Gene 
69, 301-315) and pET 11d (Studier et al., GENE EXPRES 
SION TECHNOLOGY: METHODS IN ENZYMOLOGY 
185, Academic Press, San Diego, Calif. (1990) 60-89). 
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0083) One strategy to maximize recombinant protein 
expression in E. coil is to express the protein in host bacteria 
with an impaired capacity to proteolytically cleave the 
recombinant protein. See, Gottesman, GENE EXPRES 
SION TECHNOLOGY: METHODS IN ENZYMOLOGY 
185, Academic Press, San Diego, Calif. (1990) 119-128. 
Another Strategy is to alter the nucleic acid Sequence of the 
nucleic acid to be inserted into an expression vector So that 
the individual codons for each amino acid are those prefer 
entially utilized in E. coil (Wada et al., (1992) Nucleic Acids 
Res. 20, 2111-2118). Such alteration of nucleic acid 
Sequences of the invention can be carried out by Standard 
DNA synthesis techniques. 

0084. In another embodiment, the NgR expression vector 
is a yeast expression vector. Examples of vectors for expres 
Sion in yeast S. cerevisiae include pYepSec1 (Baldari, et al., 
(1987) EMBO.J. 6, 229-234), pMFa (Kurjan and Herskowitz 
(1982) Cell 30, 933-943), p.JRY88 (Schultz et al., (1987) 
Gene 54, 113-123), pYES2 (Invitrogen Corporation, San 
Diego, Calif.), and picz (Invitrogen Corp, San Diego, 
Calif.). 
0085 Alternatively, NgR can be expressed in insect cells 
using baculovirus expression vectors. Baculovirus vectors 
available for expression of proteins in cultured insect cells 
(e.g., SF9 cells) include the pAc series (Smith et al., (1983) 
Mol. Cell. Biol. 3, 2156-2165) and the pVL series (Lucklow 
and Summers (1989) Virology 170, 31–39). 
0086. In yet another embodiment, a nucleic acid of the 
invention is expressed in mammalian cells using a mamma 
lian expression vector. Examples of mammalian expression 
vectors include pCDM8 (Seed (1987) Nature 329,840) and 
pMT2PC (Kaufman et al. (1987) EMBO J. 6, 187-195). 
When used in mammalian cells, the expression vector's 
control functions are often provided by viral regulatory 
elements. For example, commonly used promoters are 
derived from polyoma, adenovirus 2, cytomegalovirus and 
Simian Virus 40. For other suitable expression systems for 
both prokaryotic and eukaryotic cells. See, e.g., Chapters 16 
and 17 of Sambrook et al., (Eds.) MOLECULAR CLON 
ING: A LABORATORY MANUAL. 2" Ed., Cold Spring 
Harbor Laboratory, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, N.Y., 1989. 

0087. In another embodiment, the recombinant mamma 
lian expression vector is capable of directing expression of 
the nucleic acid preferentially in a particular cell type (e.g., 
tissue-specific regulatory elements are used to express the 
nucleic acid). Tissue-specific regulatory elements are known 
in the art. Non-limiting examples of Suitable tissue-specific 
promoters include the albumin promoter (liver-specific; 
Pinkert et al. (1987) Genes Dev. 1, 268-277), lymphoid 
specific promoters (Calame and Eaton (1988) Adv. Immunol. 
43, 235-275), in particular promoters of T cell receptors 
(Winoto and Baltimore (1989) EMBO J. 8, 729-733) and 
immunoglobulins (Banerji et al. (1983) Cell 33, 729-740; 
Queen and Baltimore (1983) Cell 33, 741-748), neuron 
Specific promoters (e.g., the neurofilament promoter; Byrne 
and Ruddle (1989) Proc. Natl. Acad. Sci. USA 86, 5473 
5477), pancreas-specific promoters (Edlund et al. (1985) 
Science 230, 912-916), and mammary gland-specific pro 
moters (e.g., milk whey promoter; U.S. Pat. No. 4,873,316 
and European Application Publication No. 264,166). Devel 
opmentally-regulated promoters are also encompassed, e.g., 
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the murine hox promoters (Kessel and Gruss (1990) Science 
249,374-379) and the C-fetoprotein promoter (Campes and 
Tilghman (1989) Genes Dev. 3, 537-546). 
0088. The invention further provides a recombinant 
expression vector comprising a DNA molecule of the inven 
tion cloned into the expression vector in an antisense ori 
entation. That is, the DNA molecule is operatively linked to 
a regulatory Sequence in a manner that allows for expression 
(by transcription of the DNA molecule) of an RNA molecule 
that is antisense NgR mRNA. Regulatory Sequences opera 
tively linked to a nucleic acid cloned in the antisense 
orientation can be chosen that direct the continuous expres 
Sion of the antisense RNA molecule in a variety of cell types, 
for instance viral promoters and/or enhancers, or regulatory 
Sequences can be chosen that direct constitutive, tissue 
Specific or cell-type-specific expression of antisense RNA. 
The antisense expression vector can be in the form of a 
recombinant plasmid, phagemidor attenuated virus in which 
antisense nucleic acids are produced under the control of a 
high efficiency regulatory region, the activity of which can 
be determined by the cell type into which the vector is 
introduced. For a discussion of the regulation of gene 
expression using antisense genes See Weintraub et al., Anti 
Sense RNA as a molecular tool for genetic analysis, 
REVIEWS TRENDS IN GENETICS, Vol. 1(1) 1986. 
0089 Preferred vectors include, but are not limited to, 
plasmids, phages, cosmids, episomes, viral particles or 
viruses and integratable DNA fragments (i.e., fragments 
integratable into the host genome by homologous recombi 
nation). Preferred viral particles include, but are not limited 
to, adenoviruses, baculoviruses, parvoviruses, herpesvi 
ruses, poxviruses, adeno-associated viruses, Semliki Forest 
Viruses, vaccinia viruses and retroviruses. Preferred expres 
sion vectors include, but are not limited to, pcDNA3 (Invit 
rogen) and pSVL (Pharmacia Biotech). Other expression 
vectors include, but are not limited to, pSPORTTM vectors, 
pGEMTM vectors (Promega), pPROEXvectorsTM (LTI, 
Bethesda, Md.), BluescriptTM vectors (Stratagene), pCETM 
vectors (Qiagen), pSE420TM (Invitrogen) and 
pYES2TM (Invitrogen). 
0090 Preferred expression vectors are replicable DNA 
constructs in which a DNA sequence encoding NgR is 
operably linked or connected to Suitable control Sequences 
capable of effecting the expression of the NgR in a Suitable 
host. DNA regions are operably linked or connected when 
they are functionally related to each other. For example, a 
promoter is operably linked or connected to a coding 
Sequence if it controls the transcription of the Sequence. 
Amplification vectors do not require expression control 
domains, but rather need only the ability to replicate in a 
host, usually conferred by an origin of replication, and a 
Selection gene to facilitate recognition of transformants. The 
need for control Sequences in the expression vector will vary 
depending upon the host Selected and the transformation 
method chosen. Generally, control Sequences include, but 
are not limited to a transcriptional promoter, enhancers, an 
optional operator Sequence to control transcription, polyade 
nylation Signals, a Sequence encoding Suitable mRNA ribo 
Somal binding and Sequences which control the termination 
of transcription and translation. Such regulatory Sequences 
are described, for example, in Goeddel, GENE EXPRES 
SION TECHNOLOGY: METHODS IN ENZYMOLOGY 
185, Academic Press, San Diego, Calif. (1990). Regulatory 
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Sequences include those that direct constitutive expression 
of a nucleotide Sequence in many types of host cell and those 
that direct expression of the nucleotide Sequence only in 
certain host cells (e.g., tissue-specific regulatory Sequences). 
It will be appreciated by those skilled in the art that the 
design of the expression vector can depend on Such factors 
as the choice of the host cell to be transformed, the level of 
expression of protein desired, etc. The expression vectors of 
the invention can be introduced into host cells to thereby 
produce proteins or peptides, including fusion proteins or 
peptides, encoded by nucleic acids as described herein (e.g., 
NgR proteins, mutant forms of NgR, fusion proteins, etc.). 
0091 Preferred vectors preferably contain a promoter 
that is recognized by the host organism. The promoter 
Sequences of the present invention may be prokaryotic, 
eukaryotic or viral. Examples of Suitable prokaryotic 
sequences include the PR and PL promoters of bacterioph 
age lambda (THE BACTERIOPHAGE LAMBDA, Her 
shey, A. D. (Ed.), Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, N.Y. (1973), which is incorporated 
herein by reference in its entirety; LAMBDA II, Hendrix, R. 
W. (Ed.), Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, N.Y. (1980), which is incorporated herein by refer 
ence in its entirety); the trp, recA, heat shock, and lac7. 
promoters of E. coli and the SV40 early promoter (Benoist 
et al., (1981) Nature 290, 304-310, which is incorporated 
herein by reference in its entirety). Additional promoters 
include, but are not limited to, mouse mammary tumor virus, 
long terminal repeat of human immunodeficiency virus, 
maloney virus, cytomegalovirus immediate early promoter, 
Epstein Barr virus, Rous Sarcoma virus, human actin, human 
myosin, human hemoglobin, human muscle creatine and 
human metallothionein. 

0092 Additional regulatory sequences can also be 
included in preferred vectors. Preferred examples of suitable 
regulatory Sequences are represented by the Shine-Dalgarno 
Sequence of the replicase gene of the phage MS-2 and of the 
gene cII of bacteriophage lambda. The Shine-Dalgarno 
sequence may be directly followed by DNA encoding NgR 
and result in the expression of the mature NgR protein. 
0093 Moreover, suitable expression vectors can include 
an appropriate marker that allows the Screening of the 
transformed host cells. The transformation of the selected 
host is carried out using any one of the various techniques 
well known to the expert in the art and described in 
Sambrook et al., Supra. 
0094. An origin of replication can also be provided either 
by construction of the vector to include an exogenous origin 
or may be provided by the host cell chromosomal replication 
mechanism. If the vector is integrated into the host cell 
chromosome, the latter may be Sufficient. Alternatively, 
rather than using vectors which contain viral origins of 
replication, one skilled in the art can transform mammalian 
cells by the method of co-transformation with a selectable 
marker and NgR DNA. An example of a suitable marker is 
dihydrofolate reductase (DHFR) or thymidine kinase (see, 
U.S. Pat. No. 4,399.216). 
0095 Nucleotide sequences encoding NgR may be 
recombined with vector DNA in accordance with conven 
tional techniques, including blunt-ended or Staggered-ended 
termini for ligation, restriction enzyme digestion to provide 
appropriate termini, filling in of cohesive ends as appropri 
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ate, alkaline phosphatase treatment to avoid undesirable 
joining and ligation with appropriate ligases. Techniques for 
Such manipulation are disclosed by Sambrook et al., Supra 
and are well known in the art. Methods for construction of 
mammalian expression vectors are disclosed in, for 
example, Okayama et al., (1983) Mol. Cell. Biol. 3:280, 
Cosman et al. (1986) Mol. Immunol. 23:935, Cosman et al., 
(1984) Nature 312:768, EP-A-0367566, and WO 91/18982, 
each of which is incorporated herein by reference in its 
entirety. 

0096) Host Cells and Transformed Host Cells 
0097 According to another aspect of the invention, host 
cells are provided, including prokaryotic and eukaryotic 
cells, comprising a polynucleotide of the invention (or 
vector of the invention) in a manner that permits expression 
of the encoded NgR polypeptide. Preferably, the cell pro 
duces little or no endogenous NgR polypeptide. Polynucle 
otides of the invention may be introduced into the host cell 
as part of a circular plasmid, or as linear DNA comprising 
an isolated protein coding region or a viral vector. Methods 
for introducing DNA into the host cell that are well known 
and routinely practiced in the art include transformation, 
transfection, electroporation, nuclear injection, or fusion 
with carrierS Such as liposomes, micelles, ghost cells and 
protoplasts. Expression Systems of the invention include 
bacterial, yeast, fungal, plant, insect, invertebrate, vertebrate 
and mammalian cells Systems. 

0.098 Host cells of the invention are a valuable source of 
immunogen for development of antibodies specifically 
immunoreactive with NgR. Host cells of the invention are 
also useful in methods for the large-scale production of NgR 
polypeptides wherein the cells are grown in a Suitable 
culture medium and the desired polypeptide products are 
isolated from the cells, or from the medium in which the 
cells are grown, by purification methods known in the art, 
e.g., conventional chromatographic methods including 
immunoaffinity chromatography, receptor affinity chroma 
tography, hydrophobic interaction chromatography, lectin 
affinity chromatography, Size exclusion filtration, cation or 
anion eXchange chromatography, high pressure liquid chro 
matography (HPLC), reverse phase HPLC, and the like. Still 
other methods of purification include those methods wherein 
the desired protein is expressed and purified as a fusion 
protein having a specific tag, label or chelating moiety that 
is recognized by a Specific binding partner or agent. The 
purified protein can be cleaved to yield the desired protein, 
or can be left as an intact fusion protein. Cleavage of the 
fusion component may produce a form of the desired protein 
having additional amino acid residues as a result of the 
cleavage process. 

0099 Knowledge of NgR DNA sequences allows for 
modification of cells to permit, or increase, expression of 
endogenous NgR. Cells can be modified (e.g., by homolo 
gous recombination) to provide increased expression by 
replacing, in whole or in part, the naturally occurring NgR 
promoter with all or part of a heterologous promoter So that 
the cells express NgR at higher levels. The heterologous 
promoter is inserted in Such a manner that it is operatively 
linked to endogenous NgR encoding sequences. (See, for 
example, PCT International Publication No. WO94/12650, 
PCT International Publication No. WO92/20808, and PCT 
International Publication No. WO 91/09955.) It is also 
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contemplated that, in addition to heterologous promoter 
DNA, amplifiable marker DNA (e.g., ada, dhfr, and the 
multifunctional CAD gene which encodes carbamoyl phos 
phate Synthase, aspartate transcarbamylase, and dihydrooro 
tase) and/or intron DNA may be inserted along with the 
heterologous promoter DNA. If linked to the NgR coding 
Sequence, amplification of the marker DNA by Standard 
Selection methods results in co-amplification of the NgR 
coding Sequences in the cells. 
0100. The DNA sequence information provided by the 
present invention also makes possible the development (e.g., 
by homologous recombination or "knock-Out' strategies, 
see Capecchi, Science 244:1288-1292 (1989)) of animals 
that fail to express functional NgR or that express a variant 
of NgR. Such animals (especially small laboratory animals 
Such as rats, rabbits and mice) are useful as models for 
studying the in vivo activities of NgR and modulators of 
NgR. 

0101 Suitable host cells for expression of the polypep 
tides of the invention include, but are not limited to, prokary 
otes, yeast, and eukaryotes. If a prokaryotic expression 
vector is employed, then the appropriate host cell would be 
any prokaryotic cell capable of expressing the cloned 
Sequences. Suitable prokaryotic cells include, but are not 
limited to, bacteria of the genera Escherichia, Bacillus, 
Salmonella, Pseudomonas, Streptomyces and Staphylococ 
CS. 

0102) If a eukaryotic expression vector is employed, then 
the appropriate host cell would be any eukaryotic cell 
capable of expressing the cloned Sequence. Preferably, 
eukaryotic cells are cells of higher eukaryotes. Suitable 
eukaryotic cells include, but are not limited to, non-human 
mammalian tissue culture cells and human tissue culture 
cells. Preferred host cells include, but are not limited to, 
insect cells, HeLa cells, Chinese hamster ovary cells (CHO 
cells), African green monkey kidney cells (COS cells), 
human 293 cells, and murine 3T3 fibroblasts. Propagation of 
Such cells in cell culture has become a routine procedure 
(see, Tissue Culture, Academic Press, Kruse and Patterson, 
Eds. (1973), which is incorporated herein by reference in its 
entirety). 
0103) In addition, a yeast cell may be employed as a host 
cell. Preferred yeast cells include, but are not limited to, the 
genera Saccharomyces, Pichia and Kluveromyces. Preferred 
yeast hosts are S. cerevisiae and P. pastoris. Preferred yeast 
vectors can contain an origin of replication Sequence from a 
2T yeast plasmid, an autonomously replication Sequence 
(ARS), a promoter region, Sequences for polyadenylation, 
Sequences for transcription termination and a Selectable 
marker gene. Shuttle Vectors for replication in both yeast and 
E. coli are also included herein. 

0104. Alternatively, insect cells may be used as host cells. 
In a preferred embodiment, the polypeptides of the invention 
are expressed using a baculovirus expression System (see, 
Luckow et al., Bio/Technology, 1988, 6, 47; BACULOVI 
RUS EXPRESSION VECTORS: A LABORATORY 
MANUAL, ORielly et al. (Eds.), W.H. Freeman and Com 
pany, New York, 1992; and U.S. Pat. No. 4,879,236, each of 
which is incorporated herein by reference in its entirety). In 
addition, the MAXBACTM complete baculovirus expression 
System (Invitrogen) can, for example, be used for production 
in insect cells. 
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0105 Suitable host cells are discussed further in Goed 
del, GENE EXPRESSION TECHNOLOGY: METHODS 
IN ENZYMOLOGY 185, Academic Press, San Diego, 
Calif. (1990). Alternatively, the recombinant expression 
vector can be transcribed and translated in vitro, for example 
using T7 promoter regulatory Sequences and T7 polymerase. 

0106 Vector DNA can be introduced into prokaryotic or 
eukaryotic cells via conventional transformation or trans 
fection techniques. AS used herein, the terms “transforma 
tion” and “transfection” are intended to refer to a variety of 
art-recognized techniques for introducing foreign nucleic 
acid (e.g., DNA) into a host cell, including calcium phos 
phate or calcium chloride co-precipitation, DEAE-deXtran 
mediated transfection, lipofection, or electroporation. Suit 
able methods for transforming or transfecting host cells can 
be found in Sambrook, et al. (MOLECULAR CLONING: A 
LABORATORY MANUAL. 2nd ed., Cold Spring Harbor 
Laboratory, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y., 1989), and other laboratory manuals. 
0107 For stable transfection of mammalian cells, it is 
known that, depending upon the expression vector and 
transfection technique used, only a Small fraction of cells 
may integrate the foreign DNA into their genome. In order 
to identify and Select these integrants, a gene that encodes a 
Selectable marker (e.g., resistance to antibiotics) is generally 
introduced into the host cells along with the gene of interest. 
Various Selectable markers include those that confer resis 
tance to drugs, Such as G418, hygromycin, dihydrofolate 
reductase (DHFR) and methotrexate. Nucleic acid encoding 
a selectable marker can be introduced into a host cell on the 
Same vector as that encoding NgR or can be introduced on 
a separate vector. Cells Stably transfected with the intro 
duced nucleic acid can be identified by drug Selection (e.g., 
cells that have incorporated the Selectable marker gene will 
survive, while the other cells die). 
0108. In a preferred embodiment, the polypeptides of the 
invention, including forms of NgR2 and NgR3, soluble 
forms of NgR, chimeric NgR polypeptides, NgR/Ig fusions 
and fragments and variations of each of the above are 
expressed in Chinese Hamster Ovary (CHO) cells. 
0109. In order to introduce the DNA fragment coding for 
the NgR protein or polypeptide into the CHO cell to express 
the recombinant NgR protein or polypeptide, it is necessary 
to construct the expression vector. 
0110. The vectors for CHO expression include, but are 
not limited to, pa1-11, pXT1, pRc/CMV, pRc/RSV and 
pcDNAINeo. The promoter is not specifically limited pro 
vided it effectively promotes expression in CHO cells. 
Examples of suitable promoters are: SRO, SV40, LTR, 
CMV, and HSV-TK. Of these, CMV and Src. promoters are 
preferred. 

0111. In addition to the above-mentioned promoters, the 
expression vectors may contain enhancers, Splicing Signals, 
polyadenylation signals, Selectable markers and an SV40 
replication origin. Suitable Selectable markers include, but 
are not limited to the dihydrofolate reductase (DHFR) gene 
which provides resistance to methotrexate (MTX), the ampi 
cillin resistance gene, and the neomycin resistance gene. 
0112 Examples of the expression vectors each contain 
ing the DNA coding for NgR, portions, fragments and 
Soluble constructs thereof, include the vector (Such as one 
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described above), into which the promoter is operably linked 
(preferably upstream) to the nucleotide sequence encoding 
the desired NgR construct; a polyadenylation signal down 
Stream from the nucleotide Sequence encoding the NgR 
construct; and, preferably, the vector includes an operable 
DHFR gene. Preferably, the ampicillin resistant gene is also 
operably contained in the vector. 
0113 CHO cell lacking the DHFR gene (Urlaub, G. et al., 
(1980) Proc. Natl. Acad. Sci. USA 77, 4216-4220) and 
CHO-K1 (Proc. Natl. Acad. Sci. USA 60, 1275 (1968)) are 
Suitable for use. 

0114. The NgR expression vectors prepared as above are 
introduced into CHO cells by any known method, including, 
but not limited to the calcium phosphate method (Graham 
and van der Eb (1973) Virol 52, 456-467) and electropora 
tion (Nuemann et al., (1982) EMBO J. 1, 841-845). 
0115 Transformants carrying the expression vectors are 
Selected based on the above-mentioned Selectable markers. 
Repeated clonal Selection of the transformants using the 
Selectable markers allows Selection of Stable cell lines 
having high expression of the NgR constructs. Increased 
MTX concentrations in the Selection medium allows gene 
amplification and greater expression of the desired protein. 
The CHO cell containing the recombinant NgR can be 
produced by cultivating the CHO cells containing the NR 
expression vectors constitutively expressing the NgR con 
StructS. 

0116. Media used in cultivating CHO cells includes 
DMEM medium supplemented with about 0.5 to 20% fetal 
calf serum, DMEM medium and RPMI1640 medium. The 
pH of the medium is preferably about 6 to 8. Cultivation is 
preferably at about 30 to 40° C. for about 15 to 72 hours with 
aeration. 

0117. A host cell of the invention, such as a prokaryotic 
or eukaryotic host cell in culture, can be used to produce 
(i.e., express) NgR protein. Accordingly, the invention fur 
ther provides methods for producing NgR protein using the 
host cells of the invention. In one embodiment, the method 
comprises culturing the host cell of invention (into which a 
recombinant expression vector encoding NgR has been 
introduced) in a Suitable medium Such that NgR protein is 
produced. In another embodiment, the method further com 
prises isolating NgR from the medium or the host cell. 
0118. In situations where the NgR polypeptide will be 
found primarily intracellularly, intracellular material 
(including inclusion bodies for Gram-negative bacteria) can 
be extracted from the host cell using any Standard technique 
known to one of ordinary skill in the art. Such methods 
would encompass, by way of example and not by way of 
limitation, lysing the host cells to release the contents of the 
periplasm/cytoplasm by French press, homogenization and/ 
or Sonication followed by centrifugation. 
0119) If the NgR polypeptide has formed inclusion bodies 
in the cytosol, Such inclusion bodies may frequently bind to 
the inner and/or outer cellular membranes. Upon centrifu 
gation, the inclusion bodies will be found primarily in the 
pellet material. The pellet material can then be treated at pH 
extremes or with one or more chaotropic agents Such as a 
detergent, guanidine, guanidine derivatives, urea, or urea 
derivatives in the presence of a reducing agent Such as 
dithiothreitol at alkaline pH or tris-carboxyethyl phosphine 
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at acid pH to release, break apart and Solubilize the inclusion 
bodies. Once Solubilized, NgR polypeptide can be analyzed 
using gel electrophoresis, immunoprecipitation or the like. 
Various methods of isolating the NgR polypeptide would be 
apparent to one of ordinary skill in the art, for example, 
isolation may be accomplished using Standard methods Such 
as those set forth below and in Marston et al (1990) Meth. 
Enzymol. 182, 264-275 (incorporated by reference herein in 
its entirety). 
0120) If isolated NgR polypeptide is not biologically 
active following the isolation procedure employed, various 
methods for “refolding” or converting the polypeptide to its 
tertiary Structure and generating disulfide linkages, can be 
used to restore biological activity. Methods known to one of 
ordinary skill in the art include adjusting the pH of the 
solubilized polypeptide to a pH usually above 7 and in the 
presence of a particular concentration of a chaotrope. The 
Selection of chaotrope is very similar to the choices used for 
inclusion body Solubilization but usually at a lower concen 
tration and is not necessarily the Same chaotrope as used for 
the Solubilization. It may be required to employ a reducing 
agent or the reducing agent plus its oxidized form in a 
Specific ratio, to generate a particular redox potential allow 
ing for disulfide shuffling to occur in the formation of the 
protein's cysteine bridge(s). Some of the commonly used 
redox couples include cysteine/cystamine, glutathione 
(GSH)/dithiobis GSH, cupric chloride, dithiothreitol (DTT)/ 
dithiane DTT, 2-mercaptoethanol (bME)/dithio-b(ME). To 
increase the efficiency of the refolding, it may be necessary 
to employ a coSolvent, Such as glycerol, polyethylene glycol 
of various molecular weights and arginine. 
0121 Transgenic Animals 
0122) The host cells of the invention can also be used to 
produce non-human transgenic animals. For example, in one 
embodiment, a host cell of the invention is a fertilized 
oocyte or an embryonic Stem cell into which NgR-coding 
Sequences have been introduced. Such host cells can then be 
used to create non-human transgenic animals in which 
exogenous Ngr Sequences have been introduced into their 
genome or homologous recombinant animals in which 
endogenous NgR Sequences have been altered. Such animals 
are useful for studying the function and/or activity of NgR 
and for identifying and/or evaluating modulators of NgR 
activity. AS used herein, a “transgenic animal' is a non 
human animal, preferably a mammal, more preferably a 
rodent Such as a rat or mouse, in which one or more of the 
cells of the animal includes a transgene. Other examples of 
transgenic animals include non-human primates, sheep, 
dogs, cows, goats, chickens, amphibians, etc. A transgene is 
exogenous DNA that is integrated into the genome of a cell 
from which a transgenic animal developS and that remains in 
the genome of the mature animal, thereby directing the 
expression of an encoded gene product in one or more cell 
types or tissueS of the transgenic animal. AS used herein, a 
“homologous recombinant animal' is a non-human animal, 
preferably a mammal, more preferably a mouse, in which an 
endogenous NgR gene has been altered by homologous 
recombination between the endogenous gene and an exog 
enous DNA molecule introduced into a cell of the animal, 
e.g., an embryonic cell of the animal, prior to development 
of the animal. 

0123. A transgenic animal of the invention can be created 
by introducing NgR-encoding nucleic acid into the male 
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pronuclei of a fertilized oocyte, e.g., by microinjection, 
retroviral infection, and allowing the oocyte to develop in a 
pseudopregnant female foster animal. The human NgR DNA 
sequence of SEQ ID NOS:1 or 3 can be introduced as a 
transgene into the genome of a non-human animal. Alter 
natively, a nonhuman homolog of the human NgR gene, 
Such as a mouse NgR gene, can be isolated based on 
hybridization to the human NgR cDNA (described further 
above) and used as a transgene. Intronic sequences and 
polyadenylation signals can also be included in the trans 
gene to increase the efficiency of expression of the trans 
gene. A tissue-specific regulatory Sequence(s) can be oper 
ably linked to the NgR transgene to direct expression of NgR 
protein to particular cells. Methods for generating transgenic 
animals via embryo manipulation and microinjection, par 
ticularly animals Such as mice, have become conventional in 
the art and are described, for example, in U.S. Pat. Nos. 
4,736,866; 4,870,009; and 4,873,191; and Hogan 1986, in 
MANIPULATING THE MOUSE EMBRYO, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, N.Y. Similar 
methods are used for production of other transgenic animals. 
A transgenic founder animal can be identified based upon 
the presence of the NgR transgene in its genome and/or 
expression of NgR mRNA in tissues or cells of the animals. 
A transgenic founder animal can then be used to breed 
additional animals carrying the transgene. Moreover, trans 
genic animals carrying a transgene encoding NgR can 
further be bred to other transgenic animals carrying other 
transgeneS. 
0.124. To create a homologous recombinant animal, a 
vector is prepared which contains at least a portion of a NgR 
gene into which a deletion, addition or Substitution has been 
introduced to thereby alter, e.g., functionally disrupt, the 
NgR gene. The NgR gene can be a human gene (e.g., SEQ 
ID NOS:1 or 13), but more preferably, is a non-human 
homolog of a human NgR gene. For example, a mouse 
homolog of human NgR gene of SEQ ID NOS:1 or 13 can 
be used to construct a homologous recombination vector 
Suitable for altering an endogenous NgR gene in the mouse 
genome. In one embodiment, the vector is designed Such 
that, upon homologous recombination, the endogenous NgR 
gene is functionally disrupted (i.e., no longer encodes a 
functional protein; also referred to as a “knock out vector). 
0.125. Alternatively, the vector can be designed such that, 
upon homologous recombination, the endogenous NgR gene 
is mutated or otherwise altered but still encodes functional 
protein (e.g., the upstream regulatory region can be altered 
to thereby alter the expression of the endogenous NgR 
protein). In the homologous recombination vector, the 
altered portion of the NgR gene is flanked at its 5' and 3' ends 
by additional nucleic acid of the NgR gene to allow for 
homologous recombination to occur between the exogenous 
NgR gene carried by the vector and an endogenous NgR 
gene in an embryonic Stem cell. The additional flanking NgR 
nucleic acid is of Sufficient length for Successful homolo 
gous recombination with the endogenous gene. Typically, 
several kilobases of flanking DNA (both at the 5' and 3' ends) 
are included in the vector. See e.g., Thomas et al. (1987) Cell 
51:503 for a description of homologous recombination vec 
tors. The vector is introduced into an embryonic Stem cell 
line (e.g., by electroporation) and cells in which the intro 
duced NgR gene has homologously recombined with the 
endogenous NgR gene are selected (see e.g., Li et al. (1992) 
Cell 69:915). 
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0.126 The selected cells are then injected into a blastocyst 
of an animal (e.g., a mouse) to form aggregation chimeras. 
See e.g., Bradley 1987, In: TERATOCARCINOMAS AND 
EMBRYONIC STEM CELLS: A Practical Approach, Rob 
ertson, ed. IRL, Oxford, pp. 113-152. A chimeric embryo 
can then be implanted into a Suitable pseudopregnant female 
foster animal and the embryo brought to term. Progeny 
harboring the homologously recombined DNA in their germ 
cells can be used to breed animals in which all cells of the 
animal contain the homologously recombined DNA by 
germline transmission of the transgene. Methods for con 
Structing homologous recombination vectors and homolo 
gous recombinant animals are described further in Bradley 
(1991) Curr. Opin. Biotechnol. 2:823-829; PCT Interna 
tional Publication Nos.: WO 90/11354, WO 91/011.40; WO 
92/0968; and WO 93/04169. 

0127. In another embodiment, transgenic non-humans 
animals can be produced that contain Selected Systems that 
allow for regulated expression of the transgene. One 
example of Such a System is the cre/loxP recombinase 
system of bacteriophage P1. For a description of the cre/loxP 
recombinase System, See, e.g., LakSo et al. (1992) PrOc. 
Natl. Acad. Sci. USA 89:6232-6236. Another example of a 
recombinase system is the FLP recombinase system of 
Saccharomyces cerevisiae (O'Gorman et al. (1991) Science 
251:1351-1355. If a cre/loxP recombinase system is used to 
regulate expression of the transgene, animals containing 
transgenes encoding both the Cre recombinase and a 
Selected protein are required. Such animals can be provided 
through the construction of "double” transgenic animals, 
e.g., by mating two transgenic animals, one containing a 
transgene encoding a Selected protein and the other contain 
ing a transgene encoding a recombinase. 

0128 Clones of the non-human transgenic animals 
described herein can also be produced according to the 
methods described in Wilmut et al. (1997) Nature 385:810 
813. In brief, a cell, e.g., a Somatic cell, from the transgenic 
animal can be isolated and induced to exit the growth cycle 
and enter Go phase. The quiescent cell can then be fused, 
e.g., through the use of electrical pulses, to an enucleated 
oocyte from an animal of the same Species from which the 
quiescent cell is isolated. The reconstructed oocyte is then 
cultured Such that it develops to morula or blastocyte and 
then transferred to pseudopregnant female foster animal. 
The offspring borne of this female foster animal will be a 
clone of the animal from which the cell, e.g., the Somatic 
cell, is isolated. 

0129. Antisense 
0130. Also provided by the invention are antisense poly 
nucleotides that recognize and hybridize to NgR polynucle 
otides. Full-length and fragment antisense polynucleotides 
are provided. Fragment antisense molecules of the invention 
include (i) those that specifically recognize and hybridize to 
NgR RNA (as determined by sequence comparison of DNA 
encoding NgR to DNA encoding other known molecules). 
Identification of Sequences unique to NgR encoding poly 
nucleotides can be deduced through use of any publicly 
available Sequence database, and/or through use of commer 
cially available Sequence comparison programs. After iden 
tification of the desired Sequences, isolation through restric 
tion digestion or amplification using any of the various 
polymerase chain reaction techniques well known in the art 
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can be performed. AntiSense polynucleotides are particularly 
relevant to regulating expression of NgR by those cells 
expressing NgR mRNA. 
0131) Antisense oligonucleotides, or fragments of a 
nucleotide sequence set forth in SEQ ID NO:1, 3, 13 or 
Sequences complementary or homologous thereto, derived 
from the nucleotide Sequences of the present invention 
encoding NgR are useful as diagnostic tools for probing 
gene expression in various tissues. For example, tissue can 
be probed in Situ with oligonucleotide probes carrying 
detectable groups by conventional autoradiography tech 
niques to investigate native expression of this enzyme or 
pathological conditions relating thereto. In Specific aspects, 
antisense nucleic acid molecules are provided that comprise 
a Sequence complementary to at least about 10, 25, 50, 100, 
250 or 500 nucleotides or an entire NgR coding strand, or to 
only a portion thereof. Nucleic acid molecules encoding 
fragments, homologs, derivatives and analogs of a NgR 
protein of SEQ ID NO:2, 4 or 14 or antisense nucleic acids 
complementary to a NgR nucleic acid Sequence of SEQ ID 
NOS:1, 3 or 13 are additionally provided. 
0.132. In one embodiment, an antisense nucleic acid mol 
ecule is antisense to a “coding region' of the coding Strand 
of a nucleotide Sequence encoding NgR. The term “coding 
region” refers to the region of the nucleotide Sequence 
comprising codons which are translated into amino acid 
residues (e.g., the protein coding region of human NgR 
corresponds to the coding region SEQ ID NO:1, 3 or 13). In 
another embodiment, the antisense nucleic acid molecule is 
antisense to a "noncoding region' of the coding strand of a 
nucleotide Sequence encoding NgR. The term "noncoding 
region” refers to 5' and 3' sequences which flank the coding 
region that are not translated into amino acids (i.e., also 
referred to as 5' and 3' untranslated regions). 
0.133 Antisense oligonucleotides are preferably directed 
to regulatory regions of a nucleotide Sequence of SEQ ID 
NO:1, 3, 13 or mRNA corresponding thereto, including, but 
not limited to, the initiation codon, TATA box, enhancer 
Sequences, and the like. Given the coding Strand Sequences 
encoding NgR disclosed herein (e.g., SEQ ID NO:1, 3 or 
13), antisense nucleic acids of the invention can be designed 
according to the rules of Watson and Crick or Hoogsteen 
base pairing. The antisense nucleic acid molecule can be 
complementary to the entire coding region of NgR mRNA, 
but more preferably is an oligonucleotide that is antisense to 
only a portion of the coding or noncoding region of NgR 
mRNA. For example, the antisense oligonucleotide can be 
complementary to the region Surrounding the translation 
Start Site of NgR mRNA. An antisense oligonucleotide can 
be, for example, about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 
nucleotides in length. An antisense nucleic acid of the 
invention can be constructed using chemical Synthesis or 
enzymatic ligation reactions using procedures known in the 
art. For example, an antisense nucleic acid (e.g., an antisense 
oligonucleotide) can be chemically Synthesized using natu 
rally occurring nucleotides or variously modified nucle 
otides designed to increase the biological Stability of the 
molecules or to increase the physical Stability of the duplex 
formed between the antisense and Sense nucleic acids, e.g., 
phosphorothioate derivatives and acridine Substituted nucle 
otides can be used. 

0.134 Examples of modified nucleotides that can be used 
to generate the antisense nucleic acid include: 5-fluorouracil, 
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5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, 
Xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) 
uracil, 5-carboxymethylaminomethyl-2-thiouridine, 5-car 
boxymethylaminomethyluracil, dihydrouracil, beta-D-ga 
lactosylcqueosine, inosine, N6-isopentenyladenine, 1-meth 
ylguanine, 1-methylinosine, 2,2-dimethylguanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine, 
5-methylcytosine, N6-adenine, 7-methylguanine, 5-methy 
laminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, 
beta-D-mannosylqueosine, 5'-methoxycarboxymethyluracil, 
5-methoxyuracil, 2-methylthio-N6-isopentenyladenine, 
uracil-5-oxyacetic acid (v), Wybutoxosine, pseudouracil, 
queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiou 
racil, 4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid 
methylester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiou 
racil, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 
2,6-diaminopurine. Alternatively, the antisense nucleic acid 
can be produced biologically using an expression vector into 
which a nucleic acid has been Subcloned in an antisense 
orientation (i.e., RNA transcribed from the inserted nucleic 
acid will be of an antisense orientation to a target nucleic 
acid of interest, described further in the following subsec 
tion). 
0135 The antisense nucleic acid molecules of the inven 
tion (preferably oligonucleotides of 10 to 20 nucleotides in 
length) are typically administered to a Subject or generated 
in situ Such that they hybridize with or bind to cellular 
mRNA and/or genomic DNA encoding a NgR protein to 
thereby inhibit expression of the protein, e.g. by inhibiting 
transcription and/or translation. Suppression of NgR expres 
Sion at either the transcriptional or translational level is 
useful to generate cellular or animal models for diseases/ 
conditions characterized by aberrant NgR expression. The 
hybridization can be by conventional nucleotide comple 
mentarity to form a stable duplex, or, for example, in the 
case of an antisense nucleic acid molecule that binds to DNA 
duplexes, through specific interactions in the major groove 
of the double helix. 

0.136 Phosphorothioate and methylphosphonate anti 
Sense oligonucleotides are Specifically contemplated for 
therapeutic use by the invention. The antisense oligonucle 
otides may be further modified by adding poly-L-lysine, 
transferrin polylysine or cholesterol moieties at their 5' end. 

0.137 An example of a route of administration of anti 
Sense nucleic acid molecules of the invention includes direct 
injection at a tissue site. Alternatively, antisense nucleic acid 
molecules can be modified to target Selected cells and then 
administered Systemically. For example, for Systemic 
administration, antisense molecules can be modified Such 
that they specifically bind to receptors or antigens expressed 
on a Selected cell Surface, e.g., by linking the antisense 
nucleic acid molecules to peptides or antibodies that bind to 
cell Surface receptors or antigens. The antisense nucleic acid 
molecules can also be delivered to cells using the vectors 
described herein. To achieve Sufficient intracellular concen 
trations of antisense molecules, Vector constructs in which 
the antisense nucleic acid molecule is placed under the 
control of a strong pol II or pol III promoter are preferred. 

0.138. In yet another embodiment, the antisense nucleic 
acid molecule of the invention is an O-anomeric nucleic acid 
molecule. An O-anomeric nucleic acid molecule forms Spe 
cific double-stranded hybrids with complementary RNA in 
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which, contrary to the usual B-units, the Strands run parallel 
to each other (Gaultier et al., (1987) Nucleic Acids Res. 15, 
6625-6641). The antisense nucleic acid molecule can also 
comprise a 2'-O-methylribonucleotide (Inoue et al., (1987) 
Nucleic Acids Res. 15, 6131-6148) or a chimeric RNA-DNA 
analogue (Inoue et al., (1987) FEBS Lett. 215,327-330). 
0.139. The NgR sequences taught in the present invention 
facilitate the design of novel transcription factors for modu 
lating NgR expression in native cells and animals, and cells 
transformed or transfected with NgR polynucleotides. For 
example, the Cys-His Zinc finger proteins, which bind 
DNA via their zinc finger domains, have been shown to be 
amenable to structural changes that lead to the recognition of 
different target Sequences. These artificial Zinc finger pro 
teins recognize Specific target Sites with high affinity and low 
dissociation constants, and are able to act as gene Switches 
to modulate gene expression. Knowledge of the particular 
NgR target Sequence of the present invention facilitates the 
engineering of Zinc finger proteins Specific for the target 
Sequence using known methods Such as a combination of 
Structure-based modeling and Screening of phage display 
libraries (Segal et al., (1999) Proc. Natl. Acad. Sci. USA 96, 
2758-2763; Liu et al., (1997) Proc. Natl. Acad. Sci. USA 94, 
5525-5530; Greisman et al. (1997) Science 275, 657-661; 
Choo et al., (1997) J. Mol. Biol. 273, 525-532). Each zinc 
finger domain usually recognizes three or more base pairs. 
Since a recognition Sequence of 18 base pairs is generally 
Sufficient in length to render it unique in any known genome, 
a Zinc finger protein consisting of 6 tandem repeats of Zinc 
fingers would be expected to ensure specificity for a par 
ticular sequence (Segal et al., (1999), above). The artificial 
Zinc finger repeats, designed based on the promoter of NgR 
Sequences, are fused to activation or repression domains to 
promote or Suppress NgR expression (Liu et al., (1997), 
above). The promoter of NgR may be obtained by standard 
methods known to one of ordinary skill in the art with the 
disclosure contained herein and knowledge of the NgR 
Sequence. Alternatively, the Zinc finger domains can be 
fused to the TATA box-binding factor (TBP) with varying 
lengths of linker region between the Zinc finger peptide and 
the TBP to create either transcriptional activators or repres 
sors (Kim et al., (1997) Proc. Natl. Acad. Sci. USA 94, 
3616-3620. Such proteins and polynucleotides that encode 
them, have utility for modulating NgR expression in Vivo in 
both native cells, animals and humans, and/or cells trans 
fected with NgR-encoding Sequences. The novel transcrip 
tion factor can be delivered to the target cells by transfecting 
constructs that express the transcription factor (gene 
therapy), or by introducing the protein. Engineered Zinc 
finger proteins can also be designed to bind RNA sequences 
for use in therapeutics as alternatives to antisense or cata 
lytic RNA methods (McCollet al., (1997) Proc. Natl. Acad. 
Sci. USA96,9521-9526); Wu et al., (1995) Proc. Natl. Acad. 
Sci. USA 92, 344-348). The present invention contemplates 
methods of designing Such transcription factors based on the 
gene Sequence of the invention, as well as customized Zinc 
finger proteins, that are useful to modulate NgR expression 
in cells (native or transformed) whose genetic complement 
includes these Sequences. 
0140 Ribozymes and PNA Moieties 
0.141. In still another embodiment, an antisense nucleic 
acid of the invention is a ribozyme. Ribozymes are catalytic 
RNA molecules with ribonuclease activity that are capable 
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of cleaving a single-Stranded nucleic acid, Such as an 
mRNA, to which they have a complementary region. Thus, 
ribozymes (e.g., hammerhead ribozymes, described in 
Haselhoff and Gerlach (1988) Nature 334, 585-591) can be 
used to catalytically cleave NgR mRNA transcripts to 
thereby inhibit translation of NgR mRNA. A ribozyme 
having Specificity for a NgR-encoding nucleic acid can be 
designed based upon the nucleotide Sequence of a NgR DNA 
disclosed herein (i.e., SEQID NOS:1, 3 or 13). For example, 
a derivative of a Tetrahymena L-19 IVS RNA can be 
constructed in which the nucleotide Sequence of the active 
Site is complementary to the nucleotide Sequence to be 
cleaved in a NgR-encoding mRNA. See, e.g., Cech et al. 
U.S. Pat. No. 4,987,071; and Cech et al. U.S. Pat. No. 
5,116,742. Alternatively, NgR mRNA can be used to select 
a catalytic RNA having a specific ribonuclease activity from 
a pool of RNA molecules. See, e.g., Bartel et al., (1993) 
Science 261, 1411–1418. 

0142. Alternatively, NgR gene expression can be inhib 
ited by targeting nucleotide Sequences complementary to the 
regulatory region of the NgR (e.g., the NgR promoter and/or 
enhancers) to form triple helical structures that prevent 
transcription of the NgR gene in target cells. See generally, 
Helene (1991) Anticancer Drug Des. 6: 569-584; Helene. et 
al., (1992) Ann. N.Y. Acad. Sci. 660:27-36; and Maher 
(1992) BioEssays 14,807-815. 
0143. In various embodiments, the nucleic acids of NgR 
can be modified at the base moiety, Sugar moiety or phos 
phate backbone to improve, e.g., the Stability, hybridization, 
or solubility of the molecule. For example, the deoxyribose 
phosphate backbone of the nucleic acids can be modified to 
generate peptide nucleic acids (see Hyrup et al., (1996) 
Bioorg. Med Chem. Lett. 4, 5-23). As used herein, the terms 
“peptide nucleic acids” or “PNAS' refer to nucleic acid 
mimics, e.g., DNA mimics, in which the deoxyribose phos 
phate backbone is replaced by a pseudopeptide backbone 
and only the four natural nucleobases are retained. The 
neutral backbone of PNAS has been shown to allow for 
specific hybridization to DNA and RNA under conditions of 
low ionic strength. The synthesis of PNA oligomers can be 
performed using Standard Solid phase peptide Synthesis 
protocols as described in Hyrup et al., (1996) above; Perry 
O'Keefe et al., (1996) Proc. Natl. Acad. Sci. USA 93,14670 
14675. 

0144 PNAS of NgR can be used in therapeutic and 
diagnostic applications. For example, PNAS can be used as 
antisense or antigene agents for Sequence-specific modula 
tion of gene expression by, e.g., inducing transcription or 
translation arrest or inhibiting replication. PNAS of NgR can 
also be used, e.g., in the analysis of Single base pair 
mutations in a gene by, e.g., PNA directed PCR clamping, as 
artificial restriction enzymes when used in combination with 
other enzymes, e.g., S1 nucleases (Hyrup (1996), above); or 
as probes or primers for DNA sequence and hybridization 
(Hyrup et al., (1996), above; Perry-O'Keefe (1996), above). 
0145. In another embodiment, PNAS of NgR can be 
modified, e.g., to enhance their Stability or cellular uptake, 
by attaching lipophilic or other helper groups to PNA, by the 
formation of PNA-DNA chimeras, or by the use of lipo 
Somes or other techniques of drug delivery known in the art. 
For example, PNA-DNA chimeras of NgR can be generated 
that may combine the advantageous properties of PNA and 
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DNA. Such chimeras allow DNA recognition enzymes, e.g., 
RNase H and DNA polymerases, to interact with the DNA 
portion while the PNA portion would provide high binding 
affinity and specificity. PNA-DNA chimeras can be linked 
using linkers of appropriate lengths Selected in terms of base 
Stacking, number of bonds between the nucleobases, and 
orientation (Hyrup (1996), above). The synthesis of PNA 
DNA chimeras can be performed as described in Hyrup 
(1996), above and Finn et al. (1996) Nucleic Acids Res. 24, 
3357-3363. For example, a DNA chain can be synthesized 
on a Solid Support using Standard phosphoramidite coupling 
chemistry, and modified nucleoside analogs, e.g., 5'-(4- 
methoxytrityl)amino-5'-deoxy-thymidine phosphoramidite, 
can be used between the PNA and the 5' end of DNA (Mag 
et al (1989) Nucleic Acids Res. 17,973-988). PNA mono 
mers are then coupled in a stepwise manner to produce a 
chimeric molecule with a 5' PNA segment and a 3' DNA 
segment (Finn et al (1996), above). Alternatively, chimeric 
molecules can be synthesized with a 5' DNA segment and a 
3' PNA segment. See, Petersen et al. (1975) Bioorg. Med. 
Chen. Lett. 5:1119-1124. 

0146 In other embodiments, the oligonucleotide may 
include other appended groups Such as peptides (e.g., for 
targeting host cell receptors in vivo), or agents facilitating 
transport across the cell membrane (see 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 
Publication No. WO 88/09810) or the blood-brain barrier 
(see, e.g., PCT Publication No. WO 89/10134). In addition, 
oligonucleotides can be modified with hybridization trig 
gered cleavage agents (see, e.g., Krol et al., (1988) Biotech 
niqueS 6, 958-976) or intercalating agents (see, e.g., Zon 
(1988) Pharm. Res. 5,539-549). To this end, the oligonucle 
otide may be conjugated to another molecule, e.g., a peptide, 
a hybridization triggered croSS-linking agent, a transport 
agent, a hybridization-triggered cleavage agent, etc. 
0147 Automated sequencing methods can be used to 
obtain or verify the nucleotide sequence of NgR. The NgR 
nucleotide Sequences of the present invention are believed to 
be 100% accurate. However, as is known in the art, nucle 
otide Sequence obtained by automated methods may contain 
Some errors. Nucleotide Sequences determined by automa 
tion are typically at least about 90%, more typically at least 
about 95% to at least about 99.9% identical to the actual 
nucleotide Sequence of a given nucleic acid molecule. The 
actual Sequence may be more precisely determined using 
manual Sequencing methods, which are well known in the 
art. An error in a Sequence which results in an insertion or 
deletion of one or more nucleotides may result in a frame 
shift in translation Such that the predicted amino acid 
sequence will differ from that which would be predicted 
from the actual nucleotide Sequence of the nucleic acid 
molecule, Starting at the point of the mutation. 
0148 Polypeptides 
014.9 The invention also provides purified and isolated 
mammalian NgR polypeptides encoded by a polynucleotide 
of the invention. Presently preferred is a human NgR 
polypeptide comprising the amino acid Sequence Set forth in 
SEQID NO:2 or SEQ ID NO:14. Another preferred embodi 
ment is a mouse NgR polypeptide comprising the amino 
acid sequence of NgR3, as set forth in SEQ ID NO:4. 
0150. One aspect of the invention pertains to isolated 
NgR proteins, and biologically active portions thereof, or 
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derivatives, fragments, analogs or homologs thereof Also 
provided are polypeptide fragments Suitable for use as 
immunogens to raise anti-NgR antibodies. Preferably, frag 
ments of NgR proteins comprise at least one biological 
activity of NgR. In one embodiment, native NgR proteins 
can be isolated from cells or tissue Sources by an appropriate 
purification Scheme using Standard protein purification tech 
niques. In another embodiment, NgR proteins are produced 
by recombinant DNA techniques. Alternative to recombi 
nant expression, a NgR protein or polypeptide can be 
Synthesized chemically using Standard peptide Synthesis 
techniques. 

0151. The invention also embraces polypeptides that 
have at least 99%, at least 95%, at least 90%, at least 85%, 
at least 80%, at least 75%, at least 70%, at least 65%, at least 
60%, at least 55%, at least 50% or at least 45% identity 
and/or homology to the preferred polypeptide of the inven 
tion. In addition, the invention embraces polypeptides hav 
ing the consensus sequence shown in SEQ ID NO:6, shown 
in Table 5) excluding the previously characterized NgR 
(“NgR1'), and polypeptides comprising at least about 90% 
of the consensus Sequence. 
0152 The term “percentage of sequence identity” is 
calculated by comparing two optimally aligned Sequences 
over that region of comparison, determining the number of 
positions at which the identical nucleic acid base (e.g., A, T, 
C, G, U, or I, in the case of nucleic acids) occurs in both 
Sequences to yield the number of matched positions, divid 
ing the number of matched positions by the total number of 
positions in the region of comparison (i.e., the window size), 
and multiplying the result by 100 to yield the percentage of 
Sequence identity. The term “Substantial identity” as used 
herein denotes a characteristic of a polynucleotide Sequence, 
wherein the polynucleotide comprises a Sequence that has at 
least 80 percent Sequence identity, preferably at least 85 
percent identity and often 90 to 95 percent Sequence identity, 
more usually at least 99 percent Sequence identity as com 
pared to a reference Sequence over a comparison region. 

0153. In one aspect, percent homology is calculated as 
the percentage of amino acid residues in the Smaller of two 
Sequences which align with identical amino acid residue in 
the Sequence being compared, when four gaps in a length of 
100 amino acids may be introduced to maximize alignment 
(Dayhoff, in ATLAS OF PROTEIN SEQUENCE AND 
STRUCTURE, Vol. 5, p. 124, National Biochemical 
Research Foundation, Washington, D.C. (1972), incorpo 
rated herein by reference). 
0154) A determination of homology or identity is typi 
cally made by a computer homology program known in the 
art. An exemplary program is the Gap program (Wisconsin 
Sequence Analysis Package, Version 8 for UNIX, Genetics 
Computer Group, University Research Park, Madison, Wis.) 
using the default Settings, which uses the algorithm of Smith 
and Waterman (Adv. Appl. Math., 1981, 2,482-489, which in 
incorporated herein by reference in its entirety). Employing 
the GAP Software provided in the GCG program package, 
(see Needleman and Wunsch (1970) J. Mol. Biol. 48, 
443-453) the following Settings for nucleic acid sequence 
comparison may be used: GAP creation penalty of 5.0 and 
GAP extension penalty of 0.3, the coding region of the 
analogous nucleic acid Sequences referred to above exhibits 
a degree of identity preferably of at least 70%, 75%, 80%, 
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85%, 90%, 95%, 98%, or 99%, with the CDS (encoding) 
part of the DNA sequence shown in SEQ ID NOS:1, 3 or 13. 
BestFit was originally written for Version 1.0 by Paul 
Haeberli from a careful reading of the papers by Needleman 
and Wunsch (1970), above, and Smith and Waterman 
(1981), above. The following Bestfit settings for nucleic acid 
Sequence comparison may be used: GAP creation penalty of 
8.0 and GAP extension penalty of 2, the coding region of the 
analogous nucleic acid Sequences referred to above exhibits 
a degree of identity preferably of at least 70%, 75%, 80%, 
85%, 90%, 95%, 98% or 99%, with the CDS (encoding) part 
of the amino acid sequence shown in SEQ ID NOS:2, 4 or 
14. 

O155 Alternatively, homology may be determined by 
hybridization analysis wherein a nucleic acid Sequence is 
hybridized to the complement of a Sequence encoding the 
aforementioned proteins under Stringent, moderately Strin 
gent, or low Stringent conditions. See e.g. Ausubel, et al., 
(Eds.) CURRENT PROTOCOLS IN MOLECULAR BIOL 
OGY, John Wiley & Sons, New York, N.Y., 1993, and below. 
0156 Polypeptides of the invention may be isolated from 
natural cell Sources or may be chemically Synthesized, but 
are preferably produced by recombinant procedures involv 
ing host cells of the invention. 
O157 An "isolated” or “purified” protein or biologically 
active portion thereof is Substantially free of cellular mate 
rial or other contaminating proteins from the cell or tissue 
Source from which the NgR protein is derived, or substan 
tially free from chemical precursors or other chemicals when 
chemically Synthesized. The language “Substantially free of 
cellular material” includes preparations of NgR protein in 
which the protein is separated from cellular components of 
the cells from which it is isolated or recombinantly pro 
duced. In one embodiment, the language “Substantially free 
of cellular material' includes preparations of NgR protein 
having less than about 30% (by dry weight) of non-NgR 
protein (also referred to herein as a “contaminating pro 
tein'), more preferably less than about 20% of non-NgR 
protein, still more preferably less than about 10% of non 
NgR protein, and most preferably less than about 5% 
non-NgR protein. When the NgR protein or biologically 
active portion thereof is recombinantly produced, it is also 
preferably Substantially free of culture medium, i.e., culture 
medium represents less than about 20%, more preferably 
less than about 10%, and most preferably less than about 5% 
of the Volume of the protein preparation. 
0158. The language “substantially free of chemical pre 
cursors or other chemicals includes preparations of NgR 
protein in which the protein is separated from chemical 
precursors or other chemicals that are involved in the 
Synthesis of the protein. In one embodiment, the language 
“Substantially free of chemical precursors or other chemi 
cals includes preparations of NgR protein having less than 
about 30% (by dry weight) of chemical precursors or 
non-NgR chemicals, more preferably less than about 20% 
chemical precursors or non-NgR chemicals, Still more pref 
erably less than about 10% chemical precursors or non-NgR 
chemicals, and most preferably less than about 5% chemical 
precursors or non-NgR chemicals. 
0159) Biologically active portions of a NgR protein 
include peptides comprising amino acid Sequences Suffi 
ciently homologous to or derived from the amino acid 
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Sequence of the NgR protein, e.g., the amino acid Sequence 
shown in SEQ ID NO:2, 4 or 14 that include fewer amino 
acids than the full length NgR proteins, and exhibit at least 
one activity of a NgR protein. Typically, biologically active 
portions comprise a domain or motif with at least one 
activity of the NgR protein. A biologically active portion of 
a NgR protein can be a polypeptide which is, for example, 
10, 25, 50, 100 or more amino acids in length. 
0160 A biologically active portion of a NgR protein of 
the present invention may contain at least one of the features 
that is conserved between the NgR proteins (e.g., a con 
Served cysteine as the N-terminus of the mature protein, four 
conserved cysteines in the N-terminus before a leucine-rich 
region, four conserved cysteines C-terminal with respect to 
a leucine repeat region, eight leucine-rich repeats, and a 
hydrophobic C-terminus). An alternative biologically active 
portion of a NgR protein may contain at least two of the 
above-identified domains. Another biologically active por 
tion of a NgR protein may contain at least three of the 
above-identified domains. Yet another biologically active 
portion of a NgR protein of the present invention may 
contain at least four of the above-identified domains. 

0.161 Moreover, other biologically active portions, in 
which other regions of the protein are deleted, can be 
prepared by recombinant techniques and evaluated for one 
or more of the functional activities of a native NgR protein. 
0162. In an embodiment, the NgR protein has an amino 
acid sequence shown in SEQ ID NO:2, 4 or 14. In other 
embodiments, the NgR protein is Substantially homologous 
to SEQ ID NO:2, 4 or 14 and retains the functional activity 
of the protein of SEQID NO:2, 4 or 14, yet differs in amino 
acid Sequence due to natural allelic variation or mutagenesis, 
as described in detail below. 

0163 Accordingly, in another embodiment, the NgR pro 
tein is a protein that comprises an amino acid Sequence at 
least about 45% homologous to the amino acid Sequence of 
SEO ID NO:2 or SEO ID NO:4 or SEO ID NO:14 and 
retains the functional activity of the NgR proteins of SEQID 
NO:2, 4 or 14. 

0164. Use of mammalian host cells is expected to provide 
for Such post-translational modifications (e.g., glycosyla 
tion, truncation, lipidation and phosphorylation) as may be 
needed to confer optimal biological activity on recombinant 
expression products of the invention. Glycosylated and 
non-glycosylated forms of NgR polypeptides are embraced 
by the invention. 
0165 The invention also embraces variant (or analog) 
NgR polypeptides. In one example, insertion variants are 
provided wherein one or more amino acid residues Supple 
ment a NgRamino acid Sequence. Insertions may be located 
at either or both termini of the protein, or may be positioned 
within internal regions of the NgR amino acid Sequence. 
Insertional variants with additional residues at either or both 
termini can include, for example, fusion proteins and pro 
teins including amino acid tags or labels. 
0166 Insertion variants include NgR polypeptides 
wherein one or more amino acid residues are added to a NgR 
acid Sequence or to a biologically active fragment thereof. 

0167 Variant products of the invention also include 
mature NgR products, i.e., NgR products wherein leader or 
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Signal Sequences are removed, with additional amino termi 
nal residues. The additional amino terminal residues may be 
derived from another protein, or may include one or more 
residues that are not identifiable as being derived from 
Specific proteins. NgR products with an additional methion 
ine residue at position-1 (Met'-NgR) are contemplated, as 
are variants with additional methionine and lysine residues 
at positions -2 and -1 (Met -Lys-NgR). Variants of NgR 
with additional Met, Met-Lys, Lys residues (or one or more 
basic residues in general) are particularly useful for 
enhanced recombinant protein production in bacterial host 
cells. 

0168 Polypeptide Variants 
0169. The invention also embraces NgR variants having 
additional amino acid residues which result from use of 
Specific expression Systems. 
0170 AS used herein, a NgR “chimeric protein' or 
"fusion protein’ comprises a NgR polypeptide operatively 
linked to a non-NgR polypeptide. A “NgR polypeptide' 
refers to a polypeptide having an amino acid Sequence 
corresponding to NgR, whereas a “non-NgR polypeptide' 
refers to a polypeptide having an amino acid Sequence 
corresponding to a protein that is not homologous to the 
NgR protein, e.g., a protein that is different from the NgR 
protein and that is derived from the same or a different 
organism. Within a NgR fusion protein the NgR polypeptide 
can correspond to all or a portion of a NgR protein. In one 
embodiment, a NgR fusion protein comprises at least one 
biologically active portion of a NgR protein. In another 
embodiment, a NgR fusion protein comprises at least two 
biologically active portions of a NgR protein. In yet another 
embodiment, a NgR fusion protein comprises at least three 
biologically active portions of a NgR protein. Within the 
fusion protein, the term “operatively linked” is intended to 
indicate that the NgR polypeptide and the non-NgR 
polypeptide are fused in-frame to each other. The non-NgR 
polypeptide can be fused to the N-terminus or C-terminus of 
the NgR polypeptide. 
0171 For example, in one embodiment a NgR fusion 
protein comprises a NgR domain operably linked to the 
extracellular domain of a Second protein. Such fusion pro 
teins can be further utilized in Screening assays for com 
pounds which modulate NgR activity (Such assays are 
described in detail below). 
0172 For example, use of commercially available vec 
tors that express a desired polypeptide as part of a glu 
tathione-S-transferase (GST) fusion product provides the 
desired polypeptide having an additional glycine residue at 
position -1 after cleavage of the GST component from the 
desired polypeptide. 
0.173) In another embodiment, the fusion protein is a NgR 
protein containing a heterologous signal Sequence at its 
N-terminus. For example, the native NgR signal Sequence 
(i.e., amino acids 1-30 of SEQ ID NO:2 and amino acids 
1-40 of SEQ ID NO:4) can be removed and replaced with a 
Signal Sequence from another protein. In certain host cells 
(e.g., mammalian host cells), expression and/or Secretion 
NgR can be increased through use of a heterologous Signal 
Sequence. 

0.174. In yet another embodiment, the fusion protein is a 
NgR-immunoglobulin fusion protein in which the NgR 
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Sequences comprising one or more domains are fused to 
Sequences derived from a member of the immunoglobulin 
protein family. The NgR-immunoglobulin fusion proteins of 
the invention can be incorporated into pharmaceutical com 
positions and administered to a Subject to inhibit an inter 
action between NgR ligand and a NgR protein on the Surface 
of a cell, to thereby Suppress NgR-mediated Signal trans 
duction in Vivo. NgR-immunoglobulin fusion proteins can 
be used to affect the bioavailability of a NgR cognate ligand. 
Inhibition of the NgR ligand/NgR interaction may be useful 
therapeutically for both the treatment of proliferative and 
differentiative disorders, as well as modulating (e.g., pro 
moting or inhibiting) cell survival. Moreover, the NgR 
immunoglobulin fusion proteins of the invention can be used 
as immunogens to produce anti-NgR antibodies in a Subject, 
to purify NgR ligands, and in Screening assays to identify 
molecules that inhibit the interaction of NgR with NgR 
ligand. 

0175 A NgR chimeric or fusion protein of the invention 
can be produced by Standard recombinant DNA techniques. 
For example, DNA fragments coding for the different 
polypeptide Sequences are ligated together in-frame in 
accordance with conventional techniques, e.g., by employ 
ing blunt-ended or Stagger-ended termini for ligation, 
restriction enzyme digestion to provide for appropriate ter 
mini, filling-in of cohesive ends as appropriate, alkaline 
phosphatase treatment to avoid undesirable joining and 
enzymatic ligation. In another embodiment, the fusion gene 
can be Synthesized by conventional techniques including 
automated DNA synthesizers. Alternatively, PCR amplifi 
cation of gene fragments can be carried out using anchor 
primers that give rise to complementary overhangs between 
two consecutive gene fragments that can Subsequently be 
annealed and reamplified to generate a chimeric gene 
sequence (see, for example, Ausubel et al. (Eds.) CURRENT 
PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & 
Sons, 1992). Moreover, many expression vectors are com 
mercially available that already encode a fusion moiety (e.g., 
a GST polypeptide). A NgR-encoding nucleic acid can be 
cloned into Such an expression vector Such that the fusion 
moiety is linked in-frame to the NgR protein. 
0176 Variants resulting from expression in other vector 
Systems are also contemplated. 
0177. Insertional variants also include fusion proteins 
wherein the amino terminus and/or the carboxy terminus of 
NgR is/are fused to another polypeptide. 
0178. In another aspect, the invention provides deletion 
variants wherein one or more amino acid residues in a NgR 
polypeptide are removed. Deletions can be effected at one or 
both termini of the NgR polypeptide, or with removal of one 
or more non-terminal amino acid residues of NgR. Deletion 
variants, therefore, include all fragments of a NgR polypep 
tide. 

0179 The invention also embraces polypeptide frag 
ments of the sequence set forth in SEQ ID NO:2, 4 or 14 
wherein the fragments maintain biological (e.g., ligand 
binding and/or intracellular signaling) immunological prop 
erties of a NgR polypeptide. Fragments comprising at least 
4, 5, 10, 15, 20, 25, 30, 35, or 40 consecutive amino acids 
of SEQID NO:2, 4 or 14 are contemplated by the invention. 
Preferred polypeptide fragments display antigenic properties 
unique to, or specific for, human NgR and its allelic and 
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Species homologs. Fragments of the invention having the 
desired biological and immunological properties can be 
prepared by any of the methods well known and routinely 
practiced in the art. 

0180. In still another aspect, the invention provides Sub 
stitution variants of NgR polypeptides. Substitution variants 
include those polypeptides wherein one or more amino acid 
residues of a NgR polypeptide are removed and replaced 
with alternative residues. In one aspect, the Substitutions are 
conservative in nature; however, the invention embraces 
Substitutions that are also non-conservative. Conservative 
Substitutions for this purpose may be defined as Set out in 
Tables 2, 3, or 4 below. Table 1. 

TABLE 1. 

Xaff 
(based on a NTLRRCT Column I Column II 
domain) (R1,R2, R3) (R2 + R3 only) 

X G, R, M 
X- A, D, C 
X V, T 
X N, P, S 
Xs E, A, S 
Xe nothing, K nothing 
X, V, M, P 
Xs T. V. V 
Xo Q, P O 
X1o Q. A O 
X11 Q, H, N 
X-12 G, N N 
X13 L., F F 
X14 Q, A, S 
X15 A, S 
X16 V, I 
X7 V, T, E, L 
X-1s S, G 
X19 L, I 
X20 A, E, V, P 
X21 A, S, D 
X22 S, T 
X23 Q, E 
X24 IVL 
Xs Q.H O 
X26 N.G N 
X27 R, 
X28 T.G.R.S 
X29 FLTH 
Xso LV L 
X31 Q.R.P 
X32 Q,PA P 
Xss G.A. G 
X34 HTS 
Xss S.G.R 
X36 PSA 
X37 C, nothing nothing 
Xss R, nothing nothing 
Xso AN 
X4o M.L. 
X41 VLT 
X42 T, I T 
X43 LI 
X44 Y.F.H 
X4s N.V N 
X46 IL 
X7 T.S.A 
X4s F.Y.T.R 
X49 A.H.Y.D 
Xso PA P 
Xs 1 N.S.G.A 
X52 TA T 
Xss ERT 
Xsa G.H 
Xss FL 
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ond Edition; Worth Publishers, Inc. NY, N.Y. (1975), pp.71 
77 as set out in Table 3, immediately below. 

TABLE 3 

Conservative Substitutions II 

SIDE CHAIN 
CHARACTERISTIC AMINO ACID 

Non-polar (hydrophobic) 

A. Aliphatic: ALIVP 
B. Aromatic: FW 
C. Sulfur-containing: M 
D. Boderline: G 
Uncharged-polar 

A. Hydroxyl: STY 
B. Amides: NO 
C. Sylihydryl: C 
D. Boderline: G 
Positively Charged (Basic): KRH 
Negatively Charged (Acidic): DE 

0183 AS still another alternative, exemplary conserva 
tive Substitutions are set out in Table 4, below. 

TABLE 4 

Conservative Substitutions III 

Original 
Residue Exemplary Substitution 

Ala (A) Val, Leu, Ile 
Arg (R) Lys, Gln, Asn 
Asn (N) Gln, His, Lys, Arg 
Asp (D) Glu 
Cys (C) Ser 
Gln (Q) Asn 
Glu (B) Asp 
His (H) Asn., Gln, Lys, Arg 
Ile (I) Leu, Val, Met, Ala, Phe, 
Leu (L) Ile, Val, Met, Ala, Phe 
Lys (K) Mg, Gln, Asn 
Met (M) Leu, Phe, Ile 
Phe (F) Leu, Val, Ile, Ala 
Pro (P) Gly 
Ser (S) Thr 
Thr (T) Ser 
Trp (W) Tyr 
Tyr (Y) Trp, Phe, Thr, Ser 
Val (V) Ile, Leu, Met, Phe, Ala 

0184. In addition, amino acid residues that are conserved 
among family members of the NgR proteins of the present 
invention, as indicated by the alignment presented herein, 
are also predicted to be particularly unamenable to alter 
ation. For example, NgR proteins of the present invention 
can contain at least one domain that is a typically conserved 
region in NgRS. Examples of these conserved domains 
include, e.g., leucine-rich repeat domain. Amino acid resi 
dues that are not conserved or are only Semi-conserved 
among members of the NgR proteins may be readily ame 
nable to alteration. 

0185. Full-length NgRs have an LRR region character 
ized by the amino acid consensus Sequence shown in SEQ 
ID NO: 19. At least some full-length NgRs also include a CT 
signaling (CTS) domain and a GPI domain. 
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0186 The NgR domain designations used herein are 
defined as follows: 

hNgR1 mNgR1 hNgR2 hNgR3 
SEQ ID: SEQ ID SEQ ID: SEQ ID: mNgR3 

Domain 5 NO: 17 2 14 SEQ ID: 4 

Signal 1-26 1-26 1-30 1-40 
Seq. 
LRRNT 27-5 6 27-5 6 31-59 41-69 
LRR1 57-81 57-81 60-82 5-27 70-92 
LRR2 82-105 82-105 83-106 28-51 93-106 
LRR3 106-130 106-130 107-131 52-76. 106-141 
LRR4 131-15 4 131-15 4 132-155 77-10 0 142-165 
LRR5 155-178 155-178 156-179 101-124, 166-189 
LRR6 179-202 179-202 180-203 125-148, 190-213 
LRR 203-226 203-226, 204-227 149-172. 214-237 
LRR8 227-25 0 227-25 0 228-251 173-196 238-261 
LRRCT 260-309 260-309 261-31 O 20 6-255 271-320 
CTS 310-4 45 310-4 45 311-395 256-396 321-438 

(CT 
Signal 
ing) 
GPI 4 46-473 45 6-473 396-42O 370-392 439-4 62 

0187. In some embodiments of the invention, the above 
domains are modified. Modification can be in a manner that 
preserves domain functionality. Modification can include 
addition, deletion or Substitution of certain amino acids. 
Exemplary modifications include conservative amino acid 
substitutions. Preferably such substitutions number 20 or 
fewer per 100 residues. More preferably, Such Substitutions 
number 10 or fewer per 100 residues. Further exemplary 
modifications include addition of flanking Sequences of up 
to five amino acids at the N terminus and/or C terminus of 
one or more of the domains. 

0188 In some embodiments, the isolated nucleic acid 
molecule encodes a polypeptide at least about 70%, 80%, 
90%, 95%, 98%, and most preferably at least about 99% 
homologous to SEQ ID NO:2, 4 or 14. 

0189 Mutations can be introduced into SEQ ID NOS:1, 
3 or 13 by Standard techniques, e.g., Site-directed mutagen 
esis and PCR-mediated mutagenesis. Conservative amino 
acid Substitutions can be made at one or more amino acid 
residues predicted to be non-essential. Alternatively, muta 
tions can be introduced randomly along a NgR coding 
Sequence. This can be accomplished, e.g., by Saturation 
mutagenesis. The resulting mutants can be Screened for NgR 
biological activity. Biological activities of NgR may include 
but are not limited to: (1) protein-protein interactions, e.g., 
with other NgRs or other cell-surface proteins involved in 
Nogo-related signaling; (2) complex formation with a NgR 
ligand; (3) binding to an anti-NgR antibody. 

0190. It should be understood that the definition of 
polypeptides of the invention is intended to include polypep 
tides bearing modifications other than insertion, deletion, or 
Substitution of amino acid residues. By way of example, the 
modifications may be covalent in nature, and include for 
example, chemical bonding with polymers, lipids, other 
organic and inorganic moieties. Such derivatives may be 
prepared to increase circulating half-life of a polypeptide, or 
may be designed to improve the targeting capacity of the 
polypeptide for desired cells, tissueS or organs. Similarly, the 
invention further embraces NgR polypeptides that have been 
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covalently modified to include one or more water-soluble 
polymer attachments Such as polyethylene glycol, polyoxy 
ethylene glycol or polypropylene glycol. Variants that dis 
play ligand binding properties of native NgR and are 
expressed at higher levels, as well as variants that provide 
for constitutively active receptors, are particularly useful in 
assays of the invention; the variants are also useful in 
providing cellular, tissue and animal models of diseases/ 
conditions characterized by aberrant NgR activity. 
0191 Chemically modified NgR polypeptide composi 
tions in which the NgR polypeptide is linked to a polymer 
are included within the Scope of the present invention. The 
polymer may be water Soluble to prevent precipitation of the 
protein in an aqueous environment, Such as a physiological 
environment. Suitable water-soluble polymers may be 
Selected from the group consisting of, for example, poly 
ethylene glycol (PEG), monomethoxypolyethylene glycol, 
dextran, cellulose, or other carbohydrate based polymers, 
poly-(N-vinyl pyrrolidone) polyethylene glycol, polypropy 
lene glycol homopolymers, a polypropylene oxide/ethylene 
oxide copolymer polyoxyethylated polyols (e.g. glycerol) 
and polyvinyl alcohol. The Selected polymer is usually 
modified to have a single reactive group, Such as an active 
ester for acylation or an aldehyde for alkylation, So that the 
degree of polymerization may be controlled. PolymerS may 
be of any molecular weight, and may be branched or 
unbranched, and mixtures of Such polymers may also be 
used. When the chemically modified NgR polymer is des 
tined for therapeutic use, pharmaceutically acceptable poly 
mers will be Selected for use. 

0.192 When the polymer is to be modified by an acylation 
reaction, the polymer should have a Single reactive ester 
group. Alternatively, if the polymer is to be modified by 
reductive alkylation, the polymer should have a single 
reactive aldehyde group. A preferred reactive aldehyde is 
polyethylene glycol propionaldehyde, which is water Stable, 
or mono C1-CIO alkoxy or aryloxy derivatives thereof (see 
U.S. Pat. No. 5,252,714, incorporated by reference herein in 
its entirety). 
0193 Pegylation of NgR polypeptides may be carried out 
by any of the pegylation reactions known in the art, as 
described, for example, in the following references: Focus 
on Growth Factors 3, 4-10 (1992); EP 0 154316; and EPO 
401384 (each of which is incorporated by reference herein 
in its entirety). Preferably, the pegylation is carried out via 
an acylation reaction or an alkylation reaction with a reac 
tive polyethylene glycol molecule (or an analogous reactive 
water-Soluble polymer). A preferred water-soluble polymer 
for pegylation of polypeptides Such as NgR is polyethylene 
glycol (PEG). As used herein, “polyethylene glycol” is 
meant to encompass any of the forms of PEG that have been 
used to derivatize other proteins, such as mono (Cl-CIO) 
alkoxy- or aryloxy-polyethylene glycol. 

0194 Chemical derivatization of NgR polypeptides may 
be performed under any Suitable conditions used to react a 
biologically active Substance with an activated polymer 
molecule. Methods for preparing pegylated NgR polypep 
tides will generally comprise the steps of (a) reacting the 
polypeptide with polyethylene glycol, Such as a reactive 
ester or aldehyde derivative of PEG, under conditions 
whereby NgR polypeptide becomes attached to one or more 
PEG groups, and (b) obtaining the reaction products. It will 
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be apparent to one of ordinary skill in the art to Select the 
optimal reaction conditions or the acylation reactions based 
on known parameters and the desired result. 
0.195 Pegylated and other polymer:NgR polypeptides 
may generally be used to treat conditions that may be 
alleviated or modulated by administration of the NgR 
polypeptides described herein. However, the chemically 
derivatized polymer:NgR polypeptide molecules disclosed 
herein may have additional activities, enhanced or reduced 
biological activity, or other characteristics, Such as increased 
or decreased half-life, as compared to the nonderivatized 
molecules. The NgR polypeptides, fragments thereof, Vari 
ants and derivatives, may be employed alone, together, or in 
combination with other pharmaceutical compositions. The 
cytokines, growth factors, antibiotics, antiinflammatories 
and/or chemotherapeutic agents as is appropriate for the 
indication being treated. 
0196. The present invention provides compositions com 
prising purified polypeptides of the invention. Preferred 
compositions comprise, in addition to the polypeptide of the 
invention, a pharmaceutically acceptable (i.e., Sterile and 
non-toxic) liquid, Semisolid, or Solid diluent that serves as a 
pharmaceutical vehicle, excipient or medium. Any diluent 
known in the art may be used. Exemplary diluents include, 
but are not limited to, water, Saline Solutions, polyoxyeth 
ylene Sorbitan monolaurate, magnesium Stearate, methyl 
and propylhydroxybenzoate, talc, alginates, Starches, lac 
tose, Sucrose, dextrose, Sorbitol, mannitol, glycerol, calcium 
phosphate, mineral oil and cocoa butter. 
0.197 Variants that display ligand binding properties of 
native NgR and are expressed at higher levels, as well as 
variants that provide for constitutively active receptors, are 
particularly useful in assays of the invention; the variants are 
also useful in assays of the invention and in providing 
cellular, tissue and animal models of diseases/conditions 
characterized by aberrant NgR activity. 
0198 With the knowledge of the nucleotide sequence 
information disclosed in the present invention, one skilled in 
the art can identify and obtain nucleotide Sequences which 
encode NgR from different sources (i.e., different tissues or 
different organisms) through a variety of means well known 
to the skilled artisan and as disclosed by, for example, 
Sambrook et al., MOLECULAR CLONING: A LABORA 
TORY MANUAL, Second Edition, Cold Spring Harbor 
Press, Cold Spring Harbor, N.Y. (1989), which is incorpo 
rated herein by reference in its entirety. 
0199 For example, DNA that encodes NgR may be 
obtained by screening of mRNA, cDNA, or genomic DNA 
with oligonucleotide probes generated from the NgR gene 
Sequence information provided herein. Probes may be 
labeled with a detectable group, Such as a fluorescent group, 
a radioactive atom or a chemiluminescent group in accor 
dance with procedures known to the skilled artisan and used 
in conventional hybridization assays, as described by, for 
example, Sambrook et al. (1989) above. 
0200) A nucleic acid molecule comprising any of the 
NgR nucleotide Sequences described above can alternatively 
be synthesized by use of the polymerase chain reaction 
(PCR) procedure, with the PCR oligonucleotide primers 
produced from the nucleotide Sequences provided herein. 
See U.S. Pat. No. 4,683,195 to Mullis et al. and U.S. Pat. No. 
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4,683.202 to Mullis. The PCR reaction provides a method 
for Selectively increasing the concentration of a particular 
nucleic acid Sequence even when that Sequence has not been 
previously purified and is present only in a Single copy in a 
particular Sample. The method can be used to amplify either 
single- or double-stranded DNA. The essence of the method 
involves the use of two oligonucleotide probes to Serve as 
primers for the template-dependent, polymerase-mediated 
replication of a desired nucleic acid molecule. 
0201 A wide variety of alternative cloning and in vitro 
amplification methodologies are well known to those skilled 
in the art. Examples of these techniques are found in, for 
example, Berger et al., Guide to Molecular Cloning Tech 
niques, METHODS IN ENZYMOLOGY 152 Academic 
Press, San Diego, Calif., which is incorporated herein by 
reference in its entirety. 

0202) The nucleic acid molecules of the present inven 
tion, and fragments derived therefrom, are useful for Screen 
ing for restriction fragment length polymorphism (RFLP) 
asSociated with certain disorders, as well as for genetic 
mapping. 

0203 Antibodies 
0204 Also comprehended by the present invention are 
antibodies (e.g., monoclonal and polyclonal antibodies, 
Single chain antibodies, chimeric antibodies, bifunctional/ 
bispecific antibodies, humanized antibodies, human antibod 
ies, and complementary determining region (CDR)-grafted 
antibodies, including compounds which include CDR 
Sequences which Specifically recognize a polypeptide of the 
invention) specific for NgR or fragments thereof Preferred 
antibodies of the invention are human antibodies which are 
produced and identified according to methods described in 
WO93/11236, published Jun. 20, 1993, which is incorpo 
rated herein by reference in its entirety. Antibody fragments, 
including Fab, Fab', F(ab'), and F, are also provided by the 
invention. The term “specific for,” when used to describe 
antibodies of the invention, indicates that the variable 
regions of the antibodies of the invention recognize and bind 
NgR polypeptides exclusively (i.e., are able to distinguish 
NgR polypeptides from other known NgR polypeptides by 
Virtue of measurable differences in binding affinity, despite 
the possible existence of localized Sequence identity, homol 
ogy, or similarity between NgR and Such polypeptides). 
0205 The antigenic peptide of NgR comprises at least 8 
amino acid residues of the amino acid Sequence shown in 
SEQ ID NO:2, 4 or 14 and encompasses an epitope of NgR 
Such that an antibody raised against the peptide forms a 
specific immune complex with NgR. Preferably, the anti 
genic peptide comprises at least 10 amino acid residues, 
more preferably at least 15 amino acid residues, even more 
preferably at least 20 amino acid residues, and most pref 
erably at least 30 amino acid residues. Preferred epitopes 
encompassed by the antigenic peptide are regions of NgR 
that are located on the Surface of the protein, e.g., hydro 
philic regions. 

0206. It will be understood that specific antibodies may 
also interact with other proteins (for example, S. aureuS 
protein A or other antibodies in ELISA techniques) through 
interactions with Sequences outside the variable region of 
the antibodies, and, in particular, in the constant region of 
the molecule. Screening assays to determine binding Speci 
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ficity of an antibody of the invention are well known and 
routinely practiced in the art. For a comprehensive discus 
sion of such assays, see Harlow et al. in ANTIBODIES: A 
LABORATORY MANUAL, Cold Spring Harbor Labora 
tory Press; Cold Spring Harbor, N.Y. (1988), Chapter 6. 
Antibodies that recognize and bind fragments of the NgR 
polypeptides of the invention are also contemplated, pro 
vided that the antibodies are specific for NgR polypeptides. 
Antibodies of the invention can be produced using any 
method well known and routinely practiced in the art. 
0207 For the production of polyclonal antibodies, vari 
ous Suitable host animals (e.g., rabbit, goat, mouse or other 
mammal) may be immunized by injection with the native 
protein, or a Synthetic variant thereof, or a derivative of the 
foregoing. An appropriate immunogenic preparation can 
contain, for example, recombinantly expressed NgR protein 
or a chemically Synthesized NgR polypeptide. The prepa 
ration can further include an adjuvant. Various adjuvants 
used to increase the immunological response include, but are 
not limited to, Freund's (complete and incomplete), mineral 
gels (e.g., aluminum hydroxide), Surface active Substances 
(e.g., lysolecithin, pluronic polyols, polyanions, peptides, oil 
emulsions, dinitrophenol, etc.), human adjuvants Such as 
Bacille Calmette-Guerin and Corynebacterium parvum or 
Similar immunostimulatory agents. If desired, the antibody 
molecules directed against NgR can be isolated from the 
mammal (e.g., from the blood) and further purified by well 
known techniques, Such as protein A chromatography to 
obtain the IgG fraction. 
0208. The term “monoclonal antibody” or “monoclonal 
antibody composition,” as used herein, refers to a population 
of antibody molecules that contain only one Species of an 
antigen binding Site capable of immunoreacting with a 
particular epitope of NgR. A monoclonal antibody compo 
Sition thus typically displays a Single binding affinity for a 
particular NgR protein with which it immunoreacts. For 
preparation of monoclonal antibodies directed towards a 
particular NgR protein, or derivatives, fragments, analogs or 
homologs thereof, any technique that provides for the pro 
duction of antibody molecules by continuous cell line cul 
ture may be utilized. Such techniques include, but are not 
limited to, the hybridoma technique (see Kohler and Mil 
stein (1975) Nature 256,495-497); the trioma technique; the 
human B-cell hybridoma technique (see Kozbor et al., 
(1983) Immunol. Today 4, 72) and the EBV hybridoma 
technique to produce human monoclonal antibodies (see 
Cole et al., (1985) in MONOCLONAL ANTIBODIES AND 
CANCERTHERAPY, Alan R. Liss, Inc., pp. 77-96). Human 
monoclonal antibodies may be utilized in the practice of the 
present invention and may be produced by using human 
hybridomas (see Cote et al., (1983) Proc. Natl. Acad. Sci. 
USA 80, 2026-2030) or by transforming human B-cells with 
Epstein Barr Virus in vitro (see Cole et al., (1985), above). 
0209 According to the invention, techniques can be 
adapted for the production of Single-chain antibodies Spe 
cific to a NgR protein (see e.g., U.S. Pat. No. 4,946,778). In 
addition, methods can be adapted for the construction of Fab 
expression libraries (see e.g., Huse et al., (1989) Science 
246, 1275-1281) to allow rapid and effective identification 
of monoclonal Fab fragments with the desired specificity for 
a NgR protein or derivatives, fragments, analogs or 
homologs thereof Non-human antibodies can be “human 
ized” by techniques well known in the art. See e.g., U.S. Pat. 



US 2003/O124704 A1 

No. 5,225,539. In one method, the non-human CDRS are 
inserted into a human antibody or consensus antibody 
framework Sequence. Further changes can then be intro 
duced into the antibody framework to modulate affinity or 
immunogenicity. Antibody fragments that contain the idio 
types to a NgR protein may be produced by techniques 
known in the art including, but not limited to: (i) an F(ab') 
fragment produced by pepsin digestion of an antibody 
molecule; (ii) an Fab fragment generated by reducing the 
disulfide bridges of an F(ab')2 fragment; (iii) an Fab frag 
ment generated by the treatment of the antibody molecule 
with papain and a reducing agent and (iv) F fragments. 
0210 Additionally, recombinant anti-NgR antibodies, 
Such as chimeric and humanized monoclonal antibodies, 
comprising both human and non-human portions, which can 
be made using Standard recombinant DNA techniques, are 
within the Scope of the invention. Such chimeric and human 
ized monoclonal antibodies can be produced by recombinant 
DNA techniques known in the art, for example using meth 
ods described in PCT International Application No. PCT/ 
US86/02269; European Patent Application No. 184, 187; 
European Patent Application No. 171,496; European Patent 
Application No. 173,494; PCT International Publication No. 
WO 86/01533; U.S. Pat. No. 4,816,567; European Patent 
Application No. 125,023; Better et al., (1988) Science 240, 
1041-1043; Liu et al., (1987) Proc. Natl. Acad. Sci. USA 84, 
3439-3443; Liu et al., (1987) J. Immunol. 139, 3521-3526; 
Sun et al., (1987) Proc. Natl. Acad. Sci. USA 84, 214-218; 
Nishimura et al., (1987) Cancer Res. 47,999-1005; Wood et 
al., (1985) Nature 314, 446-449; Shaw et al. (1988).J. Natl. 
Cancer Inst. 80, 1553–1559); Morrison (1985) Science 229, 
1202-1207; Oi et al., (1986) BioTechniques 4,214; U.S. Pat. 
No. 5.225,539; Jones et al., (1986) Nature 321, 552-525; 
Verhoeyan et al., (1988) Science 239, 1534; and Beidler et 
al., (1988) J. Immunol. 141, 4053-4060. 
0211. In a preferred embodiment of the invention a 
portion of a NgR is joined to an Fc portion of an antibody 
to form a NgR/Fc fusion protein. Preferably, the Ig fusion 
protein is soluble. The NgR/Fc fusion protein may be 
formed by recombinant techniques as described above. In 
one embodiment, a portion of a NgR including the entire 
amino acid Sequence of NgR except the C-terminal hydro 
phobic region is fused to an Fc portion of an antibody. In 
preferred embodiments, the NgR is a human NgR and the Fc 
is also human. More preferably, the human Fc portion is 
derived from an IgG antibody. In other embodiments, the 
N-terminal signal Sequence is omitted. Such antibodies are 
useful in binding Nogo to prevent Nogo Signaling through 
the NgR. 
0212. In one embodiment, methods for the screening of 
antibodies that possess the desired Specificity include, but 
are not limited to, enzyme-linked immunosorbent assay 
(ELISA) and other immunologically-mediated techniques 
known within the art. In a specific embodiment, Selection of 
antibodies that are specific to a particular domain of a NgR 
protein is facilitated by generation of hybridomas that bind 
to the fragment of a NgR protein possessing Such a domain. 
Antibodies that are specific for one or more domains within 
a NgR protein, e.g., domains Spanning the above-identified 
conserved regions of NgRS, or derivatives, fragments ana 
logs or homologs thereof, are also provided herein. 
0213 Anti-NgR antibodies may be used in methods 
known within the art relating to the localization and/or 
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quantitation of a NgR protein (e.g., for use in measuring 
levels of the NgR protein within appropriate physiological 
Samples, for use in diagnostic methods, for use in imaging 
the protein, and the like). In a given embodiment, antibodies 
for NgR proteins, or derivatives, fragments analogs or 
homologs thereof, that contain the antibody derived binding 
domain, are utilized as pharmacologically-active com 
pounds hereinafter “Therapeutics”). 
0214) An anti-NgR antibody (e.g., monoclonal antibody) 
can be used to isolate NgR by Standard techniques, Such as 
affinity chromatography or immunoprecipitation. An anti 
NgR antibody can facilitate the purification of natural NgR 
from cells and of recombinantly produced NgR expressed in 
host cells. Moreover, an anti-NgR antibody can be used to 
detect NgR protein (e.g., in a cellular lysate or cell Super 
natant) in order to evaluate the abundance and pattern of 
expression of the NgR protein. Anti-NgR antibodies can be 
used diagnostically to monitor protein levels in tissue as part 
of a clinical testing procedure, e.g., to, for example, deter 
mine the efficacy of a given treatment regimen. Detection 
can be facilitated by coupling (i.e., physically linking) the 
antibody to a detectable Substance. Examples of detectable 
Substances include various enzymes, prosthetic groups, fluo 
rescent materials, luminescent materials, bioluminescent 
materials and radioactive materials. Examples of Suitable 
enzymes include horseradish peroxidase, alkaline phos 
phatase, 3-galactosidase, or acetylcholinesterase; examples 
of Suitable prosthetic group complexes include Streptavidin/ 
biotin and avidin/biotin; examples of Suitable fluorescent 
materials include umbelliferone, fluorescein, fluorescein 
isothiocyanate, rhodamine, dichlorotriazinylamine fluores 
cein, dansyl chloride or phycoerythrin; an example of a 
luminescent material includes luminol; examples of biolu 
minescent materials include luciferase, luciferin and 
aequorin, and examples of Suitable radioactive material 
include 12I, 131I, 35S or H. 
0215. Another aspect of the present invention is directed 
to methods of inducing an immune response in a mammal 
against a polypeptide of the invention by administering to 
the mammal an amount of the polypeptide Sufficient to 
induce an immune response. The amount will be dependent 
on the animal Species, Size of the animal, and the like but can 
be determined by those skilled in the art. 
0216. Another aspect of the invention is directed to 
anti-idiotypic antibodies and anti-anti-idiotypic antibodies. 
An anti-idiotypic antibody is an antibody that recognizes 
determinants of another antibody (a target antibody). Gen 
erally, the anti-idiotypic antibody recognizes determinants 
of the antigen-binding Site of the target antibody. Typically, 
the target antibody is a monoclonal antibody. An anti 
idiotypic antibody is generally prepared by immunizing an 
animal (particularly, mice) of the same species and genetic 
type as the Source of the target monoclonal antibody, with 
the target monoclonal antibody. The immunized animal 
mounts an immune response to the idiotypic determinants of 
the target monoclonal antibody and produces antibodies 
against the idiotypic determinants of the target monoclonal 
antibody. Antibody-producing cells, Such as Splenic cells, of 
the immunized animal may be used to generate anti-idio 
typic monoclonal antibodies. Furthermore, an anti-idiotypic 
antibody may also be used to immunize animals to produce 
anti-anti-idiotypic antibodies. These immunized animals 
may be used to generate anti-anti-idiotypic monoclonal 
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antibodies using Standard techniques. The anti-anti-idiotypic 
antibodies may bind to the same epitope as the original, 
target monoclonal antibody used to prepare the anti-idio 
typic antibody. The anti-anti-idiotypic antibodies represent 
other monoclonal antibodies with the same antigen Speci 
ficity as the original target monoclonal antibody. 
0217. If the binding of the anti-idiotypic antibody with 
the target antibody is inhibited by the relevant antigen of the 
target antibody, and if the anti-idiotypic antibody induces an 
antibody response with the same Specificity as the target 
antibody, it mimics the antigen of the target antibody. Such 
an anti-idiotypic antibody is an “internal image anti-idio 
type' and is capable of inducing an antibody response as if 
it were the original antigen. (Bona and Kohler (1984) 
ANTI-IDIOTYPIC ANTIBODIES AND INTERNAL 
IMAGE, IN MONOCLONAL AND ANTI-IDIOTYPIC 
ANTIBODIES: PROBES FOR RECEPTOR STRUCTURE 
AND FUNCTION, Venter J. C. et al. (Eds), Alan R. Liss, 
New York, N.Y., pp 141-149, 1984). Vaccines incorporating 
internal image anti-idiotype antibodies have been shown to 
induce protective responses against Viruses, bacteria, and 
parasites (Kennedy et al., (1986) 232, 220-223; 1047; 
McNamara et al., (1985) Science 226, 1325-1326). Internal 
image anti-idiotypic antibodies have also been shown to 
induce immunity to tumor related antigens (Raychauhuri et 
al., (1986) J. Immunol. 137, 1743-1749; Raychauhuri et al., 
(1987) J. Immunol. 139, 3902-3910; Bhattacharya-Chatter 
jee et al., (1987).J. Immunol. 139, 1354-1360; Bhattacharya 
Chatterjee et al., (1988) J. Immunol. 141, 1398-1403; Her 
lyn. et al. (1989) Intern. Rev. Immunol. 4, 347-357; Chen et 
al. (1990) Cell Imm. Immunother. Cancer 351-359; Herlyn 
et al., (1991) in vivo 5, 615-624; Furuya et al. (1992) 
Anticancer Res. 12, 27-32; Mittelman, A. et al. (1992) Proc. 
Natl. Acad. Sci., USA 89, 466-470; Durrant. et al., (1994) 
Cancer Res. 54,4837-4840; Mittelman. et al. (1994) Cancer 
Res. 54, 415-421; Schmitt. et al. (1994) Hybridoma 13, 
389-396; Chakrobarty. et al. (1995) J. Immunother 18, 
95-103; Chakrobarty. et al. (1995) Cancer Res. 55, 1525 
1530; Foon, K. A. et al. (1995) Clin. Cancer Res. 1, 
1205-1294; Herlyn et al. (1995) Hybridoma 14, 159-166; 
Sclebusch et al. (1995) Hybridoma 14, 167-174; Herlyn. et 
al. (1996) Cancer Immunol Immunother: 43, 65-76). 
0218 Anti-idiotypic antibodies for NgR may be pre 
pared, for example, by immunizing an animal, Such as a 
mouse, with a immunogenic amount of a composition com 
prising NgR2 (SEQID NO:2), NgR3 (SEQ ID NOs:4 or 14), 
or immunogenic portion thereof, containing at least one 
antigenic epitope of NgR. The composition may also contain 
a Suitable adjuvant, and any carrier necessary to provide 
immunogenicity. Monoclonal antibodies recognizing NgR 
may be prepared from the cells of the immunized animal as 
described above. A monoclonal antibody recognizing an 
epitope of NgR is then Selected and used to prepare a 
composition comprising an immunogenic amount of the 
anti-NgR monoclonal antibody. Typically, a 25 to 200 ug 
dose of purified anti-NgR monoclonal would be sufficient in 
a Suitable adjuvant. 

0219 Animals may be immunized 2-6 times at 14 to 30 
day intervals between doses. Typically, animals are immu 
nized by any Suitable route of administration, Such as 
intraperitoneal, Subcutaneous, intravenous or a combination 
of these. Anti-idiotypic antibody production may be moni 
tored during the immunization period using Standard immu 
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noassay methods. Animals with Suitable titers of antibodies 
reactive with the target monoclonal antibodies may be 
reimmunized with the monoclonal antibody used as the 
immunogen three days before harvesting the antibody pro 
ducing cells. Preferably, Spleen cells are used, although other 
antibody producing cells may be selected. Antibody-produc 
ing cells are harvested and fused with myeloma cells to 
produce Hybridomas, as described above, and Suitable anti 
idiotypic antibody-producing cells are Selected. 
0220 Anti-anti-idiotypic antibodies are produced by 
another round of immunization and Hybridoma production 
by using the anti-idiotypic monoclonal antibody as the 
immunogen. 

0221) Antibodies of the invention are useful for, e.g., 
therapeutic purposes (by modulating activity of NgR), diag 
nostic purposes to detect or quantitate NgR, and purification 
of NgR. Therefore, kits comprising an antibody of the 
invention for any of the purposes described herein are also 
comprehended. 

0222 Kits 
0223) The present invention is also directed to kits, 
including pharmaceutical kits. The kits can comprise any of 
the nucleic acid molecules described above, any of the 
polypeptides described above, or any antibody which binds 
to a polypeptide of the invention as described above, as well 
appropriate controls, Such as positive and/or negative con 
trols. The kit preferably comprises additional components, 
Such as, for example, instructions, Solid Support, reagents 
helpful for quantification, and the like. For example, the kit 
can comprise: a labeled compound or agent capable of 
detecting NgR protein or mRNA in a biological Sample; 
means for determining the amount of NgR in the Sample; 
and means for comparing the amount of NgR in the Sample 
with a Standard. The compound or agent can be packaged in 
a Suitable container. 

0224 Screening Assays 

0225. The DNA and amino acid sequence information 
provided by the present invention also makes possible 
identification of binding partner compounds with which a 
NgR polypeptide or polynucleotide will interact. Methods to 
identify binding partner compounds include Solution assays, 
in vitro assays wherein NgR polypeptides are immobilized 
and cell-based assayS. Identification of binding partner com 
pounds of NgR polypeptides provides candidates for thera 
peutic or prophylactic intervention in pathologies associated 
with NgR normal and aberrant biological activity. 

0226. The invention also provides a method (also referred 
to herein as a "screening assay”) for identifying modulators, 
i.e., candidate or test compounds or agents (e.g., peptides, 
peptidomimetics, Small molecules (e.g., molecules of less 
than 1,000 Daltons) or other drugs) that bind to NgR 
proteins or have a Stimulatory or inhibitory effect on, for 
example, NgR expression or NgR activity. 

0227. In one embodiment, the invention provides assays 
for Screening candidate or test compounds which bind to or 
modulate the activity of a NgR protein or polypeptide or 
biologically active portion thereof. The test compounds of 
the present invention can be obtained using any of the 
numerous approaches in combinatorial library methods 
known in the art, including: biological libraries, Spatially 
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addressable parallel Solid phase or Solution phase libraries, 
Synthetic library methods requiring deconvolution; the “one 
bead one-compound” library method; and synthetic library 
methods using affinity chromatography Selection. The bio 
logical library approach is limited to peptide libraries, while 
the other four approaches are applicable to peptide, non 
peptide oligomer or Small molecule libraries of compounds 
(Lam (1997) Anticancer Drug Des. 12, 145). 
0228. Examples of methods for the synthesis of molecu 
lar libraries can be found in the art, for example in: DeWitt 
et al., (1993) Proc. Natl. Acad. Sci. USA 90,6909; Erb et al., 
(1994) Proc. Natl. Acad. Sci. USA 91,11422; Zuckermann et 
al. (1994).J. Med. Chem 37,2678; Cho et al., (1993) Science 
261, 1303; Carrell et al., (1994) Angew Chem. Int. Ed. Engl. 
33, 2059; Carell et al., (1994) Angew Chem. Int. Ed. Engl. 
33, 2061; and Gallop et al., (1994) J. Med. Chem 37, 1233. 
0229 Libraries of compounds may be presented in solu 
tion (e.g., Houghten (1992) BioTechniques 13, 412-421), or 
on beads (Lam (1991) Nature 354, 82-84), on chips (Fodor 
(1993) Nature 364,555-556), bacteria (Ladner, U.S. Pat. No. 
5,223,409), spores (Ladner, above), plasmids (Cull et al. 
(1992) Proc. Natl. Acad. Sci. USA 89, 1865-1869) or on 
phage (Scott and Smith (1990) Science 249, 386-390; Dev 
lin (1990) Science 249, 404–406; Cwirla et al. (1990) Proc. 
Natl. Acad. Sci. USA 87, 6378-6382; Felici (1991) J. Mol. 
Biol. 222, 301-310; Ladner, above). 
0230) 1. Cell-Based Assays 
0231. The invention also provides cell-based assays to 
identify binding partner compounds of a NgR polypeptide. 
In one embodiment, the invention provides a method com 
prising the Steps of contacting a NgR polypeptide expressed 
on the Surface of a cell with a candidate binding partner 
compound and detecting binding of the candidate binding 
partner compound to the NgR polypeptide. In another 
embodiment, an assay is a cell-based assay comprising 
contacting a cell expressing a membrane-bound form of 
NgR protein, or a biologically active portion thereof, on the 
cell Surface with a test compound and determining the 
ability of the test compound to modulate (e.g., Stimulate or 
inhibit) the activity of the NgR protein or biologically active 
portion thereof. 
0232. In one embodiment, an assay is a cell-based assay 
in which a cell which expresses a membrane-bound form of 
NgR protein, or a biologically active portion thereof, on the 
cell Surface is contacted with a test compound and the ability 
of the test compound to bind to a NgR protein determined. 
The cell, for example, can be of mammalian origin or a yeast 
cell. Determining the ability of the test compound to bind to 
the NgR protein can be accomplished, for example, by 
coupling the test compound with a radioisotope or enzy 
matic label Such that binding of the test compound to the 
NgR protein or biologically active portion thereof can be 
determined by detecting the labeled compound in a com 
plex. For example, test compounds can be labeled with 'I, 
S, 'C, or H, either directly or indirectly, and the radio 

isotope detected by direct counting of radioemission or by 
Scintillation counting. Alternatively, test compounds can be 
enzymatically labeled with, for example, horseradish per 
oxidase, alkaline phosphatase or luciferase, and the enzy 
matic label detected by determination of conversion of an 
appropriate Substrate to product. In one embodiment, the 
assay comprises contacting a cell which expresses a mem 
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brane-bound form of NgR protein or a biologically active 
portion thereof, on the cell Surface with a known compound 
which binds NgR to form an assay mixture, contacting the 
assay mixture with a test compound, and determining the 
ability of the test compound to interact with a NgR protein, 
wherein determining the ability of the test compound to 
interact with a NgR protein comprises determining the 
ability of the test compound to preferentially bind to NgR or 
a biologically active portion thereof as compared to the 
known compound. 
0233. Determining the ability of the test compound to 
modulate the activity of Ngr or a biologically active portion 
thereof can be accomplished, for example, by determining 
the ability of the NgR protein to bind to or interact with a 
NgR target molecule. AS used herein, a "target molecule' is 
a molecule with which a NgR protein binds or interacts in 
nature, for example, a molecule on the Surface of a cell 
which expresses a NgR protein, a molecule on the Surface of 
a Second cell, a molecule in the extracellular milieu, a 
molecule associated with the internal Surface of a cell 
membrane or a cytoplasmic molecule. A NgR target mol 
ecule can be a non-NgR molecule or a NgR protein or 
polypeptide of the present invention. In one embodiment, a 
NgR target molecule is a component of a Signal transduction 
pathway that facilitates transduction of an extracellular 
Signal (e.g., a signal generated by binding of a compound to 
a membrane-bound NgR molecule) through the cell mem 
brane and into the cell. The target, for example, can be a 
Second intercellular protein that has catalytic activity or a 
protein that facilitates the association of downstream Sig 
naling molecules with NgR. In a preferred embodiment, the 
detection comprises detecting a calcium flux or other physi 
ological event in the cell caused by the binding of the 
molecule. 

0234 Specific binding molecules, including natural 
ligands and Synthetic compounds, can be identified or devel 
oped using isolated or recombinant NgR products, NgR 
variants, or preferably, cells expressing Such products. Bind 
ing partners are useful for purifying NgR products and 
detection or quantification of NgR products in fluid and 
tissue Samples using known immunological procedures. 
Binding molecules are also manifestly useful in modulating 
(i.e., blocking, inhibiting or stimulating) biological activities 
of NgR, especially those activities involved in Signal trans 
duction. 

0235 2. Cell-Free Assays 
0236 (a) Direct Binding: 
0237) The invention includes several assay systems for 
identifying NgR binding partners. In Solution assays, meth 
ods of the invention comprise the Steps of (a) contacting a 
NgR polypeptide with one or more candidate binding part 
ner compounds and (b) identifying the compounds that bind 
to the NgR polypeptide. Identification of the compounds that 
bind the NgR polypeptide can be achieved by isolating the 
NgR polypeptide/binding partner complex and Separating 
the binding partner compound from the NgR polypeptide. 
An additional Step of characterizing the physical, biological 
and/or biochemical properties of the binding partner com 
pound is also comprehended in another embodiment of the 
invention. In one aspect, the NgR polypeptide/binding part 
ner complex is isolated using an antibody immunospecific 
for either the NgR polypeptide or the candidate binding 
partner compound. 



US 2003/O124704 A1 

0238. In still other embodiments, either the NgR 
polypeptide or the candidate binding partner compound 
comprises a label or tag that facilitates its isolation, and 
methods of the invention to identify binding partner com 
pounds include a step of isolating the NgR polypeptide/ 
binding partner complex through interaction with the label 
or tag. An exemplary tag of this type is a poly-histidine 
Sequence, generally around Six histidine residues, that per 
mits isolation of a compound So labeled using nickel che 
lation. Other labels and tags, such as the FLAG(R) tag 
(Eastman Kodak, Rochester, N.Y.), well known and rou 
tinely used in the art, are embraced by the invention. 
0239 (b) Immobilized NgR 
0240. In one variation of an in vitro assay, the invention 
provides a method comprising the steps of (a) contacting an 
immobilized NgR polypeptide, or a biologically active frag 
ment thereof with a candidate binding partner compound 
and (b) detecting binding of the candidate compound to the 
NgR polypeptide. In an alternative embodiment, the candi 
date binding partner compound is immobilized and binding 
of NgR is detected. Immobilization is accomplished using 
any of the methods well known in the art, including covalent 
bonding to a Support, a bead or a chromatographic resin, as 
well as non-covalent, high affinity interactions Such as 
antibody binding, or use of Streptavidin/biotin binding 
wherein the immobilized compound includes a biotin moi 
ety. Binding of a test compound to NgR, or interaction of 
NgR with a target molecule in the presence and absence of 
a candidate compound, can be accomplished in any vessel 
Suitable for containing the reactants. Examples of Such 
vessels include microtiter plates, test tubes, and micro 
centrifuge tubes. In one embodiment, a fusion protein can be 
provided that adds a domain that allows one or both of the 
proteins to be bound to a matrix. For example, and not by 
way of limitation, GST-NgR fusion proteins or GST-target 
fusion proteins can be adsorbed onto glutathione Sepharose 
beads (Sigma Chemical, St. Louis, Mo.) or glutathione 
derivatized microtiter plates, that are then combined with the 
test compound or the test compound and either the non 
adsorbed target protein or NgR protein, and the mixture is 
incubated under conditions conducive to complex formation 
(e.g., at physiological conditions for Salt and pH). Following 
incubation, the beads or microtiter plate wells are washed to 
remove any unbound components, the matrix immobilized 
in the case of beads, and the complexes determined either 
directly or indirectly, for example, as described above. 
Alternatively, the complexes can be dissociated from the 
matrix, and the level of NgR binding or activity determined 
using Standard techniques. 
0241. Other techniques for immobilizing proteins on 
matrices can also be used in the Screening assays of the 
invention. For example, either NgR or its target molecule 
can be immobilized utilizing conjugation of biotin and 
Streptavidin. Biotinylated NgR or target molecules can be 
prepared from biotin-NHS (N-hydroxy-Succinimide) using 
techniques well known in the art (e.g., biotinylation kit, 
Pierce Chemicals, Rockford, Ill.), and immobilized in the 
wells of streptavidin-coated 96 well plates (Pierce Chemi 
cal). Alternatively, antibodies reactive with NgR or target 
molecules, but which do not interfere with binding of the 
NgR protein to its target molecule, can be derivatized to the 
Wells of the plate, and unbound target or NgR trapped in the 
Wells by antibody conjugation. Methods for detecting Such 
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complexes, in addition to those described above for the 
GST immobilized complexes, include immunodetection of 
complexes using antibodies reactive with the NgR or target 
molecule, as well as enzyme-linked assays that rely on 
detecting an enzymatic activity associated with the NgR or 
target molecule. 

0242 Detection of binding can be accomplished (i) using 
a radioactive label on the compound that is not immobilized, 
(ii) using of a fluorescent label on the non-immobilized 
compound, (iii) using an antibody immunospecific for the 
non-immobilized compound, (iv) using a label on the non 
immobilized compound that excites a fluorescent Support to 
which the immobilized compound is attached, (v) determin 
ing the activity of the NgR, as well as other techniques well 
known and routinely practiced in the art. 

0243 Determining the activity of the target molecule, for 
example, may be accomplished by detecting induction of a 
cellular Second messenger of the target (i.e. intracellular 
Ca", diacylglycerol, IPs, etc.), detecting catalytic/enzy 
matic activity of the target an appropriate Substrate, detect 
ing the induction of a reporter gene (comprising a NgR 
responsive regulatory element operatively linked to a 
nucleic acid encoding a detectable marker, e.g., luciferase), 
or detecting a cellular response, for example, cell Survival, 
cellular differentiation, or cell proliferation. 

0244 (c) Competition Experiments 

0245. In yet another embodiment, the assay comprises 
contacting the NgR protein or biologically active portion 
thereof with a known compound which binds NgR to form 
an assay mixture, contacting the assay mixture with a test 
compound, and determining the ability of the test compound 
to interact with a NgR protein, wherein determining the 
ability of the test compound to interact with a NgR protein 
comprises determining the ability of the test compound to 
preferentially bind to NgR or biologically active portion 
thereof as compared to the known compound. 

0246. In yet another embodiment, the cell-free assay 
comprises contacting the NgR protein or biologically active 
portion thereof with a known compound which binds NgR 
to form an assay mixture, contacting the assay mixture with 
a test compound, and determining the ability of the test 
compound to interact with a NgR protein, wherein deter 
mining the ability of the test compound to interact with a 
NgR protein comprises determining the ability of the NgR 
protein to modulate the activity of a NgR target molecule. 

0247 The cell-free assays of the present invention are 
amenable to use of both the soluble form or the membrane 
bound form of NgR. In the case of cell-free assays com 
prising the membrane-bound form of NgR, it may be desir 
able to utilize a Solubilizing agent Such that the membrane 
bound form of NgR is maintained in solution. Examples of 
Such Solubilizing agents include non-ionic detergents Such 
as n-octylglucoside, n-dodecylglucoside, n-dodecylmalto 
Side, octanoyl-N-methylglucamide, decanoyl-N-methylglu 
camide, Triton(R) X-100, TritonTM X-114, Thesit(R), Isotride 
cypoly(ethylene glycol ether), 3-(3- 
cholamidopropyl)dimethylamminiol-1-propane Sulfonate 
(CHAPS), 3-(3-cholamidopropyl)dimethylamminiol-2-hy 
droxy-1-propane sulfonate (CHAPSO), or N-dodecyl-N,N- 
dimethyl-3-ammonio-1-propane Sulfonate. 
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0248 Modulators 
0249 Agents that modulate (i.e., increase, decrease, or 
block) NgR activity or expression may be identified by 
incubating a putative modulator with a cell containing a 
NgR polypeptide or polynucleotide and determining the 
effect of the putative modulator on NgR activity or expres 
Sion. The Selectivity of a compound that modulates the 
activity of NgR can be evaluated by comparing its effects on 
NgR to its effect on other NgR compounds. Selective 
modulators may include, for example, antibodies and other 
proteins, peptides or organic molecules which specifically 
bind to a NgR polypeptide or a NgR-encoding nucleic acid. 
Modulators of NgR activity will be therapeutically useful in 
treatment of diseases and physiological conditions in which 
normal or aberrant NgR activity is involved. NgR poly 
nucleotides, polypeptides and modulators may be used in the 
treatment of Such diseases and conditions associated with 
demyelination. NgR polynucleotides and polypeptides, as 
well as NgR modulators, may also be used in diagnostic 
assays for Such diseases or conditions. 
0250 Methods of the invention to identify modulators 
include variations on any of the methods described above to 
identify binding partner compounds, the variations including 
techniques wherein a binding partner compound has been 
identified and the binding assay is carried out in the presence 
and absence of a candidate modulator. A modulator is 
identified in those instances where binding between the NgR 
polypeptide and the binding partner compound changes in 
the presence of the candidate modulator compared to bind 
ing in the absence of the candidate modulator compound. A 
modulator that increases binding between the Ngr polypep 
tide and the binding partner compound is described as an 
enhancer or activator, and a modulator that decreases bind 
ing between the NgR polypeptide and the binding partner 
compound is described as an inhibitor. 
0251. In another embodiment, modulators of NgR 
expression may be identified in a method wherein a cell is 
contacted with a candidate compound and the expression of 
NgR mRNA or protein in the cell is determined. The level 
of expression of NgR mRNA or protein in the presence of 
the candidate compound is compared to the level of expres 
sion of NgR mRNA or protein in the absence of the 
candidate compound. The candidate compound can then be 
identified as a modulator of NgR expression based on this 
comparison. For example, when expression of NgR mRNA 
or protein is greater (statistically significantly greater) in the 
presence of the candidate compound than in its absence, the 
candidate compound is identified as a Stimulator of NgR 
mRNA or protein expression. Alternatively, when expres 
sion of NgR mRNA or protein is less (statistically signifi 
cantly less) in the presence of the candidate compound than 
in its absence, the candidate compound is identified as an 
inhibitor of NgR mRNA or protein expression. The level of 
NgR mRNA or protein expression in the cells can be 
determined by methods described herein for detecting NgR 
mRNA or protein. 
0252) High Throughput Screening 
0253) The invention also comprehends high-throughput 
Screening (HTS) assays to identify compounds that interact 
with or inhibit biological activity (i.e., affect enzymatic 
activity, binding activity, etc.) of a NgR polypeptide. HTS 
assays permit Screening of large numbers of compounds in 
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an efficient manner. Cell-based HTS systems are contem 
plated to investigate NgR receptor-ligand interaction. HTS 
assays are designed to identify “hits” or "lead compounds' 
having the desired property, from which modifications can 
be designed to improve the desired property. Chemical 
modification of the "hit' or “lead compound” is often based 
on an identifiable Structure/activity relationship between the 
“hit” and the NgR polypeptide. 
0254 Another aspect of the present invention is directed 
to methods of identifying compounds that bind to either 
NgR or nucleic acid molecules encoding NgR, comprising 
contacting NgR, or a nucleic acid molecule encoding the 
Same, with a compound, and determining whether the com 
pound binds NgR or a nucleic acid molecule encoding the 
Same. Binding can be determined by binding assays which 
are well known to the Skilled artisan, including, but not 
limited to, gel-shift assays, Western blots, radiolabeled com 
petition assay, phage-based expression cloning, co-fraction 
ation by chromatography, co-precipitation, croSS linking, 
interaction trap/two-hybrid analysis, Southwestern analysis, 
ELISA, and the like, which are described in, for example, 
Ausubel et al. (Eds.),CURRENT PROTOCOLS TN 
MOLECULAR BIOLOGY, 1999, John Wiley & Sons, NY, 
which is incorporated herein by reference in its entirety. The 
NgR proteins, for example, can be used as "bait proteins' in 
a two-hybrid assay or three hybrid assay (See, e.g., U.S. Pat. 
No. 5,283,317; Zervos et al., (1993) Cell 72, 223-232; 
Madura et al., (1993) J. Biol. Chem. 268, 12046-12054; 
Bartel et al., (1993) BioTechniques 14,920-924; Iwabuchi et 
al., (1993) Oncogene 8, 1693-1696; and Brent WO 
94/10300), to identify other proteins that bind to or interact 
with NgR (“NgR-binding proteins” or “NgR-bp”) and 
modulate NgR activity. Such NgR-binding proteins are also 
likely to be involved in the propagation of Signals by the 
NgR proteins as, for example, upstream or downstream 
elements of the NgR pathway. 
0255. Other assays may be used to identify specific 
ligands of a NgR receptor, including assays that identify 
ligands of the target protein through measuring direct bind 
ing of test ligands to the target protein, as well as assays that 
identify ligands of target proteins through affinity ultrafil 
tration with ion spray mass spectroscopy/HPLC methods or 
other physical and analytical methods. Alternatively, Such 
binding interactions are evaluated indirectly using the yeast 
two-hybrid system described in Fields et al., (1989) Nature 
340, 245-246, and Fields et al., (1994) Trends Genet. 10, 
286-292, both of which are incorporated herein by reference. 
The two-hybrid System is a genetic assay based on the 
modular nature of most transcription factors used for detect 
ing interactions between two proteins or polypeptides. It can 
be used to identify proteins that bind to a known protein of 
interest, or to delineate domains or residues critical for an 
interaction. Variations on this methodology have been devel 
oped to clone genes that encode DNA binding proteins, to 
identify peptides that bind to a protein, and to Screen for 
drugs. The two-hybrid system exploits the ability of a pair of 
interacting proteins to bring a transcription activation 
domain into close proximity with a DNA binding domain 
that binds to an upstream activation sequence (UAS) of a 
reporter gene, and is generally performed in yeast. The assay 
requires the construction of two hybrid genes encoding (1) 
a DNA-binding domain that is fused to a first protein and (2) 
an activation domain fused to a second protein. The DNA 
binding domain targets the first hybrid protein to the UAS of 
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the reporter gene; however, because most proteins lack an 
activation domain, this DNA-binding hybrid protein does 
not activate transcription of the reporter gene. The Second 
hybrid protein, which contains the activation domain, cannot 
by itself activate expression of the reporter gene because it 
does not bind the UAS. However, when both hybrid proteins 
are present, the noncovalent interaction of the first and 
Second proteins tethers the activation domain to the UAS, 
activating transcription of the reporter gene. For example, 
when the first protein is a NgR gene product, or fragment 
thereof, that is known to interact with another protein or 
nucleic acid, this assay can be used to detect agents that 
interfere with the binding interaction. Expression of the 
reporter gene is monitored as different test agents are added 
to the System. The presence of an inhibitory agent results in 
lack of a reporter Signal. The compounds to be Screened 
include (which may include compounds that are Suspected to 
bind NgR, or a nucleic acid molecule encoding the same), 
but are not limited to, extracellular, intracellular, biological 
or chemical origin. 
0256 The function of the NgR gene product is unclear 
and no ligands have yet been found which bind the gene 
product. The yeast two-hybrid assay is useful to identify 
proteins that bind to the gene product. In an assay to identify 
proteins that bind to a NgR receptor, or fragment thereof, a 
fusion polynucleotide encoding both a NgR receptor (or 
fragment) and a UAS binding domain (i.e., a first protein) 
may be used. In addition, a large number of hybrid genes 
each encoding a different Second protein fused to an acti 
Vation domain are produced and Screened in the assay. 
Typically, the Second protein is encoded by one or more 
members of a total cDNA or genomic DNA fusion library, 
with each Second protein-coding region being fused to the 
activation domain. This System is applicable to a wide 
variety of proteins, and it is not even necessary to know the 
identity or function of the Second binding protein. The 
System is highly Sensitive and can detect interactions not 
revealed by other methods, even transient interactions may 
trigger transcription to produce a stable mRNA that can be 
repeatedly translated to yield the reporter protein. 
0257). Other assays may be used to search for agents that 
bind to the target protein. One Such Screening method to 
identify direct binding of test ligands to a target protein is 
described in U.S. Pat. No. 5,585,277, incorporated herein by 
reference. This method relies on the principle that proteins 
generally exist as a mixture of folded and unfolded States, 
and continually alternate between the two states. When a test 
ligand binds to the folded form of a target protein (i.e., when 
the test ligand is a ligand of the target protein), the target 
protein molecule bound by the ligand remains in its folded 
State. Thus, the folded target protein is present to a greater 
extent in the presence of a test ligand which binds the target 
protein, than in the absence of a ligand. Binding of the ligand 
to the target protein can be determined by any method which 
distinguishes between the folded and unfolded states of the 
target protein. The function of the target protein need not be 
known in order for this assay to be performed. Virtually any 
agent can be assessed by this method as a test ligand, 
including, but not limited to, metals, polypeptides, proteins, 
lipids, polysaccharides, polynucleotides and Small organic 
molecules. 

0258 Another method for identifying ligands of a target 
protein is described in Wieboldt et al. (1997) Anal. Chem. 
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69:1683-1691, incorporated herein by reference. This tech 
nique Screens combinatorial libraries of 20-30 agents at a 
time in Solution phase for binding to the target protein. 
Agents that bind to the target protein are Separated from 
other library components by Simple membrane Washing. The 
Specifically Selected molecules that are retained on the filter 
are Subsequently liberated from the target protein and ana 
lyzed by HPLC and pneumatically assisted electrospray (ion 
spray) ionization mass spectroscopy. This procedure Selects 
library components with the greatest affinity for the target 
protein, and is particularly useful for Small molecule librar 
CS. 

0259. The methods of the invention also embrace ligands, 
especially neuropeptides, that are attached to a label, Such as 
a radiolabel (e.g., I, S, P. P. H), a fluorescence 
label, a chemiluminescent label, an enzymic label and an 
immunogenic label. ModulatorS falling within the Scope of 
the invention include, but are not limited to, non-peptide 
molecules Such as non-peptide mimetics, non-peptide allos 
teric effectors, and peptides. The NgR polypeptide or poly 
nucleotide employed in Such a test may either be free in 
Solution, attached to a Solid Support, borne on a cell Surface 
or located intracellularly or associated with a portion of a 
cell. One skilled in the art can, for example, measure the 
formation of complexes between NgR and the compound 
being tested. Alternatively, one skilled in the art can examine 
the diminution in complex formation between NgR and its 
Substrate caused by the compound being tested. 

0260 Another aspect of the present invention is directed 
to methods of identifying compounds which modulate (i.e., 
increase or decrease) activity of NgR comprising contacting 
NgR with a compound, and determining whether the com 
pound modifies activity of NgR. The activity in the presence 
of the test compared is measured to the activity in the 
absence of the test compound. Where the activity of the 
Sample containing the test compound is higher than the 
activity in the Sample lacking the test compound, the com 
pound will have increased activity. Similarly, where the 
activity of the Sample containing the test compound is lower 
than the activity in the Sample lacking the test compound, 
the compound will have inhibited activity. 

0261) The present invention is particularly useful for 
Screening compounds by using NgR in any of a variety of 
drug Screening techniques. The compounds to be Screened 
include (which may include compounds which are Suspected 
to modulate NgR activity), but are not limited to, extracel 
lular, intracellular, biologic or chemical origin. The NgR 
polypeptide employed in Such a test may be in any form, 
preferably, free in Solution, attached to a Solid Support, borne 
on a cell Surface or located intracellularly. One skilled in the 
art can, for example, measure the formation of complexes 
between NgR and the compound being tested. Alternatively, 
one skilled in the art can examine the diminution in complex 
formation between Nogo-R and its substrate caused by the 
compound being tested. 

0262 The activity of NgR polypeptides of the invention 
can be determined by, for example, examining the ability to 
bind or be activated by chemically Synthesized peptide 
ligands. Alternatively, the activity of the NgR can be assayed 
by examining their ability to bind calcium ions, hormones, 
chemokines, neuropeptides, neurotransmitters, nucleotides, 
lipids, odorants and photons. Alternatively, the activity of 
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the NgR can be determined by examining the activity of 
effector molecules including, but not limited to, adenylate 
cyclase, phospholipases and ion channels. Thus, modulators 
of NgR activity may alter a NgR receptor function, Such as 
a binding property of a receptor or an activity. In various 
embodiments of the method, the assay may take the form of 
an ion flux assay, a yeast growth assay, a non-hydrolyzable 
GTPassay such as a S-GTP Sassay, a cAMP assay, an 
inositol triphosphate assay, a diacylglycerol assay, an 
Aequorin assay, a Luciferase assay, a FLIPR assay for 
intracellular Ca" concentration, a mitogenesis assay, a MAP 
Kinase activity assay, an arachidonic acid release assay (e.g., 
using H-arachidonic acid) and an assay for extracellular 
acidification rates, as well as other binding or function-based 
assays of NgR activity that are generally known in the art. 
NgR activity can be determined by methodologies that are 
used to assay for FaRP activity, which is well known to those 
skilled in the art. Biological activities of NgR receptors 
according to the invention include, but are not limited to, the 
binding of a natural or an unnatural ligand, as well as any 
one of the functional activities of NgRs known in the art. 
Non-limiting examples of NgR activities include transmem 
brane Signaling of various forms, which may involve phoS 
phatidylinositol (PI) association and/or the exertion of an 
influence over PI; another exemplary activity of NgRS is the 
binding of accessory proteins or polypeptides that differ 
from known GPI proteins. 
0263. The modulators of the invention exhibit a variety of 
chemical Structures, which can be generally grouped into 
non-peptide mimetics of natural NgR receptor ligands, pep 
tide and non-peptide allosteric effectors of NgR receptors, 
and peptides that may function as activators or inhibitors 
(competitive, uncompetitive and non-competitive) (e.g., 
antibody products) of NgR receptors. The invention does not 
restrict the Sources for Suitable modulators, which may be 
obtained from natural Sources Such as plant, animal or 
mineral extracts, or non-natural Sources Such as Small mol 
ecule libraries, including the products of combinatorial 
chemical approaches to library construction, and peptide 
libraries. 

0264. Other assays can be used to examine enzymatic 
activity including, but not limited to, photometric, radio 
metric, HPLC, electrochemical, and the like, which are 
described in, for example, ENZYME ASSAYS: A PRAC 
TICAL APPROACH, Eisenthal and Danson (Eds.), 1992, 
Oxford University Press, which is incorporated herein by 
reference in its entirety. 
0265. The use of cDNAS in drug discovery programs is 
well-known; assays capable of testing thousands of 
unknown compounds per day in high-throughput Screens 
(HTSs) are thoroughly documented. The literature is replete 
with examples of the use of radiolabelled ligands in HTS 
binding assays for drug discovery (see Williams (1991) Med. 
Res. Rev., 11, 147-184; Sweetnam et al., (1993).J. Nat. Prod. 
56, 441-455 for review). Recombinant receptors are pre 
ferred for binding assay HTS because they allow for better 
Specificity (higher relative purity), provide the ability to 
generate large amounts of receptor material, and can be used 
in a broad variety of formats (see Hodgson (1992) Bio/ 
Technology 10, 973-980; each of which is incorporated 
herein by reference in its entirety). 
0266 A variety of heterologous systems is available for 
functional expression of recombinant receptors that are well 
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known to those skilled in the art. Such systems include 
bacteria (Strosberg et al. (1992) Trends Pharmacol. Sci. 13, 
95-98), yeast (Pausch (1997) Trends Biotechnol. 15, 487 
494), several kinds of insect cells (Vanden Broeck (1996) 
Int. Rev. Cytol. 164, 189-268), amphibian cells (Jayawick 
reme et al. (1997) Curr. Opin. Biotechnol. 8, 629-634) and 
several mammalian cell lines (CHO, HEK293, COS, etc.; 
see Gerhardt et al. (1997) Eur: J. Pharmacol. 334, 1-23). 
These examples do not preclude the use of other possible 
cell expression Systems, including cell lines obtained from 
nematodes (PCT application WO 98/37177). 
0267 In preferred embodiments of the invention, meth 
ods of Screening for compounds which modulate NgR 
activity comprise contacting test compounds with NgR and 
assaying for the presence of a complex between the com 
pound and NgR. In Such assays, the ligand is typically 
labeled. After Suitable incubation, free ligand is separated 
from that present in bound form, and the amount of free or 
uncomplexed label is a measure of the ability of the par 
ticular compound to bind to NgR. 

0268. In another embodiment of the invention, high 
throughput Screening for compounds having Suitable bind 
ing affinity to NgR is employed. Briefly, large numbers of 
different Small peptide test compounds are Synthesized on a 
Solid Substrate. The peptide test compounds are contacted 
with NgR and washed. Bound NgR is then detected by 
methods well known in the art. Purified polypeptides of the 
invention can also be coated directly onto plates for use in 
the aforementioned drug Screening techniques. In addition, 
non-neutralizing antibodies can be used to capture the 
protein and immobilize it on the Solid Support. 
0269 Generally, an expressed NgR can be used for HTS 
binding assays in conjunction with its defined ligand. The 
identified peptide is labeled with a Suitable radioisotope, 
including, but not limited to, 'I, H, S or P. by methods 
that are well known to those skilled in the art. Alternatively, 
the peptides may be labeled by well-known methods with a 
suitable fluorescent derivative (Baindur et al. (1994) Drug 
Dev. Res. 33,373-398; Rogers (1997) Drug Discov: Today 2, 
156-160). Radioactive ligand specifically bound to the 
receptor in membrane preparations made from the cell line 
expressing the recombinant protein can be detected in HTS 
assays in one of Several Standard ways, including filtration 
of the receptor-ligand complex to Separate bound ligand 
from unbound ligand (Williams (1991) Med. Res. Rev. 11, 
147-184; Sweetnam et al. (1993).J. Nat. Prod. 56, 441-455). 
Alternative methods include a Scintillation proximity assay 
(SPA) or a FlashPlate format in which such separation is 
unnecessary (Nakayama (1998) Curr. Opin. Drug Disc. Dev. 
1, 85-91 Bosse et al. (1998) J. Biomol. Screening 3, 285 
292). Binding of fluorescent ligands can be detected in 
various ways, including fluorescence energy transfer 
(FRET), direct spectrophotofluorometric analysis of bound 
ligand, or fluorescence polarization (Rogers (1997) Drug 
Discov. Today 2, 156-160; Hill (1998) Curr. Opin. Drug 
Disc. Dev. 1,92-97). 
0270. Examples of Such biological responses include, but 
are not limited to, the following: the ability to survive in the 
absence of a limiting nutrient in Specifically engineered 
yeast cells (Pausch (1997) Trends in Biotechnol. 15, 487 
494); changes in intracellular Ca concentration as measured 
by fluorescent dyes (Murphy et al. (1998) Cur. Opin. Drug 
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Disc. Dev. 1, 192-199). Fluorescence changes can also be 
used to monitor ligand-induced changes in membrane poten 
tial or intracellular pH; an automated System Suitable for 
HTS has been described for these purposes (Schroeder et al. 
(1996) J. Biomol. Screening 1, 75-80). Melanophores pre 
pared from Xenopus laevis show a ligand-dependent change 
in pigment organization in response to heterologous NgR 
activation; this response is adaptable to HTS formats 
(Jayawickreme et al. (1997) Curr. Opin. Biotechnol. 8, 
629-634). Assays are also available for the measurement of 
common Second messengers, including cAMP, phosphoi 
nositides and arachidonic acid, but these are not generally 
preferred for HTS. 
0271 Preferred methods of HTS employing these recep 
tors include permanently transfected CHO cells, in which 
agonists and antagonists can be identified by the ability to 
transduce the Signal for the binding of Nogo in membranes 
prepared from these cells through the putative GPI anchor. 
In another embodiment of the invention, permanently trans 
fected CHO cells could be used for the preparation of 
membranes which contain Significant amounts of the recom 
binant receptor proteins; these membrane preparations 
would then be used in receptor binding assays, employing 
the radiolabelled ligand Specific for the particular receptor. 
Alternatively, a functional assay, Such as fluorescent moni 
toring of ligand-induced changes in internal Ca" concen 
tration or membrane potential in permanently transfected 
CHO cells containing each of these receptors individually or 
in combination would be preferred for HTS. Equally pre 
ferred would be an alternative type of mammalian cell, Such 
as HEK293 or COS cells, in similar formats. More preferred 
would be permanently transfected insect cell lines, Such as 
Drosophila S2 cells. Even more preferred would be recom 
binant yeast cells expressing the Drosophila melanogaster 
receptors in HTS formats well known to those skilled in the 
art (e.g., Pausch (1997), above). 
0272. The invention contemplates a multitude of assays 
to screen and identify inhibitors of ligand binding to NgR 
receptors. In one example, the NgR receptor is immobilized 
and interaction with a binding partner is assessed in the 
presence and absence of a candidate modulator Such as an 
inhibitor compound. In another example, interaction 
between the NgR receptor and its binding partner is assessed 
in a Solution assay, both in the presence and absence of a 
candidate inhibitor compound. In either assay, an inhibitor is 
identified as a compound that decreases binding between the 
NgR receptor and its binding partner. Another contemplated 
assay involves a variation of the di-hybrid assay wherein an 
inhibitor of protein/protein interactions is identified by 
detection of a positive Signal in a transformed or transfected 
host cell, as described in PCT publication number WO 
95/20652, published Aug. 3, 1995. 
0273 Candidate modulators contemplated by the inven 
tion include compounds Selected from libraries of either 
potential activators or potential inhibitors. There are a num 
ber of different libraries used for the identification of Small 
molecule modulators, including: (1) chemical libraries, (2) 
natural product libraries, and (3) combinatorial libraries 
comprised of random peptides, oligonucleotides or organic 
molecules. Chemical libraries consist of random chemical 
Structures, Some of which are analogs of known compounds 
or analogs of compounds that have been identified as “hits” 
or “leads' in other drug discovery Screens, Some of which 
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are derived from natural products, and Some of which arise 
from non-directed Synthetic organic chemistry. Natural 
product libraries are collections of microorganisms, animals, 
plants, or marine organisms that are used to create mixtures 
for Screening by: (1) fermentation and extraction of broths 
from Soil, plant or marine microorganisms or (2) extraction 
of plants or marine organisms. Natural product libraries 
include polyketides, non-ribosomal peptides, and variants 
(non-naturally occurring) thereof. For a review, see Cane et 
al., Science (1998) 282, 63-68. Combinatorial libraries are 
composed of large numbers of peptides, oligonucleotides, or 
organic compounds as a mixture. These libraries are rela 
tively easy to prepare by traditional automated Synthesis 
methods, PCR, cloning, or proprietary Synthetic methods. 
Of particular interest are non-peptide combinatorial librar 
ies. Still other libraries of interest include peptide, protein, 
peptidomimetic, multiparallel Synthetic collection, recom 
binatorial, and polypeptide libraries. For a review of com 
binatorial chemistry and libraries created therefrom, See 
Myers (1997) Curr. Opin. Biotechnol. 8, 701-707. Identifi 
cation of modulators through use of the various libraries 
described herein permits modification of the candidate “hit” 
(or “lead”) to optimize the capacity of the “hit” to modulate 
activity. 

0274 Still other candidate inhibitors contemplated by the 
invention can be designed and include Soluble forms of 
binding partners, as well as Such binding partners as chi 
meric, or fusion, proteins. A "binding partner as used herein 
broadly encompasses non-peptide modulators, as well as 
Such peptide modulators as neuropeptides other than natural 
ligands, antibodies, antibody fragments, and modified com 
pounds comprising antibody domains that are immunospe 
cific for the expression product of the identified NgR gene. 

0275 Other embodiments of the invention comprise 
using competitive Screening assays in which neutralizing 
antibodies capable of binding a polypeptide of the invention 
Specifically compete with a test compound for binding to the 
polypeptide. In this manner, the antibodies can be used to 
detect the presence of any peptide that shares one or more 
antigenic determinants with NgR. Radiolabeled competitive 
binding studies are described in Lin et al., (1997) Antimi 
crob. Agents Chemother. 41, 2127-2131, the disclosure of 
which is incorporated herein by reference in its entirety. 

0276. In other embodiments of the invention, the 
polypeptides of the invention are employed as a research 
tool for identification, characterization and purification of 
interacting, regulatory proteins. Appropriate labels are incor 
porated into the polypeptides of the invention by various 
methods known in the art and the polypeptides are used to 
capture interacting molecules. For example, molecules are 
incubated with the labeled polypeptides, washed to remove 
unbound polypeptides, and the polypeptide complex is 
quantified. Data obtained using different concentrations of 
polypeptide are used to calculate values for the number, 
affinity, and association of polypeptide with the protein 
complex. 

0277 Labeled polypeptides are also useful as reagents for 
the purification of molecules with which the polypeptide 
interacts including, but not limited to, inhibitors. In one 
embodiment of affinity purification, a polypeptide is 
covalently coupled to a chromatography column. Cells and 
their membranes are extracted, and various cellular Subcom 
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ponents are passed over the column. Molecules bind to the 
column by virtue of their affinity to the polypeptide. The 
polypeptide-complex is recovered from the column, disso 
ciated and the recovered molecule is Subjected to protein 
Sequencing. This amino acid Sequence is then used to 
identify the captured molecule or to design degenerate 
oligonucleotides for cloning the corresponding gene from an 
appropriate cDNA library. 
0278 Alternatively, compounds may be identified which 
exhibit similar properties to the ligand for the NgR of the 
invention, but which are smaller and exhibit a longer half 
time than the endogenous ligand in a human or animal body. 
When an organic compound is designed, a molecule accord 
ing to the invention is used as a “lead” compound. The 
design of mimetics to known pharmaceutically active com 
pounds is a well-known approach in the development of 
pharmaceuticals based on Such “lead” compounds. Mimetic 
design, Synthesis and testing are generally used to avoid 
randomly Screening a large number of molecules for a target 
property. Furthermore, Structural data deriving from the 
analysis of the deduced amino acid Sequences encoded by 
the DNAS of the present invention are useful to design new 
drugs, more specific and therefore with a higher pharmaco 
logical potency. 
0279 Comparison of the protein sequence of the present 
invention with the Sequences present in all the available 
databases showed a significant homology with the trans 
membrane portion of G protein coupled receptors. Accord 
ingly, computer modeling can be used to develop a putative 
tertiary structure of the proteins of the invention based on the 
available information of the transmembrane domain of other 
proteins. Thus, novel ligands based on the predicted Struc 
ture of NgR can be designed. 
0280 This invention further pertains to novel agents 
identified by the above-described Screening assays and uses 
thereof for treatments as described herein. 

0281 Compositions and Pharmaceutical Compositions 
0282. In a particular embodiment, the novel molecules 
identified by the Screening methods according to the inven 
tion are low molecular weight organic molecules, in which 
case a composition or pharmaceutical composition can be 
prepared thereof for oral or parenteral administration. The 
compositions, or pharmaceutical compositions, comprising 
the nucleic acid molecules, vectors, polypeptides, antibodies 
and compounds identified by the Screening methods 
described herein, typically comprise the nucleic acid mol 
ecule, protein, or antibody and a pharmaceutically accept 
able carrier. AS used herein, "pharmaceutically acceptable 
carrier' is intended to include any and all Solvents, disper 
Sion media, coatings, antibacterial and antifungal agents, 
isotonic and absorption delaying agents, and the like, com 
patible with pharmaceutical administration. The nature of 
the carrier or other ingredients will depend on the Specific 
route of administration and particular embodiment of the 
invention to be administered. Examples of techniques and 
protocols that are useful in this context are, inter alia, found 
in Remington's PHARMACEUTICAL SCIENCES, 16th 
ed., (1980) OSol, A (Ed.), which is incorporated herein by 
reference in its entirety. Preferred examples of Such carriers 
or diluents include, but are not limited to, water, Saline, 
Ringer's Solution, dextrose Solution and 5% human Serum 
albumin. Liposomes and non-aqueous vehicles Such as fixed 
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oils may also be used. The use of Such media and agents for 
pharmaceutically active Substances is well known in the art. 
Except insofar as any conventional media or agent is incom 
patible with the active compound, use thereof in the com 
positions is contemplated. Supplementary active compounds 
can also be incorporated into the compositions. 
0283) A pharmaceutical composition of the invention is 
formulated to be compatible with its intended route of 
administration. Examples of routes of administration include 
oral and parenteral (e.g., intravenous, intradermal, Subcuta 
neous, inhalation, transdermal (topical), transmucosal and 
rectal administration). Solutions or Suspensions used for 
parenteral, intradermal or Subcutaneous application can 
include the following components: a Sterile diluent Such as 
water for injection, Saline Solution, fixed oils, polyethylene 
glycols, glycerine, propylene glycol or other Synthetic Sol 
vents, antibacterial agents Such as benzyl alcohol or methyl 
parabens, antioxidants Such as ascorbic acid or Sodium 
bisulfite, chelating agents Such as ethylenediaminetetraace 
tic acid; bufferS Such as acetates, citrates or phosphates, and 
agents for the adjustment of tonicity Such as Sodium chloride 
or dextrose. The pH can be adjusted with acids or bases, Such 
as hydrochloric acid or Sodium hydroxide. The parenteral 
preparation can be enclosed in ampoules, disposable 
Syringes or multiple dose Vials made of glass or plastic. 
0284 Pharmaceutical compositions suitable for inject 
able use include Sterile aqueous Solutions (where water 
Soluble) or dispersions and Sterile powders for the extem 
poraneous preparation of Sterile injectable Solutions or dis 
persion. For intravenous administration, Suitable carriers 
include physiological Saline, bacteriostatic water, Cremo 
phor ELTM (BASF, Parsippany, N.J.) or phosphate buffered 
saline (PBS). In all cases, the composition must be sterile 
and should be fluid to the extent that easy syringeability 
exists. It must be stable under the conditions of manufacture 
and Storage and must be preserved against the contaminating 
action of microorganisms. Such as bacteria and fungi. The 
carrier can be a Solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, 
propylene glycol and liquid polyethylene glycol, and the 
like), and Suitable mixtures thereof. The proper fluidity can 
be maintained, for example, by the use of a coating Such as 
lecithin, by the maintenance of the required particle size in 
the case of dispersion and by the use of Surfactants. Pre 
vention of the action of microorganisms can be achieved by 
various antibacterial and antifungal agents, for example, 
parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, 
and the like. In many cases, it will be preferable to include 
isotonic agents, for example, Sugars, polyalcohols Such as 
manitol, Sorbitol, Sodium chloride in the composition. Pro 
longed absorption of the injectable compositions can be 
brought about by including in the composition an agent 
which delays absorption, for example, aluminum 
monoStearate and gelatin. 
0285) Sterile injectable solutions can be prepared by 
incorporating the active compound (e.g., a NgR protein or 
anti-Ngrantibody) in the required amount in an appropriate 
Solvent with one or a combination of ingredients enumerated 
above, as required, followed by filtered sterilization. Gen 
erally, dispersions are prepared by incorporating the active 
compound into a Sterile vehicle that contains a basic dis 
persion medium and the required other ingredients from 
those enumerated above. In the case of Sterile powders for 
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the preparation of Sterile injectable Solutions, methods of 
preparation are vacuum drying and freeze-drying that yields 
a powder of the active ingredient plus any additional desired 
ingredient from a previously Sterile-filtered Solution thereof. 
0286 Oral compositions generally include an inert dilu 
ent or an edible carrier. They can be enclosed in gelatin 
capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the active compound can be 
incorporated with excipients and used in the form of tablets, 
troches or capsules. Oral compositions can also be prepared 
using a fluid carrier for use as a mouthwash, wherein the 
compound in the fluid carrier is applied orally and Swished 
and expectorated or Swallowed. Pharmaceutically compat 
ible binding agents, and/or adjuvant materials can be 
included as part of the composition. The tablets, pills, 
capsules, troches and the like can contain any of the fol 
lowing ingredients, or compounds of a similar nature: a 
binder Such as microcrystalline cellulose, gum tragacanth or 
gelatin; an excipient Such as Starch or lactose, a disintegrat 
ing agent Such as alginic acid, Primogel or corn Starch; a 
lubricant Such as magnesium Stearate or Sterotes, a glidant 
Such as colloidal Silicon dioxide, a Sweetening agent Such as 
Sucrose or Saccharin; or a flavoring agent Such as pepper 
mint, methyl Salicylate or orange flavoring. 
0287. For administration by inhalation, the compounds 
are delivered in the form of an aeroSol Spray from pressured 
container or dispenser which contains a Suitable propellant, 
e.g., a gas Such as carbon dioxide or a nebulizer. 
0288 Systemic administration can also be by transmu 
cosal or transdermal means. For transmucosal or transder 
mal administration, penetrants appropriate to the barrier to 
be permeated are used in the formulation. Such penetrants 
are generally known in the art, and include, for example, for 
transmucosal administration, detergents, bile Salts, and 
fusidic acid derivatives. Transmucosal administration can be 
accomplished through the use of nasal SprayS or Supposito 
ries. For transdermal administration, the active compounds 
are formulated into ointments, Salves, gels or creams as 
generally known in the art. 
0289. The compounds can also be prepared in the form of 
Suppositories (e.g., with conventional Suppository bases 
Such as cocoa butter and other glycerides) or retention 
enemas for rectal delivery. 
0290. In one embodiment, the active compounds are 
prepared with carriers that will protect the compound against 
rapid elimination from the body, Such as a controlled release 
formulation, including implants and microencapsulated 
delivery Systems. Biodegradable, biocompatible polymers 
can be used, Such as ethylene Vinyl acetate, polyanhydrides, 
polyglycolic acid, collagen, polyorthoesters, and polylactic 
acid. Methods for preparation of such formulations will be 
apparent to those skilled in the art. The materials can also be 
obtained commercially from Alza Corporation and Nova 
Pharmaceuticals, Inc. Liposomal Suspensions (including 
liposomes targeted to infected cells with monoclonal anti 
bodies to viral antigens) can also be used as pharmaceuti 
cally acceptable carriers. These can be prepared according to 
methods known to those skilled in the art, for example, as 
described in U.S. Pat. No. 4,522,811. It is especially advan 
tageous to formulate oral or parenteral compositions in 
dosage unit form for ease of administration and uniformity 
of dosage. Dosage unit form as used herein refers to physi 
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cally discrete units Suited as unitary dosages for the Subject 
to be treated; each unit containing a predetermined quantity 
of active compound calculated to produce the desired thera 
peutic effect in association with the required pharmaceutical 
carrier. The Specification for the dosage unit forms of the 
invention are dictated by and directly dependent on the 
unique characteristics of the active compound and the par 
ticular therapeutic effect to be achieved. 
0291. The nucleic acid molecules of the invention can be 
inserted into Vectors and used as gene therapy vectors. Gene 
therapy vectors can be delivered to a Subject by any of a 
number of routes, e.g., as described in U.S. Pat. No. 5,703, 
055. Delivery can thus also include, e.g., intravenous injec 
tion, local administration (see U.S. Pat. No. 5,328,470) or 
stereotactic injection (see e.g., Chen et al. (1994) Proc. Natl. 
Acad. Sci. USA 91, 3054-3057). The pharmaceutical prepa 
ration of the gene therapy vector can include the gene 
therapy vector in an acceptable diluent, or can comprise a 
Slow release matrix in which the gene delivery vehicle is 
imbedded. Alternatively, where the complete gene delivery 
vector can be produced intact from recombinant cells, e.g., 
retroviral vectors, the pharmaceutical preparation can 
include one or more cells that produce the gene delivery 
System. 

0292. The pharmaceutical compositions can be included 
in a container, pack or dispenser together with instructions 
for administration. 

0293. The dosage of these low molecular weight com 
pounds will depend on the disease state or condition to be 
treated and other clinical factorS Such as weight and condi 
tion of the human or animal and the route of administration 
of the compound. For treating human or animals, between 
approximately 0.5 mg/kg of body weight to 500 mg/kg of 
body weight of the compound can be administered. Therapy 
is typically administered at lower dosages and is continued 
until the desired therapeutic outcome is observed. 
0294. Another aspect of the present invention is the use 
of the NgR nucleotide Sequences disclosed herein for iden 
tifying homologs of the Nogo-R, in other animals, including 
but not limited to humans and other mammals and inverte 
brates. Any of the nucleotide Sequences disclosed herein, or 
any portion thereof, can be used, for example, as probes to 
Screen databases or nucleic acid libraries, Such as, for 
example, genomic or cDNA libraries, to identify homologs 
using Screening procedures well known to those skilled in 
the art. Accordingly, homologs having at least 50%, more 
preferably at least 60%, more preferably at least 70%, more 
preferably at least 80%, more preferably at least 90%, more 
preferably at least 95%, and most preferably at least 100% 
homology with NgR Sequences can be identified. 
0295) The present compounds and methods, including 
nucleic acid molecules, polypeptides, antibodies, com 
pounds identified by the Screening methods described 
herein, have a variety of pharmaceutical applications and 
may be used, for example, to treat or prevent unregulated 
cellular growth, Such as cancer cell and tumor growth. In a 
particular embodiment, the present molecules are used in 
gene therapy. For a review of gene therapy procedures, See 
e.g. Anderson Science (1992) 256,808–813, which is incor 
porated herein by reference in its entirety. 
0296. The present invention also encompasses a method 
of agonizing (stimulating) or antagonizing a NgR natural 
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binding partner associated activity in a mammal comprising 
administering to Said mammal an agonist or antagonist to 
one of the above disclosed polypeptides in an amount 
Sufficient to effect Said agonism or antagonism. One embodi 
ment of the present invention, then, is a method of treating 
diseases in a mammal with an agonist or antagonist of the 
protein of the present invention comprising administering 
the agonist or antagonist to a mammal in an amount Suffi 
cient to agonize or antagonize NgR-associated functions. 
0297 Methods of determining the dosages of compounds 
to be administered to a patient and modes of administering 
compounds to an organism are disclosed in U.S. application 
Ser. No. 08/702,282, filed Aug. 23, 1996, and International 
patent publication number WO 96/22976, published Aug. 1, 
1996, both of which are incorporated herein by reference in 
their entirety, including any drawings, figures or tables. 
Those skilled in the art will appreciate that Such descriptions 
are applicable to the present invention and can be easily 
adapted to it. 
0298 The proper dosage depends on various factors such 
as the type of disease being treated, the particular compo 
Sition being used and the size and physiological condition of 
the patient. Therapeutically effective doses for the com 
pounds described herein can be estimated initially from cell 
culture and animal models. For example, a dose can be 
formulated in animal models to achieve a circulating con 
centration range that initially takes into account the ICso as 
determined in cell culture assays. The animal model data can 
be used to more accurately determine useful doses in 
humans. 

0299 Plasma half-life and biodistribution of the drug and 
metabolites in the plasma, tumors and major organs can also 
be determined to facilitate the Selection of drugs most 
appropriate to inhibit a disorder. Such measurements can be 
carried out. For example, HPLC analysis can be performed 
on the plasma of animals treated with the drug and the 
location of radiolabeled compounds can be determined using 
detection methods such as X-ray, CAT scan and MRI. 
Compounds that show potent inhibitory activity in the 
Screening assays, but have poor pharmacokinetic character 
istics, can be optimized by altering the chemical Structure 
and retesting. In this regard, compounds displaying good 
pharmacokinetic characteristics can be used as a model. 
0300 Toxicity studies can also be carried out by mea 
Suring the blood cell composition. For example, toxicity 
Studies can be carried out in a Suitable animal model as 
follows: (1) the compound is administered to mice (an 
untreated control mouse should also be used); (2) blood 
Samples are periodically obtained via the tail vein from one 
mouse in each treatment group; and (3) the samples are 
analyzed for red and white blood cell counts, blood cell 
composition and the percent of lymphocytes verSuS poly 
morphonuclear cells. A comparison of results for each 
dosing regime with the controls indicates if toxicity is 
present. 

0301 At the termination of each toxicity study, further 
Studies can be carried out by Sacrificing the animals (pref 
erably, in accordance with the American Veterinary Medical 
ASSociation guidelines Report of the American Veterinary 
Medical Assoc. Panel on Euthanasia, (1993).J. Am. Vet. Med. 
ASSOc. 202:229-249). Representative animals from each 
treatment group can then be examined by groSS necropsy for 
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immediate evidence of metastasis, unusual illness or toxic 
ity. GroSS abnormalities in tissue are noted and tissues are 
examined histologically. Compounds causing a reduction in 
body weight or blood components are leSS preferred, as are 
compounds having an adverse effect on major organs. In 
general, the greater the adverse effect the less preferred the 
compound. 

0302 For the treatment of cancers the expected daily 
dose of a hydrophobic pharmaceutical agent is between 1 to 
500 mg/day, preferably 1 to 250 mg/day, and most prefer 
ably 1 to 50 mg/day. Drugs can be delivered less frequently 
provided plasma levels of the active moiety are Sufficient to 
maintain therapeutic effectiveness. Plasma levels should 
reflect the potency of the drug. Generally, the more potent 
the compound the lower the plasma levels necessary to 
achieve efficacy. 

0303 NgR mRNA transcripts have been found in the 
brain and heart. SEQ ID NOS: 1 and/or, 3 will, as detailed 
above, enable Screening the endogenous neurotransmitterS/ 
hormones/ligands which activate, agonize, or antagonize 
NgR and for compounds with potential utility in treating 
disorders including CNS disorders (e.g., Stroke) and degen 
erative disorderS Such as those associated with demyelina 
tion. 

0304 For example, NgR receptor activation may mediate 
the prevention of neurite outgrowth. Inhibition would be 
beneficial in both chronic and acute brain injury. See, e.g., 
Donovan et al., (1997).J. Neurosci. 17, 5316-5326; Turgeon 
et al., (1998).J. Neurosci. 18, 6882-6891; Smith-Swintosky 
et al., (1997) J. Neurochem. 69, 1890-1896; Gill et al., 
(1998) Brain Res. 797,321-327; Suidan et al., (1996) Semin. 
Thromb. Hemost. 22, 125-133. 
0305 Pharmacogenomics 
0306 Agents, or modulators that have a stimulatory or 
inhibitory effect on NgR activity (e.g., NgR gene expres 
Sion), as identified by a Screening assay described herein can 
be administered to individuals to treat (prophylactically or 
therapeutically) disorders (e.g., a disease condition Such as 
a demyelination disorder) associated with aberrant NgR 
activity. In conjunction with Such treatment, the pharmaco 
genomics (i.e., the study of the relationship between an 
individual's genotype and that individual’s response to a 
foreign compound or drug) of the individual may be con 
sidered. Differences in metabolism of therapeutics can lead 
to Severe toxicity or therapeutic failure by altering the 
relation between dose and blood concentration of the phar 
macologically active drug. Thus, the pharmacogenomics of 
the individual permits the Selection of effective agents (e.g., 
drugs) for prophylactic or therapeutic treatments based on a 
consideration of the individual's genotype. Such pharmaco 
genomics can further be used to determine appropriate 
dosages and therapeutic regimens. Accordingly, the activity 
of NgR protein, eXpression of NgR nucleic acid or mutation 
content of NgR genes in an individual can be determined to 
thereby select appropriate agent(s) for therapeutic or pro 
phylactic treatment of the individual. 
0307 Pharmacogenomics deals with clinically signifi 
cant hereditary variations in the response to drugs due to 
altered drug disposition and abnormal action in affected 
persons. See e.g., Eichelbaum (1996) Clin. Exp. Pharmacol. 
Physiol. 23, 983-985 and Linder (1997) Clin. Chem. 43, 
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254-266. In general, two types of pharmacogenetic condi 
tions can be differentiated. Genetic conditions transmitted as 
a single factor altering the way drugs act on the body (altered 
drug action) or genetic conditions transmitted as single 
factors altering the way the body acts on drugs (altered drug 
metabolism). These pharmacogenetic conditions can occur 
either as rare defects or as polymorphisms. For example, 
glucose-6-phosphate dehydrogenase (G6PD) deficiency is a 
common inherited enzymopathy in which the main clinical 
complication is haemolysis after ingestion of oxidant drugs 
(anti-malarials, Sulfonamides, analgesics, nitrofurans) and 
consumption of fava beans. 

0308 As an illustrative embodiment, the activity of drug 
metabolizing enzymes is a major determinant of both the 
intensity and duration of drug action. The discovery of 
genetic polymorphisms of drug metabolizing enzymes (e.g., 
N-acetyltransferase 2 (NAT 2) and cytochrome P450 
enzymes CYP2D6 and CYP2C19) has provided an expla 
nation as to why Some patients do not obtain the expected 
drug effects or show exaggerated drug response and Serious 
toxicity after taking the Standard and Safe dose of a drug. 
These polymorphisms are expressed in two phenotypes in 
the population, the extensive metabolizer (EM) and poor 
metabolizer (PM). The prevalence of PM is different among 
different populations. For example, the gene coding for 
CYP2D6 is highly polymorphic and several mutations have 
been identified in PM, which all lead to the absence of 
functional CYP2D6. Poor metabolizers of CYP2D6 and 
CYP2C19 quite frequently experience exaggerated drug 
response and side effects when they receive Standard doses. 
If a metabolite is the active therapeutic moiety, PM show no 
therapeutic response, as demonstrated for the analgesic 
effect of codeine mediated by its CYP2D6-formed metabo 
lite morphine. At the other extreme are the So called ultra 
rapid metabolizers who do not respond to Standard doses. 
Recently, the molecular basis of ultra-rapid metabolism has 
been identified to be due to CYP2D6 gene amplification. 
0309 Thus, the activity of NgR protein, expression of 
NgR nucleic acid, or mutation content of NgR genes in an 
individual can be determined to thereby Select appropriate 
agent(s) for therapeutic or prophylactic treatment of the 
individual. In addition, pharmacogenetic Studies can be used 
to apply genotyping of polymorphic alleles encoding drug 
metabolizing enzymes to the identification of an individual’s 
drug responsiveness phenotype. This knowledge, when 
applied to dosing or drug Selection, can avoid adverse 
reactions or therapeutic failure and thus enhance therapeutic 
or prophylactic efficiency when treating a Subject with a 
NgR modulator, such as a modulator identified by one of the 
exemplary Screening assays described herein. 

0310 Monitoring Clinical Efficacy 

0311 Monitoring the influence of agents (e.g., drugs, 
compounds) on the expression or activity of NgR (e.g., the 
ability to modulate aberrant cell proliferation and/or differ 
entiation) can be applied not only in basic drug Screening, 
but also in clinical trials. For example, the effectiveness of 
an agent determined by a Screening assay as described 
herein to increase NgR gene expression, protein levels or 
upregulate NgR activity, can be monitored in clinical trials 
of Subjects exhibiting decreased NgR gene expression, pro 
tein levels, or downregulated NgR activity. Alternatively, the 
effectiveness of an agent determined by a Screening assay to 
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decrease NgR gene expression, protein levels, or downregu 
late NgR activity, can be monitored in clinical trials of 
Subjects exhibiting increased NgR gene expression, protein 
levels, or upregulated NgR activity. In Such clinical trials, 
the expression or activity of NgR and, preferably, other 
genes that have been implicated in, for example, a disease or 
disorder, can be used as a “read out' or markers of the 
immune responsiveness of a particular cell. 
0312 For example, genes, including NgR, that are modu 
lated in cells by treatment with an agent (e.g., compound, 
drug or Small molecule) that modulates NgR activity (e.g., 
identified in a Screening assay as described herein) can be 
identified. Thus, to Study the effect of agents on demyeli 
nation disorders, for example, in a clinical trial, cells can be 
isolated and RNA prepared and analyzed for the levels of 
expression of NgR and other genes implicated in the disor 
der. The levels of gene expression (i.e., a gene expression 
pattern) can be quantified by Northern blot analysis or 
RT-PCR, as described herein, or alternatively by measuring 
the amount of protein produced by one of the methods as 
described herein or by measuring the levels of activity of 
NgR or other genes. In this way, the gene expression pattern 
can Serve as a marker, indicative of the physiological 
response of the cells to the agent. Accordingly, this response 
State may be determined before, and at various points 
during, treatment of the individual with the agent. 
0313. In one embodiment, the invention provides a 
method for monitoring the effectiveness of treatment of a 
Subject with an agent (e.g., an agonist, antagonist, protein, 
peptide, peptidomimetic, nucleic acid, Small molecule, or 
other drug candidate identified by the Screening assays 
described herein) comprising the steps of (i) obtaining a 
pre-administration Sample from a Subject prior to adminis 
tration of the agent; (ii) detecting the level of expression of 
a NgR protein, mRNA, or genomic DNA in the preadmin 
istration Sample; (iii) obtaining one or more post-adminis 
tration samples from the Subject; (iv) detecting the level of 
expression or activity of the NgR protein, mRNA, or 
genomic DNA in the post-administration Samples, (v) com 
paring the level of expression or activity of the NgR protein, 
mRNA or genomic DNA in the pre-administration sample 
with the NgR protein, mRNA or genomic DNA in the post 
administration Sample or Samples; and (vi) altering the 
administration of the agent to the Subject accordingly. For 
example, increased administration of the agent may be 
desirable to increase the expression or activity of NgR to 
higher levels than detected, i.e., to increase the effectiveness 
of the agent. Alternatively, decreased administration of the 
agent may be desirable to decrease expression or activity of 
NgR to lower levels than detected, i.e., to decrease the 
effectiveness of the agent. 
0314 Methods of Treatment 
0315. The present invention provides for both prophy 
lactic and therapeutic methods of treating a Subject at risk of 
(or Susceptible to) a disorder or having a disorder associated 
with aberrant NgR expression or activity. 

0316 Diseases and disorders that are characterized by 
increased (relative to a Subject not Suffering from the disease 
or disorder) levels or biological activity may be treated with 
Therapeutics that antagonize (i.e., reduce or inhibit) activity. 
Therapeutics that antagonize activity may be administered in 
a therapeutic or prophylactic manner. Therapeutics that may 
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be utilized include, but are not limited to, (i) a NgR 
polypeptide, or analogs, derivatives, fragments or homologs 
thereof, (ii) antibodies to a NgR peptide; (iii) nucleic acids 
encoding a NgR peptide; (iv) administration of antisense 
nucleic acid and nucleic acids that are "dysfunctional' (i.e., 
due to a heterologous insertion within the coding Sequences 
of coding sequences to a NgR peptide) are utilized to 
“knockout' endogenous function of a NgR peptide by 
homologous recombination (see, e.g., Capecchi (1989) Sci 
ence 244, 1288-1292); or (v) modulators (i.e., inhibitors, 
agonists and antagonists, including additional peptide 
mimetic of the invention or antibodies specific to a peptide 
of the invention) that alter the interaction between a NgR 
peptide and its binding partner. 

0317 Diseases and disorders that are characterized by 
decreased (relative to a Subject not Suffering from the disease 
or disorder) levels or biological activity may be treated with 
Therapeutics that increase (i.e., are agonists to) activity. 
Therapeutics that upregulate activity may be administered in 
a therapeutic or prophylactic manner. Therapeutics that may 
be utilized include, but are not limited to, a NgR peptide, or 
analogs, derivatives, fragments or homologs thereof, or an 
agonist that increases bioavailability. 

0318 Increased or decreased levels can be readily 
detected by quantifying peptide and/or RNA, by obtaining a 
patient tissue sample (e.g., from biopsy tissue) and assaying 
it in vitro for RNA or peptide levels, structure and/or activity 
of the expressed peptides (or mRNAs of a NgR peptide). 
Methods that are well-known within the art include, but are 
not limited to, immunoassays (e.g., by Western blot analysis, 
immunoprecipitation followed by Sodium dodecyl Sulfate 
(SDS) polyacrylamide gel electrophoresis, immunocy 
tochemistry, etc.) and/or hybridization assays to detect 
expression of mRNAS (e.g., Northern assays, dot blots, in 
Situ hybridization, etc.). 
03.19. In one aspect, the invention provides a method for 
preventing, in a Subject, a disease or condition associated 
with an aberrant NgR expression or activity, by administer 
ing to the Subject an agent that modulates NgR expression or 
at least one NgR activity. Subjects at risk for a disease that 
is caused or contributed to by aberrant NgR expression or 
activity can be identified by, for example, any or a combi 
nation of diagnostic or prognostic assays as described 
herein. Administration of a prophylactic agent can occur 
prior to the manifestation of Symptoms characteristic of the 
NgR aberrancy, Such that a disease or disorder is prevented 
or, alternatively, delayed in its progression. Depending on 
the type of NgR aberrancy, for example, a NgR agonist or 
NgR antagonist agent can be used for treating the Subject. 
The appropriate agent can be determined based on Screening 
assays described herein. 

0320 Another aspect of the invention pertains to methods 
of modulating NgR expression or activity for therapeutic 
purposes. The modulatory method of the invention involves 
contacting a cell with an agent that modulates one or more 
of the activities of NgR protein activity associated with the 
cell. An agent that modulates NgR protein activity can be an 
agent as described herein, Such as a nucleic acid or a protein, 
a naturally-occurring cognate ligand of a NgR protein, a 
peptide, a NgR peptidomimetic, or other Small molecule. In 
one embodiment, the agent Stimulates one or more NgR 
protein activity. Examples of Such stimulatory agents 
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include active NgR protein and a nucleic acid molecule 
encoding NgR that has been introduced into the cell. In 
another embodiment, the agent inhibits one or more NgR 
protein activity. Examples of Such inhibitory agents include 
antisense NgR nucleic acid molecules and anti-NgR anti 
bodies. These modulatory methods can be performed in vitro 
(e.g., by culturing the cell with the agent) or, alternatively, 
in Vivo (e.g., by administering the agent to a Subject). AS 
Such, the present invention provides methods of treating an 
individual afflicted with a disease or disorder characterized 
by aberrant expression or activity of a NgR protein or 
nucleic acid molecule. In one embodiment, the method 
involves administering an agent (e.g., an agent identified by 
a Screening assay described herein), or combination of 
agents that modulates (e.g., upregulates or downregulates) 
NgR expression or activity. In another embodiment, the 
method involves administering a NgR protein or nucleic 
acid molecule as therapy to compensate for reduced or 
aberrant NgR expression or activity. 
0321) Gene Therapy 
0322 Mutations in the NgR gene that result in loss of 
normal function of the NgR gene product underlie NgR 
human disease States. The invention comprehends gene 
therapy to restore NgR activity to treat those disease States. 
Delivery of a functional NgR gene to appropriate cells is 
effected eX Vivo, in situ, or in Vivo by use of vectors, and 
more particularly viral vectors (e.g., adenovirus, adeno 
associated virus, or a retrovirus), or ex vivo by use of 
physical DNA transfer methods (e.g., liposomes or chemical 
treatments). See, for example, Anderson (1998) Nature, 
supplement to 392(6679):25-20. For additional reviews of 
gene therapy technology see Friedmann (1989) Science 244, 
1275-1281; Verma (1990) Sci. Am. 68-84; and Miller (1992) 
Nature 357, 455-460. Alternatively, it is contemplated that in 
other human disease States, preventing the expression of, or 
inhibiting the activity of, NgR will be useful in treating 
disease States. It is contemplated that antisense therapy or 
gene therapy could be applied to negatively regulate the 
expression of NgR. 
0323 The present invention provides for both prophy 
lactic and therapeutic methods of treating a Subject at risk of 
(or Susceptible to) a disorder or having a disorder associated 
with aberrant NgR expression or activity. 
0324 Diseases and disorders that are characterized by 
increased (relative to a Subject not Suffering from the disease 
or disorder) levels or biological activity may be treated with 
Therapeutics that antagonize (i.e., reduce or inhibit) activity. 
Therapeutics that antagonize activity may be administered in 
a therapeutic or prophylactic manner. Therapeutics that may 
be utilized include, but are not limited to, (i) a NgR 
polypeptide, or analogs, derivatives, fragments or homologs 
thereof; (ii) antibodies to a NgR peptide; (iii) nucleic acids 
encoding a NgR peptide; (iv) administration of antisense 
nucleic acid and nucleic acids that are "dysfunctional' (i.e., 
due to a heterologous insertion within the coding Sequences 
of coding sequences to a NgR peptide) are utilized to 
“knockout' endogenous function of a NgR peptide by 
homologous recombination (See, e.g., Capecchi (1989), 
above); or (V) modulators (i.e., inhibitors, agonists and 
antagonists, including additional peptide mimetic of the 
invention or antibodies specific to a peptide of the invention) 
that alter the interaction between a NgR peptide and its 
binding partner. 
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0325 Diseases and disorders that are characterized by 
decreased (relative to a Subject not Suffering from the disease 
or disorder) levels or biological activity may be treated with 
Therapeutics that increase (i.e., are agonists to) activity. 
Therapeutics that upregulate activity may be administered in 
a therapeutic or prophylactic manner. Therapeutics that may 
be utilized include, but are not limited to, a NgR peptide, or 
analogs, derivatives, fragments or homologs thereof; or an 
agonist that increases bioavailability. 
0326 Increased or decreased levels can be readily 
detected by quantifying peptide and/or RNA, by obtaining a 
patient tissue sample (e.g., from biopsy tissue) and assaying 
it in vitro for RNA or peptide levels, structure and/or activity 
of the expressed peptides (or mRNAs of a NgR peptide). 
Methods that are well-known within the art include, but are 
not limited to, immunoassays (e.g., by Western blot analysis, 
immunoprecipitation followed by Sodium dodecyl Sulfate 
(SDS) polyacrylamide gel electrophoresis, immunocy 
tochemistry, etc.) and/or hybridization assays to detect 
expression of mRNAS (e.g., Northern assays, dot blots, in 
Situ hybridization, etc.). 
0327 In one aspect, the invention provides a method for 
preventing, in a Subject, a disease or condition associated 
with an aberrant NgR expression or activity, by administer 
ing to the Subject an agent that modulates NgR expression or 
at least one NgR activity. Subjects at risk for a disease that 
is caused or contributed to by aberrant NgR expression or 
activity can be identified by, for example, any or a combi 
nation of diagnostic or prognostic assays as described 
herein. Administration of a prophylactic agent can occur 
prior to the manifestation of Symptoms characteristic of the 
NgR aberrancy, Such that a disease or disorder is prevented 
or, alternatively, delayed in its progression. Depending on 
the type of NgR aberrancy, for example, a NgR agonist or 
NgR antagonist agent can be used for treating the Subject. 
The appropriate agent can be determined based on Screening 
assays described herein. 
0328. Another aspect of the invention pertains to methods 
of modulating NgR expression or activity for therapeutic 
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purposes. The modulatory method of the invention involves 
contacting a cell with an agent that modulates one or more 
of the activities of NgR protein activity associated with the 
cell. An agent that modulates NgR protein activity can be an 
agent as described herein, Such as a nucleic acid or a protein, 
a naturally-occurring cognate ligand of a NgR protein, a 
peptide, a NgR peptidomimetic, or other Small molecule. In 
one embodiment, the agent Stimulates one or more NgR 
protein activity. Examples of Such stimulatory agents 
include active NgR protein and a nucleic acid molecule 
encoding NgR that has been introduced into the cell. In 
another embodiment, the agent inhibits one or more NgR 
protein activity. Examples of Such inhibitory agents include 
antisense NgR nucleic acid molecules and anti-NgR anti 
bodies. These modulatory methods can be performed in vitro 
(e.g., by culturing the cell with the agent) or, alternatively, 
in Vivo (e.g., by administering the agent to a Subject). AS 
Such, the present invention provides methods of treating an 
individual afflicted with a disease or disorder characterized 
by aberrant expression or activity of a NgR protein or 
nucleic acid molecule. In one embodiment, the method 
involves administering an agent (e.g., an agent identified by 
a Screening assay described herein), or combination of 
agents that modulates (e.g., upregulates or downregulates) 
NgR expression or activity. In another embodiment, the 
method involves administering a NgR protein or nucleic 
acid molecule as therapy to compensate for reduced or 
aberrant NgR expression or activity. 

0329. The present invention is not to be limited in scope 
by the specific embodiments described herein. Indeed, vari 
ouS modifications of the invention in addition to those 
described herein will become apparent to those skilled in the 
art from the foregoing description and accompanying figure. 
Such modifications are intended to fall within the scope of 
the appended claims. 

0330. The following Table 5 contains the sequences of 
exemplary polynucleotides and polypeptides of the inven 
tion. 

TABLE 5 

The following DNA sequence NgR2 <SEQ ID NO. 1s was identified 
in humans: 

ATGCTGCCCGGGCTCAGGCGCCTGCTGCAAGCTCCCGCCTCGGCCTGCCTCCTGCTGATG 

CTCCTGGCCCTGCCCCTGGCGGCCCCCAGCTGCCCCATGCTCTGCACCTGCTACTCATCC 

CCGCCCACCGTGAGCTGCCAGGCCAACAACTTCTCCTCTGTGCCGCTGTCCCTGCCACCC 

AGCACTCAGCGACTCTTCCTGCAGAACAACCTCATCCGCACGCTGCGGCCAGGCACCTTT 

GGGTCCAACCTGCTCACCCTGTGGCTCTTCTCCAACAACCTCTCCACCATCTACCCGGGC 

ACTTTCCGCCACTTGCAAGCCCTGGAGGAGCTGGACCTCGGTGACAACCGGCACCTGCGC 

TCGCTGGAGCCCGACACCTTCCAGGGCCTGGAGCGGCTGCAGTCGCTGCATTTGTACCGC 

TGCCAGCTCAGCAGCCTGCCCGGCAACATCTTCCGAGGCCTGGTCAGCCTGCAGTACCTC. 

TACCTCCAGGAGAACAGCCTGCTCCACCTACAGGATGACTTGTTCGCGGACCTGGCCAAC 

CTGAGCCACCTCTTCCTCCACGGGAACCGCCTGCGGCTGCTCACAGAGCACGTGTTTCGC 

GGCCTGGGCAGCCTGGACCGGCTGCTGCTGCACGGGAACCGGCTGCAGGGCGTGCACCGC 
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TABLE 5-continued 
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The following protein sequence <SEQ 
sequence of 
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the mature NgR3: 
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The following amino acid sequence <SEQ ID 
served cysteine motif (Cysteine domain 1) 
logs based on the Consensus Sequence: 

C. P. x X C X C Y X X P X X T X S C 

The following amino acid sequence <SEQ ID 
served cysteine motif (Cysteine domain 2) 
logs based on the Consensus Sequence: 

N X W X C X C R A R X L W X W X X 

X X X X G X D L X X 

The following amino 
served Leucine-rich 
Consensus Sequence: 

R X F L X X N X I X 

X X X X I X X X X F 

P X T F X G L X X L. 

X L Q Y L. Y L Q X N 

L X X X D X X 

acid sequence 
domain of the 

X X X X X X F 

X X X X X L E 

X L X L X X C. 

X X X X L X D 

X X R X 

X C 

<SEQ ID 
NgR and 

X X X X 

X T. D. L. 

D X F X 

9 is the amino acid 

NO: 10 is a con 
of the NgR and homo 

NO: 112 is a con 
of the NgR and homo 

S S S X W X C X X 

NO: 122 is a con 
homologs based on 

X X X X L W X X S 

X D N X X L. R. X. X 

L X X X X F X G. L. 

D L X N L X H. L. F 

the 

N 
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H. G. N. X X X X X X X X X F. R G L X X L D R L L L H X N X X X X 

W H X X A F X X L X R L X X L X L. F X N X L X X L X X X X L. A. 

X L X X L X X L. R. L. 

0331 Unless otherwise indicated, X is any amino acid. 
For example, X where indicated may be no amino acid. 
Additional features of the invention will be apparent from 
the following Examples. Examples 1-5 are actual, while the 
remaining Examples are prophetic. 
0332. As shown by the following Examples, a gene 
encoding novel NgRS have been identified by computational 
analysis of DNA sequence data. The proteins encoded by 
NgR2 and NgR3 have a putative signal Sequence, eight 
leucine-rich repeat domains in a conserved leucine-rich 
region (SEQ ID NO:12), a conserved cysteine-rich region 
(SEQ ID NO:10) N-terminal to the leucine-rich region, a 
second cysteine-rich domain (SEQID NO:11) C-terminal to 
the leucine-rich region, and a putative glycophosphatidyli 
nositol-linkage (GPI-linkage) site. NgR2 and NgR3 differ 
from the previously identified NgR sequence. The NgR 
homologs, when compared to known NgRS, show a con 
sensus sequence (SEQ ID NOS:6). The putative mature 
NgR2 and NgR3 are shown in Table 5 as SEQID NOs: 8 and 
9, respectively. 

EXAMPLE 1. 

Tblastin Query of the HTG Database 
0333. The protein sequence for the human NgR (NgR1) 
(SEQ ID NO:5) was used to query the high throughput 
genomic (HTG) database the use of which is familiar to 
those skilled in the art. The HTG database is a part of 
GenBank, a comprehensive NIH genetic Sequence database, 
which includes an annotated collection of all publicly avail 
able DNA sequences (Nucleic Acids Res. (2000) 28, 15-8). 
The HTG database includes sequences obtained from 
genomic DNA. Within genomic DNA, genes are typically 
encoded by multiple segments of DNA called exons. Thus 
when one aligns a cDNA sequence (or a protein sequence 
encoded by a cDNA sequence) to a genomic sequence, the 
Sequence will be broken up into Segments depending on the 
number of exons in the gene. 
0334) The BLAST algorithm, which stands for Basic 
Local Alignment Search Tool is Suitable for determining 
sequence similarity (Altschulet al., (1990).J. Mol. Biol. 215, 
403-410, which is incorporated herein by reference in its 
entirety). Software for performing BLAST analyses is pub 
licly available through the National Center for Biotechnol 
ogy Information (http://www.ncbi.nlm.nih.gov/). The basic 
BLAST algorithm involves first identifying high scoring 
sequence pair (HSPs) by identifying short words of length W 
in the query Sequence that either match or Satisfy Some 
positive-valued threshold score T when aligned with a word 
of the Same length in a database Sequence. T is referred to 
as the neighborhood word score threshold (Altschul et al., 
Supra). These initial neighborhood word hits act as Seeds for 
initiating searches to find HSPs containing them. The word 
hits are extended in both directions along each Sequence for 

as far as the cumulative alignment Score can be increased. 
Extension for the word hits in each direction are halted 
when: 1) the cumulative alignment score falls off by the 
quantity X from its maximum achieved value; 2) the cumu 
lative Score goes to Zero or below, due to the accumulation 
of one or more negative-scoring residue alignments, or 3) 
the end of either Sequence is reached. The Blast algorithm 
parameters W., T and X determine the sensitivity and speed 
of the alignment. The Blast program uses as defaults a word 
length (W) of 11, the BLOSUM62 scoring matrix (see 
Henikoff et al., (1992) Proc. Natl. Acad. Sci. USA 89, 
10915-10919, which is incorporated herein by reference in 
its entirety) alignments (B) of 50, expectation (E) of 10, 
M=5, N=4, and a comparison of both strands. 
0335) The BLAST algorithm (Karlin et al., (1993) Proc. 
Natl. Acad. Sci. USA 90, 5873-5787, which is incorporated 
herein by reference) and Gapped BLAST perform a statis 
tical analysis of the Similarity between two Sequences. One 
measure of similarity provided by the BLAST algorithm is 
the Smallest sum probability (P(N)), which provides an 
indication of the probability by which a match between two 
nucleotide or amino acid Sequences would occur by chance. 
For example, a nucleic acid is considered Similar to a NgR 
gene or cDNA if the Smallest Sum probability in comparison 
of the test nucleic acid to a NgR nucleic acid is less than 
about 1, preferably less than about 0.1, more preferably less 
than about 0.01, and most preferably less than about 0.001. 
0336 To query the HTG database with the NgR protein 
Sequence, we used a variation of the BLAST algorithm 
known as the tblastin program, which compares a protein 
query Sequence against a nucleotide Sequence database 
dynamically translated in all reading frames (J. Mol. Biol. 
(1990) 215, 403-410: Nucleic Acids Res. (1997) 25, 3389 
3402). The results of the tblastn search indicated the pres 
ence of genes in the database with a significant identity to 
the NgR. In addition to finding hits to genomic clones which 
contain the human and mouse NgR genes, we found hits to 
clones where the identity was not as high, but still very 
Significant. Three human clones were found (Accession 
numbers: AC068514, AC016869, AC013606) with an 
e-value of 4e-43 and one mouse clone was found (Accession 
No. AC021768) with an e-value of 1e-78. The three human 
clones all appeared to encode the same gene, So further 
analysis was confined to AC013606. 

EXAMPLE 2 

Prediction of the Human NgR2 Protein Sequence 
(AC013606) 

0337 The human NgR protein sequence aligned with two 
regions of translated Sequence from nucleotide Sequence 
ACO13606, indicating that the new gene was encoded by at 
least two exons. In order to define the complete gene, we 
used the computer program GENSCAN (J. Mol. Biol. 
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(1997) 268, 78-94) which can identify complete exon/intron 
Structures of genes in genomic DNA. The gene prediction by 
GENESCANTM contained seven exons. By comparing these 
predicted exons to the NgR, it was concluded that the new 
human gene contains two of these exons and a part of 
another (containing the initiating methionine). The predicted 
cDNA (mRNA) encoded by these three exons was 
assembled from AC013606 (HTG11; deposited March 2000; 
length=143899; GenBank release 118.0; SEQID NO: 15) by 
combining nucleotides from the three exons whose coordi 
nates are: 123292-123322 (exon 1); 130035-130516 (exon 
2); and 138589-139335 (exon 3). The sequence for this 
cDNA sequence is SEQ ID NO: 1 (nucleotide sequence of 
human NgR2; ACO13606). The translation of this cDNA 
provides the protein sequence of human NgR2 (SEQ ID 
NO:2). 
0338 We used the protein sequence of human NgR2 as a 
query Sequence against the human EST database. A number 
of hits of high Significance were found indicating that the 
NgR2 mRNA is expressed in a number of tissues including 
fetal brain. Furthermore, two of these ESTs provided support 
for the exon structure that we deduced. One EST (Accession 
No: GB EST19:AI346757) contains 565 nucleotides corre 
sponding to amino acids 84-271 of the human NgR2 (SEQ 
ID No:4). This spans the second intron located between 
amino acids 171 and 172, and provides positive evidence for 
the splicing of exons 2 and 3 at the mRNA level. Another 
EST (GBEST26:AI929019) contains 545 nucleotides, part 
of which corresponds to amino acids 1-75 of the human 
NgR2 (SEQ ID NO:2). This spans the first intron located 
between amino acids 10 and 11, and provides positive 
evidence for the splicing of exons 1 and 2 at the mRNA 
level. 

EXAMPLE 3 

Prediction of the Mouse NgR3 Protein Sequence 
(AC021768) 

0339. The human NgR protein sequence aligned with 
only one region of translated Sequence from nucleotide 
Sequence AC021768, indicating that most of the new mouse 
gene was encoded by one large exon. However, upon 
inspection, the protein encoded by this exon was missing an 
initiating methionine. In order to define the complete gene, 
we used the computer program GENSCAN as described 
above. The gene prediction by GENSCAN contained two 
exons, the large one found by visual inspection and a short 
one at the 5' end which provided an initiating methionine. 
The predicted cDNA (mRNA) encoded by these two exons 
was assembled from AC021768 (HTG14; deposited March 
2000; length=215980; GenBank release 118.0; SEQ ID NO: 
16) by combining nucleotides from the two exons whose 
coordinates are: the complement of 164265-164325 (exon 
1); and the complement of 155671-156992 (exon 2). The 
sequence for this cDNA sequence is SEQ ID NO:3 (nucle 
otide sequence of mouse NgR3; AC021768). The translation 
of this cdNA provides the protein sequence of mouse NgR3 
(SEQ ID NO:4). 
0340 We used the protein sequence of mouse NgR3 as a 
query Sequence against the mouse EST database. One hit of 
high significance was found indicating that the NgR2 mRNA 
is expressed in the heart. This EST (GBEST20:AI428334) 
contains 463 nucleotides, part of which correspond to amino 
acids 45-193 of mouse NgR3 (SEQ ID NO:4). 
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EXAMPLE 4 

Similarity Between the NgRs 
0341 An alignment between NgR1 and the two new 
receptors is shown in FIGS. 1A-1B. The similarities 
between these proteins include: 

0342 (1) The SignalP program, which locates the 
Signal Sequence cleavage position, predicts a cleav 
age before the first conserved cysteine in all the 
proteins. Thus the mature protein in all cases will 
have a cysteine at the N-terminus. 

0343 (2) All proteins contain eight Leucine Rich 
Repeats (LRR). LRRs are short sequence motifs 
present in a number of proteins with diverse func 
tions and cellular locations. These repeats are usually 
involved in protein-protein interactions. Each LRR is 
composed of a beta-alpha unit. 

0344 (3) All three proteins contain a leucine rich 
repeat N-terminal domain (LRRNT), in which four 
cysteines are conserved. LRRs are often flanked by 
cysteine rich domains at both their N and C termini. 

0345 (4) All three proteins contain a LRR C-termi 
nal domain (LRRCT). The LRRCTs of the three NgR 
proteins can be distinguished from those of other 
LRR containing proteins, by the pattern of typ 
tophans and cysteines which are completely con 
Served in this domain. 

0346 (5) All three proteins contain a conserved 
cysteine in the fourth LRR domain. 

O347 6) All three proteins contain a conserved p 
potential glycosylation site in the eighth LRR 
domain. 

0348 (7) NgR2 and NgR3 have a hydrophobic 
C-terminus, as does NgR1, an indication that they 
probably also undergo a modification similar to 
NgR1, where a GPI moiety is covalently linked to a 
C-terminal amino acid. This allows the protein to 
remain tethered to the cell. 

EXAMPLE 5 

Preparation of Nogo Proteins 
0349 A Nogo binding assay was developed which ulti 
lizes a method widely used in examining Semaphorin and 
ephrin axonal guidance function (Flanagan & Vanderhae 
ghen (1998) Annu. Rev. Neurosci. 21.309-345; Takahashi et 
al., (1999) Cell 99, 59-69). It involves fusing a secreted 
placental alkaline phosphatase (AP) moiety to the ligand in 
question to provide a biologically active receptor binding 
agent which can be detected with an extremely Sensitive 
colorimetric assay. For Nogo, an expression vector is created 
encoding a Signal peptide, a His6 tag for purification, AP, 
and the 66 amino acid active domain of Nogo. The fusion 
protein can be purified from the conditioned medium of 
transfected cells in milligram amounts. This protein is 
biologically active as a growth cone collapsing agent with an 
ECso of 1 nM. 
0350 Alternatively, a glutathione-S-transferase Nogo 
(GST-Nogo) fusion protein may be prepared. For GST. 
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Nogo, an expression vector (e.g., a pCEX vector) is created 
encoding a Signal peptide, GST, and the 66 amino acid active 
domain of Nogo. GST-Nogo may be purified from the 
culture medium and used as a GST fusion protein, or GST 
may be cleaved from the Nogo portion of the fusion protein 
with an enzyme that recognizes the Specific amino acid 
cleavage Sit engineered between the GST portion and the 
Nogo portion of the fusion protein. Such Sites are part of the 
commercially available GST vectors. The specific cleavage 
Sites and enzymes may be used in accordance with the 
Manufacturer's Specifications. 
0351. It has been found that AP-Nogo is actually slightly 
more potent than GST-Nogo, perhaps because the protein is 
Synthesized in a eukaryotic rather than a prokaryotic cell. 
0352 Binding of Nogo to immobilized NgR homologs 
may be performed in an ELISA-type assay in which AP 
Nogo is allowed to react with an immobilized receptor 
homolog. Specificity of binding may be demonstrated in a 
competitive binding assay using increasing amounts of 
GST-Nogo in the type of assay to show a decreasing amount 
of binding of AP-Nogo (as judged in the calorimetric assay). 

EXAMPLE 6 

Transfected COS Cell Binding Assays 
0353. The homologs of the present invention may be used 
in transfection studies in COS cells to demonstrate binding 
of Nogo. Specifically, nucleotide Sequences encoding NgR2 
and NgR3 may be transfected into COS cells using a suitable 
vector. Non-transfected COS-7 cells do not bind AP-Nogo. 
However, transfection of COS cells with nucleic acid 
Sequences encoding NgRS will make them capable of bind 
ing Nogo. AP alone does not bind with any stable affinity to 
these transfected cells, indicating that any affinity of Nogo 
for NgR2 or NgR3 would be due to the 66 amino acids 
derived from Nogo. Furthemore, specific affinity of Nogo 
for the NgR2 or NgR3 proteins may be tested in displace 
ment of AP-Nogo assays using GST-Nogo. NgR2 and/or 
NgR3 may also bind homologs of Nogo, which may also be 
tested using this assay. 

EXAMPLE 7 

Expression of NgR in Human Cell Lines Using 
Northern Blot and a Random-Primed Probe 

0354) A Northern blot is purchased from a commercial 
Source, or RNA samples from cells of interest are run on an 
agarose gel and blotted to a membrane using any of the well 
known techniques for Northern blotting. The blot is probed 
with a fragment of NgR2 (SEQID NO:1) or NgR3 (SEQ ID 
NO:3). The probe is prepared from 50 ng of cDNA labeled 
by a random-primed method (Feinberg and Vogelstein 
(1983) Anal. Biochem. 132, 6-13). Hybridization is carried 
out at 68 C. for 1 hour in ExpressHybTM solution (Clon 
tech, Cat. No. 8015-1) followed by washing with 2x SSC/ 
0.05% SDS at room temperature and two washes with 0.1x 
SSC/0.1% SDS at 50° C. Expression of NgR2 and/or NgR3 
can be assessed by the presence of an appropriately sized 
band on the blot. 

EXAMPLE 8 

Cloning of cDNA Corresponding to NgRs 
0355 To obtain the full-length clone corresponding to 
NgR2 from a cDNA library, the following method may be 
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used. A cDNA library is generated using Standard methods 
from a tissue known to contain NgR2. Such a tissue was 
identified in Example 2. 1x10° plaque forming units from 
the cDNA library may be screened in duplicate on OPTIT 
RANTM filters. The filters are hybridized with 'P-labeled 
oligonucleotides that are generated from the ESTS corre 
sponding to portions of NgR2. The hybridization reaction 
may consist of 400 mls plaque screen buffer (50 mM Tris pH 
7.5, 1M NaCl, 0.1% Sodium pyrophosphate, 0.2% Polyvi 
nylpryolidine and 0.2% Ficoll) containing 10% Dextran 
sulfate and 100 tug/ml tRNA and 80 pmol each 'P-labeled 
oligonucleotide at 65° C. overnight. The filters are washed 
twice with 2x SSC/1%SDS and twice with 1x SSC/1%SDS 
and exposed to film. Duplicate positives are purified. DNA 
from each of these clones is analyzed by restriction enzyme 
digest followed by agarose gel electrophoresis and Southern 
blotting. The filters are hybridized to the P-labeled oligo 
nucleotides used for the original hybridization to confirm 
that inserts hybridize to the probe. The insert is then 
sequenced to confirm that it represents the cDNA for NgR2. 
Similar methods may be used to generate a full-length clone 
corresponding to NgR3. 
0356 Alternatively, a full-length clone of NgR2 or NgR3 
can be obtained by a perSon of ordinary skill in the art 
employing conventional PCR techniques. 

EXAMPLE 9 

Hybridization Analysis to Demonstrate NgR 
Expression in the Brain 

0357 The expression of NgR in mammals, such as the 
rat, may be investigated by in Situ hybridization histochem 
istry. To investigate expression in the brain, for example, 
coronal and Sagittal rat brain cryoSections (20 um thick) are 
prepared using a Reichert-Jung cryostat. Individual Sections 
are thaw-mounted onto Silanized, nuclease-free slides (CEL 
ASSociates, Inc., Houston, Tex.), and stored at -80 C. 
Sections are processed Starting with post-fixation in cold 4% 
paraformaldehyde, rinsed in cold phosphate-buffered Saline 
(PBS), acetylated using acetic anhydride in triethanolamine 
buffer, and dehydrated through a Series of alcohol washes in 
70%, 95%, and 100% alcohol at room temperature. Subse 
quently, Sections are delipidated in chloroform, followed by 
rehydration through successive exposure to 100% and 95% 
alcohol at room temperature. Microscope Slides containing 
processed cryoSections are allowed to air dry prior to 
hybridization. Other tissues may be assayed in a similar 
fashion. 

0358) A NgR-specific probe may be generated using 
PCR. Following PCR amplification, the fragment is digested 
with restriction enzymes and cloned into pBlueScript II 
cleaved with the same enzymes. For production of a probe 
Specific for the Sense Strand of NgR, a cloned NgR fragment 
cloned in p3luescript II may be linearized with a suitable 
restriction enzyme, which provides a Substrate for labeled 
run-off transcripts (i.e., cRNA riboprobes) using the vector 
borne T7 promoter and commercially available T7 RNA 
polymerase. A probe Specific for the antisense Strand of NgR 
may also be readily prepared using the NgR clone in 
pBlueScript II by cleaving the recombinant plasmid with a 
Suitable restriction enzyme to generate a linearized Substrate 
for the production of labeled run-off cRNA transcripts using 
the T3 promoter and cognate polymerase. The riboprobes 
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may be labeled with S-UTP to yield a specific activity of 
about 0.40x10 cpm/pmol for antisense riboprobes and 
about 0.65x10 cpm/pmol for sense-strand riboprobes. Each 
riboprobe may be Subsequently denatured and added (2 
pmol/ml) to hybridization buffer which contains 50% for 
mamide, 10% dextran, 0.3 MNaCl, 10 mM Tris (pH 8.0), 1 
mM EDTA, 1x Denhardt's Solution, and 10 mM dithiothrei 
tol. MicroScope Slides containing Sequential brain cryoSec 
tions may be independently exposed to 45 ul of hybridiza 
tion Solution per slide and Silanized cover slipS may be 
placed over the Sections being exposed to hybridization 
solution. Sections are incubated overnight (15-18 hours) at 
52 C. to allow hybridization to occur. Equivalent series of 
cryoSections are then exposed to Sense or antisense NgR 
specific cFRNA riboprobes. 
0359 Following the hybridization period, coverslips are 
washed off the slides in IX SSC, followed by RNase A 
treatment involving the exposure of Slides to 20 tug/ml 
RNase A in a buffer containing 10 mM Tris-HCl (pH 7.4), 
0.5 M EDTA, and 0.5 M NaCl for 45 minutes at 37°C. The 
cryoSections are then Subjected to three high-stringency 
washes in 0.1x SSC at 52 C. for 20 minutes each. Following 
the Series of washes, cryoSections are dehydrated by con 
secutive exposure to 70%, 95%, and 100% ammonium 
acetate in alcohol, followed by air drying and exposure to 
Kodak BioMaxTM MR-1 film. After 13 days of exposure, the 
film is developed, and any significant hybridization Signal is 
detected. Based on these results, slides containing tissue that 
hybridized, as shown by film autoradiograms, are coated 
With Kodak NTB-2 nuclear track emulsion and the Slides are 
stored in the dark for 32 days. The slides are then developed 
and counterstained with hematoxylin. Emulsion-coated Sec 
tions are analyzed microscopically to determine the Speci 
ficity of labeling. The Signal is determined to be specific if 
autoradiographic grains (generated by antisense probe 
hybridization) are clearly associated with cresyl Violate 
Stained cell bodies. Autoradiographic grains found between 
cell bodies indicate non-specific binding of the probe. 
0360. In Some cases, Such as using a probe to detect a 
NgR homolog in a heterologous species, in order to achieve 
optimal hybridization, it may be necessary to decrease the 
Stringency conditions. Such conditions are well known to 
those of ordinary skill in the art and examples are provided 
above. 

0361 Expression of NgR in the brain provides an indi 
cation that modulators of NgR activity have utility for 
treating neurological disorders. Some other diseases for 
which modulators of NgR may have utility include depres 
Sion, anxiety, bipolar disease, epilepsy, neuritis, neurasthe 
nia, neuropathy, neuroses, and the like. Use of NgR modu 
lators, including NgR ligands and anti-NgR antibodies, to 
treat individuals having Such disease States is intended as an 
aspect of the invention. 

EXAMPLE 10 

Northern Blot Analysis of NgR-RNA With a 
PCR-Generated Probe 

0362 Northern blot hybridizations may be performed to 
examine the expression of NgR mRNA. A clone containing 
at least a portion of the sequence of SEQ ID NO:1 may be 
used as a probe. Vector-specific primers are used in PCR to 
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generate a hybridization probe fragment for P-labeling. 
The PCR is performed as follows: 

Mix: 1 ul NgR-containing plasmid 
2 ul fwd primer (10-50 pM) 
2 ul rev primer (10-50 pM) 
10 ul 10 x PCR buffer (such as that provided with the 

enzyme, Amersham Pharmacia Biotech) 
1 ul 10 mM dNTP (such as #1969 064 from 

Boehringer Mannheim) 
0.5 ul Taq polymerase (such as #27-0799-62, Amersham 

Pharmacia Biotech) 
83.5 ul water 

0363 PCR is performed in a Thermocycler using the 
following program: 

94° C. 5 min 
94° C. 1 min 
55° C. 1 min 30 cycles 
72° C. 1 min 
72° C. 10 min 

0364. The PCR product may be purified using QIAquick 
PCR Purification Kit (#28104) from Qiagen, and radictively 
labeled with 'P-dCTP (#AAO005/250, Amersham Pharma 
cia Biotech)) may be done by random priming using 
“Ready-to-go DNA Labeling Beads" (#27-9240-01) from 
Amersham Pharmacia Biotech. Hybridization is carried out 
on Human Multiple Tissue Northern Blot from Clontech as 
described in manufacturer's protocol, or on a Northern Blot 
prepared by running RNA samples from cells of interest on 
an agarose gel and blotting to a membrane using any of the 
known Northern blotting protocols. After exposure over 
night on Molecular DynamicS Phosphor Imager Screen 
(#MD 146-814) bands of an appropriate size are visualized. 

EXAMPLE 11 

Recombinant Expression of NgR in Eukaryotic 
Host Cells 

0365 A. Expression of NgR in Mammalian Cells 
0366 To produce NgR protein, a NgR-encoding poly 
nucleotide is expressed in a Suitable host cell using a Suitable 
expression vector and Standard genetic engineering tech 
niques. For example, a NgR-encoding Sequence described in 
Table 4 is Subcloned into the commercial expression vector 
pzeoSV2 (Invitrogen, San Diego, Calif.) and transfected into 
Chinese Hamster Ovary (CHO) cells using the transfection 
reagent FuGENE6TM (Boehringer-Mannheim) and the trans 
fection protocol provided in the product insert. Other 
eukaryotic cell lines, including human embryonic kidney 
(HEK 293) and COS cells, are suitable as well. Cells stably 
expressing NgR are Selected by growth in the presence of 
100 lug/ml Zeocin (Stratagene, LaJolla, Calif.). As an TM 
alternative to FuGENE6TM, the expression vector may carry 
the gene for dihydrofolate reductase (dhfr) and selection of 
clones with methotrexate (MTX) drug pressure allows for 
stable transformation of CHO cells. Optionally, NgR may be 
purified from the cells using Standard chromatographic 
techniques. To facilitate purification, antisera is raised 
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against one or more Synthetic peptide Sequences that corre 
spond to portions of the NgR amino acid Sequence, and the 
antisera is used to affinity purify Nogo-R. The NgR also may 
be expressed in-frame with a tag sequence (e.g., polyhisti 
dine, hemaglutinin, FLAG) to facilitate purification. More 
over, it will be appreciated that many of the uses for NgR 
polypeptides, Such as assays described below, do not require 
purification of NgR from the host cell. 
0367 B. Expression of NgR in CHO cells 
0368 For expression of NgR in Chinese hamster ovary 
(CHO) cells, a plasmid bearing the relevant NgR coding 
Sequence is prepared, using a vector which also bears the 
selectable marker dihydrofolate reductase (DHFR). The 
plasmid is transfected into CHO cells. Selection under MTX 
drug preSSure allows for preparation of Stable transformants 
of a NgR (NgR2 or NgR3) in an expression plasmid carrying 
a selectable marker Such as DHFR. 

0369 C. Expression of NgR in 293 Cells 
0370 For expression of NgR in mammalian cells 293 
(transformed human, primary embryonic kidney cells), a 
plasmid bearing the relevant NgR coding Sequence is pre 
pared, using vector pSecTag2A (Invitrogen). Vector 
pSecTag2A contains the murine Igk chain leader Sequence 
for Secretion, the c-myc epitope for detection of the recom 
binant protein with the anti-myc antibody, a C-terminal 
polyhistidine for purification with nickel chelate chroma 
tography, and a Zeocin resistant gene for Selection of Stable 
transfectants. The forward primer for amplification of this 
NgR cDNA is determined by routine procedures and pref 
erably contains a 5' extension of nucleotides to introduce the 
HindIII cloning site and nucleotides matching the NgR 
Sequence. The reverse primer is also determined by routine 
procedures and preferably contains a 5' extension of nucle 
otides to introduce an XhoI restriction Site for cloning and 
nucleotides corresponding to the reverse complement of the 
NgR sequence. The PCR conditions are 55 C. as the 
annealing temperature. The PCR product is gel purified and 
cloned into the HindIII-XhoI sites of the vector. 

0371 The DNA is purified using Qiagen chromatography 
columns and transfected into 293 cells using DOTAPTM 
transfection media (Boehringer Mannheim, Indianapolis, 
Ind.). Transiently transfected cells are tested for expression 
after 24 hours of transfection, using western blots probed 
with anti-His and anti-NgR peptide antibodies. Permanently 
transfected cells are Selected with Zeocin and propagated. 
Production of the recombinant protein is detected from both 
cells and media by Western blots probed with anti-His, 
anti-Myc or anti-NgR peptide antibodies. 

0372 D. Transient Expression of Nogo-R in COS Cells 
0373 For expression of the NgR in COS7 cells, a poly 
nucleotide molecule having a nucleotide Sequence of SEQ 
ID NO:1, for example, can be cloned into vector p3-CI. This 
vector is a puC18-derived plasmid that contains the HCMV 
(human cytomegalovirus) promoter-intron located upstream 
from the bCH (bovine growth hormone) polyadenylation 
Sequence and a multiple cloning Site. 

0374. The forward primer is determined by routine pro 
cedures and preferably contains a 5' extension which intro 
duces an Xbal restriction site for cloning, followed by 
nucleotides which correspond to a nucleotide Sequence of 
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SEQ ID NO:1. The reverse primer is also determined by 
routine procedures and preferably contains 5'-extension of 
nucleotides which introduces a SalI cloning site followed by 
nucleotides which correspond to the reverse complement of 
a nucleotide sequence of SEQ ID NO:1. 
0375. The PCR consists of an initial denaturation step of 
5 min at 95°C., 30 cycles of 30 sec denaturation at 95°C., 
30 sec annealing at 58 C. and 30 sec extension at 72 C., 
followed by 5 min extension at 72° C. The PCR product is 
gel purified and ligated into the Xbaland Sal sites of vector 
p3-CI. This construct is transformed into E. coli cells for 
amplification and DNA purification. The DNA is purified 
with Qiagen chromatography columns and transfected into 
COS 7 cells using Lipofectamine TM reagent from BRL, 
following the manufacturer's protocols. Forty-eight and 72 
hours after transfection, the media and the cells are tested for 
recombinant protein expression. 
0376 NgR expressed from a COS cell culture can be 
purified by concentrating the cell-growth media to about 10 
mg of protein/ml, and purifying the protein by, for example, 
chromatography. Purified NgR is concentrated to 0.5 mg/ml 
in an Amicon concentrator fitted with a YM-10 membrane 
and stored at -80 C. NgR3 may also be expressed using this 
method and the nucleotide sequence of SEQ ID NO:3 or 
SEO ID NO:13. 

0377 E. Expression of NgR in Insect Cells 
0378 For expression of NgR in a baculovirus system, a 
polynucleotide molecule having a nucleotide Sequence of 
SEQ ID NO:1, 3 or 13 can be amplified by PCR. The 
forward primer is determined by routine procedures and 
preferably contains a 5' extension which adds the Nde 
cloning site, followed by nucleotides which correspond to a 
nucleotide sequence of SEQ ID NO:1 (or SEQ ID NO:3 or 
SEQ ID NO:13, respectively). The reverse primer is also 
determined by routine procedures and preferably contains a 
5' extension which introduces the KpnI cloning site, fol 
lowed by nucleotides which correspond to the reverse 
complement of a nucleotide sequence of SEQ ID NO:1 (or 
SEQ ID NO:3 or SEQ ID NO:13, respectively). 
0379 The PCR product is gel purified, digested with 
Ndel and Kpn, and cloned into the corresponding Sites of 
vector paCHTL-A (Pharmingen, San Diego, Calif.). The 
pAcHTL expression vector contains the Strong polyhedrin 
promoter of the Autographa Californica nuclear polyhedro 
sis virus (AcMNPV), and a 6XHis tag upstream from the 
multiple cloning Site. A protein kinase site for phosphory 
lation and a thrombin Site for excision of the recombinant 
protein precede the multiple cloning Site is also present. Of 
course, many other baculovirus vectors could be used in 
place of pacHTL-A, such as pac373, pVL941 and pacIM1. 
Other suitable vectors for the expression of NgR polypep 
tides can be used, provided that the vector construct includes 
appropriately located Signals for transcription, translation, 
and trafficking, Such as an in-frame AUG and a signal 
peptide, as required. Such vectors are described in Luckow 
et al., Virology 170:31-39, among others. 
0380 The virus is grown and isolated using standard 
baculovirus expression methods, Such as those described in 
Summers et al. (1987) A MANUAL OF METHODS FOR 
BACULOVIRUS VECTORS AND INSECT CELL CUL 
TURE PROCEDURES, Texas Agricultural Experimental 
Station Bulletin No. 1555. 



US 2003/O124704 A1 

0381. In a preferred embodiment, pacHLT-A containing 
NgR gene is introduced into baculovirus using the “Bacul 
oGoldTM” transfection kit (Pharmingen, San Diego, Calif.) 
using methods established by the manufacturer. Individual 
Virus isolates are analyzed for protein production by radio 
labeling infected cells with S-methionine at 24 hours post 
infection. Infected cells are harvested at 48 hours post 
infection, and the labeled proteins are visualized by SDS 
PAGE. Viruses exhibiting high expression levels can be 
isolated and used for Scaled up expression. 
0382 For expression of a NgR polypeptide in a Sf9 cells, 
a polynucleotide molecule having the nucleotide Sequence 
of SEQID NO:1 (or SEQ ID NO:3 or SEQ ID NO:13) can 
be amplified by PCR using the primers and methods 
described above for baculovirus expression. The NgR cDNA 
is cloned into vector pAcHLT-A (Pharmingen) for expres 
Sion in Sf9 insect. The insert is cloned into the Nde and 
Kpni Sites, after elimination of an internal Nde site (using 
the Same primerS described above for expression in bacu 
lovirus). DNA is purified with Qiagen chromatography 
columns and expressed in Sf9 cells. Preliminary Western 
blot experiments from non-purified plaques are tested for the 
presence of the recombinant protein of the expected size 
which reacted with the NgR-specific antibody. These results 
are confirmed after further purification and expression opti 
mization in HiG5 cells. 

0383) F. Expression of Soluble Forms of NgR2 and NgR3 
as NgR-Ig Fusion Proteins. 
0384) To generate a NgR2-Ig fusion protein, standard 
methods may be used as described in the literature (e.g. 
Sanicola et al. (1997) Proc. Natl. Acad. Sci. USA. 94, 
6238-6243). For example, a DNA fragment encoding NgR2 
without the Sequence encoding the hydrophobic C-terminus 
(GPI anchor signal) may be ligated to a DNA fragment 
encoding the Fc domain of IgG1 (which may be human 
IgG1), and the chimeric fragment may be cloned into an 
expression vector to generate a plasmid. The plasmid may 
then be transfected into Chinese hamster ovary cells to 
generate a stable cell line producing the fusion protein. The 
fusion protein is then purified from conditioned media using 
Standard methods. For example, clarified conditioned media 
from the cell line may be loaded by gravity directly onto 
Protein A Sepharose. The column may then be washed with 
five column volumes each of PBS, PBS containing 0.5 M 
NaCl, and 25 mM sodium phosphate, 100 mM NaCl (pH 
5.0). The bound protein may then be eluted with 25 mM 
NaHPO, 100 mM NaCl (pH 2.8) and immediately neu 
tralized with Ao fraction volume of 0.5 M NaHPO (pH 
8.6). 
0385) Similar methods may be used to generate a NgR3 
Ig fusion protein. 

EXAMPLE 12 

Interaction Trap/Two-Hybrid System 
0386. In order to assay for NgR-interacting proteins, the 
interaction trap/two-hybrid library Screening method can be 
used. This assay was first described in Fields et al. (1989) 
Nature 340, 245, which is incorporated herein by reference 
in its entirety. A protocol is published in CURRENT PRO 
TOCOLS IN MOLECULAR BIOLOGY 1999, John Wiley 
& Sons, NY and Ausubel, F. M. et al. 1992, SHORT 
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PROTOCOLS IN MOLECULAR BIOLOGY, fourth edi 
tion, Greene and Wiley-interscience, NY, which is incorpo 
rated herein by reference in its entirety. Kits are available 
from Clontech, Palo Alto, Calif. (Matchmaker Two-Hybrid 
System 3). 

0387 A fusion of the nucleotide sequences encoding all 
or partial NgR and the yeast transcription factor GALA 
DNA-binding domain (DNA-BD) is constructed in an 
appropriate plasmid (i.e., pGBKT7) using Standard Subclon 
ing techniques. Similarly, a GAL4 active domain (AD) 
fusion library is constructed in a second plasmid (i.e., 
pGADT7) from cDNA of potential NgR-binding proteins 
(for protocols on forming cDNA libraries, see Sambrook et 
al. 1989, MOLECULAR CLONING: A LABORATORY 
MANUAL, second edition, Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, N.Y.), which is incorporated 
herein by reference in its entirety. The DNA-BD/NgR fusion 
construct is verified by Sequencing, and tested for autono 
mous reporter gene activation and cell toxicity, both of 
which would prevent a Successful two-hybrid analysis. 
Similar controls are performed with the AD/library fusion 
construct to ensure expression in host cells and lack of 
transcriptional activity. Yeast cells are transformed (ca. 105 
transformants/mg DNA) with both the NgR and library 
fusion plasmids according to standard procedure (Ausubel, 
et al., 1992, SHORT PROTOCOLS IN MOLECULAR 
BIOLOGY, fourth edition, Greene and Wiley-interscience, 
NY, which is incorporated herein by reference in its 
entirety). In vivo binding of DNA-BD/NgR with AD/library 
proteins results in transcription of Specific yeast plasmid 
reporter genes (i.e., lacZ, HIS3, ADE2, LEU2). Yeast cells 
are plated on nutrient-deficient media to Screen for expres 
Sion of reporter genes. Colonies are dually assayed for 
f-galactosidase activity upon growth in Xgal (5-bromo-4- 
chloro-3-indolyl-b-D-galactoside) Supplemented media (fil 
ter assay for b-galactosidase activity is described in Breeden 
et al., (1985) Cold Spring Harb. Symp. Quant. Biol, 50, 643, 
which is incorporated herein by reference in its entirety). 
Positive AD-library plasmids are rescued from transfor 
mants and reintroduced into the original yeast Strain as well 
as other strains containing unrelated DNA-BD fusion pro 
teins to confirm Specific NgR/library protein interactions. 
Insert DNA is Sequenced to Verify the presence of an open 
reading frame fused to GAL4 AD and to determine the 
identity of the NgR-binding protein. 

EXAMPLE 13 

Antibodies to Nogo-R 

0388 Standard techniques are employed to generate 
polyclonal or monoclonal antibodies to the NgR receptor, 
and to generate useful antigen-binding fragments thereof or 
variants thereof, including "humanized variants. Such pro 
tocols can be found, for example, in Sambrook et al. (1989), 
above, and Harlow et al. (Eds.), ANTIBODIES A LABO 
RATORY MANUAL; Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, N.Y. (1988). In one embodiment, 
recombinant NgR polypeptides (or cells or cell membranes 
containing Such polypeptides) are used as antigen to gener 
ate the antibodies. In another embodiment, one or more 
peptides having amino acid Sequences corresponding to an 
immunogenic portion of NgR (e.g., 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, or more amino acids) are used as 
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antigen. Peptides corresponding to extracellular portions of 
Nogo-R, especially hydrophilic extracellular portions, are 
preferred. The antigen may be mixed with an adjuvant or 
linked to a hapten to increase antibody production. 
0389 A. Polyclonal or Monoclonal antibodies 
0390. As one exemplary protocol, recombinant NgR or a 
Synthetic fragment thereof is used to immunize a mouse for 
generation of monoclonal antibodies (or larger mammal, 
Such as a rabbit, for polyclonal antibodies). To increase 
antigenicity, peptides are conjugated to Keyhole Limpet 
Hemocyanin (Pierce), according to the manufacturer's rec 
ommendations. For an initial injection, the antigen is emul 
sified with Freund's Complete Adjuvant and injected Sub 
cutaneously. At intervals of two to three weeks, additional 
aliquots of NgR antigen are emulsified with Freund's 
Incomplete Adjuvant and injected Subcutaneously. Prior to 
the final booster injection, a Serum Sample is taken from the 
immunized mice and assayed by Western blot to confirm the 
presence of antibodies that immunoreact with NgR. Serum 
from the immunized animals may be used as polyclonal 
antisera or used to isolate polyclonal antibodies that recog 
nize NgR. Alternatively, the mice are Sacrificed and their 
Spleen removed for generation of monoclonal antibodies. 
0391 To generate monoclonal antibodies, the spleens are 
placed in 10 ml serum-free RPMI 1640, and single cell 
Suspensions are formed by grinding the Spleens in Serum 
free RPMI 1640, Supplemented with 2 mM L-glutamine, 1 
mM sodium pyruvate, 100 units/ml penicillin, and 100 
ug/ml streptomycin (RPMI) (Gibco, Canada). The cell sus 
pensions are filtered and washed by centrifugation and 
resuspended in serum-free RPMI. Thymocytes taken from 
three naive Balb/c mice are prepared in a similar manner and 
used as a Feeder Layer. NS-1 myeloma cells, kept in log 
phase in RPMI with 10% fetal bovine serum (FBS) 
(Hyclone Laboratories, Inc., Logan, Utah) for three days 
prior to fusion, are centrifuged and washed as well. 
0392 To produce hybridoma fusions, spleen cells from 
the immunized mice are combined with NS-1 cells and 
centrifuged, and the Supernatant is aspirated. The cell pellet 
is dislodged by tapping the tube, and 2 ml of 37 C. PEG 
1500 (50% in 75 mM HEPES, pH 8.0) (Boehringer-Man 
nheim) is stirred into the pellet, followed by the addition of 
serum-free RPMI. Thereafter, the cells are centrifuged, 
resuspended in RPMI containing 15% FBS, 100 uM sodium 
hypoxanthine, 0.4 uMaminopterin, 16 uM thymidine (HAT) 
(Gibco), 25 units/ml IL-6 (Boehringer-Mannheim) and 1.5x 
10 thymocytes/ml, and plated into 10 Corning flat-bottom 
96-well tissue culture plates (Corning, Corning, N.Y.). 
0393) On days 2, 4, and 6 after the fusion, 100 ul of 
medium is removed from the wells of the fusion plates and 
replaced with fresh medium. On day 8, the fusions are 
Screened by ELISA, testing for the presence of mouse IgG 
that binds to NgR. Selected fusion wells are further cloned 
by dilution until monoclonal cultures producing anti-NgR 
antibodies are obtained. 

0394 B. Humanization of Anti-NgR Monoclonal Anti 
bodies 

0395. The expression pattern of NgR as reported herein 
and the potential of NgRS as targets for therapeutic inter 
vention Suggest therapeutic indications for NgR inhibitors 
(antagonists). NgR-neutralizing antibodies comprise one 
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class of therapeutics useful as NgR antagonists. Following 
are protocols to improve the utility of anti-NgR monoclonal 
antibodies as therapeutics in humans by “humanizing the 
monoclonal antibodies to improve their serum half-life and 
render them less immunogenic in human hosts (i.e., to 
prevent human antibody response to non-human anti-NgR 
antibodies). 
0396 The principles of humanization have been 
described in the literature and are facilitated by the modular 
arrangement of antibody proteins. To minimize the possi 
bility of binding complement, a humanized antibody of the 
IgG4 isotype is preferred. 

0397 For example, a level of humanization is achieved 
by generating chimeric antibodies comprising the variable 
domains of non-human antibody proteins of interest with the 
constant domains of human antibody molecules. (See, e.g., 
Morrison et al., (1989) Adv: Immunol, 44, 65-92). The 
variable domains of NgR-neutralizing anti-NgR antibodies 
are cloned from the genomic DNA of a B-cell hybridoma or 
from cDNA generated from mRNA isolated from the hybri 
doma of interest. The V region gene fragments are linked to 
exons encoding human antibody constant domains, and the 
resultant construct is expressed in Suitable mammalian host 
cells (e.g., myeloma or CHO cells). 
0398. To achieve an even greater level of humanization, 
only those portions of the variable region gene fragments 
that encode antigen-binding complementarity determining 
regions (“CDR') of the non-human monoclonal antibody 
genes are cloned into human antibody Sequences. (See, e.g., 
Jones et al., (1986) Nature 321, 522-525; Riechmann et al., 
(1988) Nature 332, 323-327; Verhoeyen et al., (1988) Sci 
ence 239, 1534-1536 ; and Tempest et al., (1991) Bio/ 
Technology 9, 266-271). If necessary, the B-sheet frame 
work of the human antibody surrounding the CDR3 regions 
also is modified to more closely mirror the three dimensional 
Structure of the antigen-binding domain of the original 
monoclonal antibody. (See Kettleborough et al., (1991) 
Protein Engin. 4, 773-783; and Foote et al., (1992) J. Mol. 
Biol. 224, 487-499). 
0399. In an alternative approach, the surface of a non 
human monoclonal antibody of interest is humanized by 
altering Selected Surface residues of the non-human anti 
body, e.g., by Site-directed mutagenesis, while retaining all 
of the interior and contacting residues of the non-human 
antibody. See Padlan (1991) Mol. Immunol. 28, 489-498. 
0400. The foregoing approaches are employed using 
NgR-neutralizing anti-NgR monoclonal antibodies and the 
hybridomas that produce them to generate humanized NgR 
neutralizing antibodies useful as therapeutics to treat or 
palliate conditions wherein NgR expression or ligand-me 
diated NgR signaling is detrimental. 
04.01 C. Human NgR-Neutralizing Antibodies from 
Phage Display 

0402 Human NgR-neutralizing antibodies are generated 
by phage display techniqueS Such as those described in 
Aujame et al. (1997) Human Antibodies 8, 155-168; Hoo 
genboom (1997) TIBTECH 15, 62-70; and Rader et al. 
(1997), Curr. Opin. Biotechnol. 8,503-508, all of which are 
incorporated by reference. For example, antibody variable 
regions in the form of Fab fragments or linked Single chain 
Fv fragments are fused to the amino terminus of filamentous 
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phage minor coat protein pl. Expression of the fusion 
protein and incorporation thereof into the mature phage coat 
results in phage particles that present an antibody on their 
Surface and contain the genetic material encoding the anti 
body. A phage library comprising Such constructs is 
expressed in bacteria, and the library is Screened for NgR 
Specific phage-antibodies using labeled or immobilized NgR 
as antigen-probe. 
0403 D. Human NgR-Neutralizing Antibodies from 
Transgenic Mice 
04.04 Human NgR-neutralizing antibodies are generated 
in transgenic mice essentially as described in Bruggemann et 
al. (1996) Immunol. Today 17, 391-397 and Bruggemann et 
al. (1997) Curr. Opin. Biotechnol. 8, 455-458. Transgenic 
mice carrying human V-gene Segments in germline configu 
ration and that express these transgenes in their lymphoid 
tissue are immunized with a NgR composition using con 
ventional immunization protocols. hybridomas are gener 
ated using B cells from the immunized mice using conven 
tional protocols and Screened to identify hybridomas 
Secreting anti-NgR human antibodies (e.g., as described 
above). 

EXAMPLE 1.4 

Assays to Identify Modulators of NgR Activity 

04.05 Set forth below are several nonlimiting assays for 
identifying modulators (agonists and antagonists) of NgR 
activity. Among the modulators that can be identified by 
these assays are natural ligand compounds of the receptor; 
Synthetic analogs and derivatives of natural ligands, anti 
bodies, antibody fragments, and/or antibody-like com 
pounds derived from natural antibodies or from antibody 
like combinatorial libraries, and/or Synthetic compounds 
identified by high-throughput Screening of libraries, and the 
like. All modulators that bind NgR are useful for identifying 
NgR in tissue samples (e.g., for diagnostic purposes, patho 
logical purposes, and the like). Agonist and antagonist 
modulators are useful for up-regulating and down-regulating 
NgR activity, respectively, to treat disease States character 
ized by abnormal levels of NgR activity. The assays may be 
performed using Single putative modulators, and/or may be 
performed using a known agonist in combination with 
candidate antagonists (or Visa versa). 
0406 A. cAMP Assays 
0407. In one type of assay, levels of cyclic adenosine 
monophosphate (cAMP) are measured in NgR-transfected 
cells that have been exposed to candidate modulator com 
pounds. Protocols for cAMP assays have been described in 
the literature. (See, e.g., Sutherland et al., (1968) Circulation 
37,279; Frandsen et al., (1976) Life Sciences 18, 529-541; 
Dooley et al., (1997) J. Pharmacol. Exp. Therap. 283, 
735-41; and George et al., (1997) J. Biomol. Screening 2, 
235-40). An exemplary protocol for Such an assay, using an 
Adenylyl Cyclase Activation FlashPlate Assay from NENTM 
Life Science Products, is set forth below. 
0408 Briefly, the NgR coding sequence (e.g., a cDNA or 
intronless genomic DNA) is Subcloned into a commercial 
expression vector, Such as pzeoSV2 (Invitrogen), and tran 
siently transfected into Chinese Hamster Ovary (CHO) cells 
using known methods, Such as the transfection protocol 
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provided by Boehringer-Mannheim when Supplying the 
FuGENE 6 transfection reagent. Transfected CHO cells are 
seeded into 96-well microplates from the FlashPlate(R) assay 
kit, which are coated with Solid Scintillant to which antisera 
to cAMP has been bound. For a control, Some wells are 
seeded with wild type (untransfected) CHO cells. Other 
wells in the plate receive various amounts of a cAMP 
Standard Solution for use in creating a Standard curve. 

04.09. One or more test compounds (i.e., candidate modu 
lators) are added to the cells in each well, with water and/or 
compound-free medium/diluent Serving as a control or con 
trols. After treatment, cAMP is allowed to accumulate in the 
cells for exactly 15 minutes at room temperature. The assay 
is terminated by the addition of lysis buffer containing 
'I-labeled cAMP, and the plate is counted using a Pack 
ard TopcountTM 96-well microplate Scintillation counter. 
Unlabeled cAMP from the lysed cells (or from standards) 
and fixed amounts of ''Il-cAMP compete for antibody 
bound to the plate. A Standard curve is constructed, and 
cAMP values for the unknowns are obtained by interpola 
tion. Changes in intracellular cAMP levels of cells in 
response to exposure to a test compound are indicative of 
NgR modulating activity. Modulators that act as agonists of 
receptors which couple to the Gs subtype of G proteins will 
stimulate production of cAMP, leading to a measurable 3-10 
fold increase in cAMP levels. Agonists of receptors which 
couple to the G subtype of G proteins will inhibit forsko 
lin-Stimulated cAMP production, leading to a measurable 
decrease in cAMP levels of 50-100%. Modulators that act as 
inverse agonists will reverse these effects at receptors that 
are either constitutively active or activated by known ago 
nists. 

0410) B. Aequorin Assays 

0411. In another assay, cells (e.g., CHO cells) are tran 
Siently co-transfected with both a NgR expression construct 
and a construct that encodes the photoprotein apoaquorin. In 
the presence of the cofactor coelenterazine, apoaquorin will 
emit a measurable luminescence that is proportional to the 
amount of intracellular (cytoplasmic) free calcium. (See 
generally, Cobbold, et al. "Aequorin measurements of cyto 
plasmic free calcium,” In: McCormack J. G. and Cobbold P. 
H., eds., CELLULAR CALCIUM: A PRACTICAL 
APPROACH. Oxford:IRL Press (1991); Stables et al., 
(1997) Anal. Biochem. 252, 115-26; and Haugland, HAND 
BOOK OF FLUORESCENT PROBES AND RESEARCH 
CHEMICALS. Sixth edition. Molecular Probes, Eugene, 
Oreg. (1996)). 
0412. In one exemplary assay, NgR is subcloned into the 
commercial expression vector pZeoSV2 (Invitrogen) and 
transiently co-transfected along with a construct that 
encodes the photoprotein apoaquorin (Molecular Probes, 
Eugene, Oreg.) into CHO cells using the transfection reagent 
FuGENE 6 (Boehringer-Mannheim) and the transfection 
protocol provided in the product insert. 

0413) The cells are cultured for 24 hours at 37° C. in 
MEM (Gibco/BRL, Gaithersburg, Md.) Supplemented with 
10% fetal bovine serum, 2 mM glutamine, 10 U/ml peni 
cillin and 10 ug/ml Streptomycin, at which time the medium 
is changed to serum-free MEM containing 5 uM coelentera 
Zine (Molecular Probes, Eugene, Oreg.). Culturing is then 
continued for two additional hours at 37 C. Subsequently, 



US 2003/O124704 A1 

cells are detached from the plate using VERSEN (Gibco/ 
BRL), washed, and resuspended at 200,000 cells/ml in 
Serum-free MEM. 

0414 Dilutions of candidate NgR modulator compounds 
are prepared in serum-free MEM and dispensed into wells of 
an opaque 96-well assay plate at 50 ul?well. Plates are then 
loaded onto an MLX microtiter plate luminometer (Dynex 
Technologies, Inc., Chantilly, Va.). The instrument is pro 
grammed to dispense 50 ulcell Suspensions into each well, 
one well at a time, and immediately read luminescence for 
15 Seconds. Dose-response curves for the candidate modul 
lators are constructed using the area under the curve for each 
light signal peak. Data are analyzed with SlideWrite, using 
the equation for a one-site ligand, and ECso values are 
obtained. Changes in luminescence caused by the com 
pounds are considered indicative of modulatory activity. 
Modulators that act as agonists at receptors which couple to 
the G subtype of G proteins give an increase in lumines 
cence of up to 100 fold. Modulators that act as inverse 
agonists will reverse this effect at receptors that are either 
constitutively active or activated by known agonists. 

0415 C. Luciferase Reporter Gene Assay 
0416) The photoprotein luciferase provides another use 
ful tool for assaying for modulators of NgR activity. Cells 
(e.g., CHO cells or COS 7 cells) are transiently co-trans 
fected with both a NgR expression construct (e.g., NgR in 
pZeoSV2) and a reporter construct which includes a gene for 
the luciferase protein downstream from a transcription factor 
binding site, such as the cAMP-response element (CRE), 
AP-1, or NF-kappa B. Expression levels of luciferase reflect 
the activation status of the signaling events. (See generally, 
George et al. (1997) J. Biomol. Screening 2, 235-240; and 
Stratowa et al. (1995) Curr. Opin. Biotechnol. 6, 574-581). 
Luciferase activity may be quantitatively measured using, 
e.g., luciferase assay reagents that are commercially avail 
able from Promega (Madison, Wis.). 
0417. In one exemplary assay, CHO cells are plated in 
24-well culture dishes at a density of 100,000 cells/well one 
day prior to transfection and cultured at 37 C. in MEM 
(Gibco/BRL) supplemented with 10% fetal bovine serum, 2 
mM glutamine, 10 U/ml penicillin and 10 ug/ml Streptomy 
cin. Cells are transiently co-transfected with both a NgR 
expression construct and a reporter construct containing the 
luciferase gene. The reporter plasmids CRE-luciferase, 
AP-1-luciferase and NF-kappaB-luciferase may be pur 
chased from Stratagene (Legally, Calif.). Transfections are 
performed using the FuGENE 6 transfection reagent (Boe 
hiringer-Mannheim) according to the Supplier's instructions. 
Cells transfected with the reporter construct alone are used 
as a control. Twenty-four hours after transfection, cells are 
washed once with PBS pre-warmed to 37 C. Serum-free 
MEM is then added to the cells either alone (control) or with 
one or more candidate modulators and the cells are incu 
bated at 37 C. for five hours. Thereafter, cells are washed 
once with ice-cold PBS and lysed by the addition of 100 ul 
of lysis buffer per well from the luciferase assay kit Supplied 
by Promega. After incubation for 15 minutes at room 
temperature, 15 ul of the lysate is mixed with 50 ul of 
Substrate Solution (Promega) in an opaque-white, 96-well 
plate, and the luminescence is read immediately on a Wal 
lace model 1450 MicroBeta Scintillation and luminescence 
counter (Wallace Instruments, Gaithersburg, Md.). 
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0418. Differences in luminescence in the presence versus 
the absence of a candidate modulator compound are indica 
tive of modulatory activity. Receptors that are either con 
Stitutively active or activated by agonists typically give a 
3-20-fold stimulation of luminescence compared to cells 
transfected with the reporter gene alone. Modulators that act 
as inverse agonists will reverse this effect. 
0419 D. Intracellular Calcium Measurement Using 
FLIPR 

0420 Changes in intracellular calcium levels are another 
recognized indicator of receptor activity, and Such assays 
can be employed to Screen for modulators of NgR activity. 
For example, CHO cells stably transfected with a NgR 
expression vector are plated at a density of 4x10" cells/well 
in Packard black-walled, 96-well plates specially designed 
to discriminate fluorescence signals emanating from the 
various wells on the plate. The cells are incubated for 60 
minutes at 37° C. in modified Dulbecco's PBS (D-PBS) 
containing 36 mg/L pyruvate and 1 g/L glucose with the 
addition of 1% fetal bovine serum and one of four calcium 
indicator dyes (Fluo-3TM AM, Fluo-4TM AM, Calcium 
GreenTM-1 AM, or Oregon GreenTM 488 BAPTA-1 AM), 
each at a concentration of 4 uM. Plates are washed once with 
modified D-PBS without 1% fetal bovine serum and incu 
bated for 10 minutes at 37 C. to remove residual dye from 
the cellular membrane. In addition, a Series of washes with 
modified D-PBS without 1% fetal bovine serum is per 
formed immediately prior to activation of the calcium 
response. 

0421. A calcium response is initiated by the addition of 
one or more candidate receptor agonist compounds, calcium 
ionophore A23.187 (10 uM; positive control), or ATP (4 uM; 
positive control). Fluorescence is measured by Molecular 
Device's FLIPR with an argon laser (excitation at 488 nm). 
(See, e.g., Kuntzweiler et al. (1998) Drug Dev: Res. 44,14 
20). The F-stop for the detector camera is set at 2.5 and the 
length of exposure is 0.4 milliseconds. Basal fluorescence of 
cells is measured for 20 Seconds prior to addition of candi 
date agonist, ATP, or A23 187, and the basal fluorescence 
level is Subtracted from the response Signal. The calcium 
Signal is measured for approximately 200 Seconds, taking 
readings every two Seconds. Calcium ionophore A23.187 and 
ATP increase the calcium signal 200% above baseline levels. 
In general, activated NgRS increase the calcium signal at 
least about 10-15% above baseline signal. 
0422 E. SIGTPYS Binding Assay 
0423. It is also possible to evaluate whether NgR signals 
through a G protein-mediated pathway. Because G protein 
coupled receptorS Signal through intracellular G proteins 
whose activity involves GTP binding and hydrolysis to yield 
bound GDP, measurement of binding of the non-hydrolyz 
able GTP analog S-GTPYS in the presence and absence 
of candidate modulators provides another assay for modu 
lator activity. (See, e.g., Kowal et al., (1998) Neuropharma 
cology 37, 179-187.). 
0424. In one exemplary assay, cells stably transfected 
with a NgR expression vector are grown in 10 cm tissue 
culture dishes to Subconfluence, rinsed once with 5 ml of 
ice-cold Ca"/Mg"-free phosphate-buffered saline, and 
scraped into 5 ml of the same buffer. Cells are pelleted by 
centrifugation (500x g, 5 minutes), resuspended in TEE 
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buffer (25 mM Tris, pH 7.5, 5 mM EDTA, 5 mM EGTA), 
and frozen in liquid nitrogen. After thawing, the cells are 
homogenized using a Dounce homogenizer (1 ml TEE per 
plate of cells), and centrifuged at 1,000x g for 5 minutes to 
remove nuclei and unbroken cells. 

0425 The homogenate Supernatant is centrifuged at 
20,000x g for 20 minutes to isolate the membrane fraction, 
and the membrane pellet is washed once with TEE and 
resuspended in binding buffer (20 mM HEPES, pH 7.5, 150 
mM NaCl, 10 mM MgCl, 1 mM EDTA). The resuspended 
membranes can be frozen in liquid nitrogen and Stored at 
-70° C. until use. 

0426 Aliquots of cell membranes prepared as described 
above and stored at -70° C. are thawed, homogenized, and 
diluted into buffer containing 20 mM HEPES, 10 mM 
MgCl, 1 mM EDTA, 120 mM NaCl, 10 uM GDP, and 0.2 
mMascorbate, at a concentration of 10-50 tug/ml. In a final 
Volume of 90 ul, homogenates are incubated with varying 
concentrations of candidate modulator compounds or 100 
uM GTP for 30 minutes at 30° C. and then placed on ice. To 
each sample, 10 ul guanosine 5'-O-(3S)thio) triphosphate 
(NEN, 1200 Ci/mmol; S-GTPYS), was added to a final 
concentration of 100-200 pM. Samples are incubated at 30 
C. for an additional 30 minutes, 1 ml of 10 mM HEPES, pH 
7.4, 10 mM MgCl, at 4 C. is added and the reaction is 
Stopped by filtration. 

0427 Samples are filtered over Whatman GF/B filters 
and the filters are washed with 20 ml ice-cold 10 mM 
HEPES, pH 7.4, 10 mM MgCl. Filters are counted by liquid 
scintillation spectroscopy. Nonspecific binding of S 
GTPYS is measured in the presence of 100 uM GTP and 
Subtracted from the total. Compounds are Selected that 
modulate the amount of S-GTPYS binding in the cells, 
compared to untransfected control cells. Activation of recep 
tors by agonists gives up to a five-fold increase in S 
GTPYS binding. This response is blocked by antagonists. 

0428 F. HArachidonic Acid Release 
0429 The activation of NgRs may also potentiate arachi 
donic acid release in cells, providing yet another useful 
assay for modulators of NgR activity. (See, e.g., Kanterman 
et al., (1991) Mol. Pharmacol. 39,364-369.) For example, 
CHO cells that are stably transfected with a NgR expression 
vector are plated in 24-well plates at a density of 15,000 
cells/well and grown in MEM medium supplemented with 
10% fetal bovine serum, 2 mM glutamine, 10 U/ml peni 
cillin and 10 ug/ml streptomycin for 48 hours at 37 C. 
before use. Cells of each well are labeled by incubation with 
H-arachidonic acid (Amersham Corp., 210 Ci/mmol) at 

0.5 uCi/ml in 1 ml MEM supplemented with 10 mM 
HEPES, pH 7.5, and 0.5% fatty-acid-free bovine serum 
albumin for 2 hours at 37 C. The cells are then washed 
twice with 1 ml of the same buffer. 

0430 Candidate modulator compounds are added in 1 ml 
of the same buffer, either alone or with 10 uM ATP and the 
cells are incubated at 37 C. for 30 minutes. Buffer alone and 
mock-transfected cells are used as controls. Samples (0.5 
ml) from each well are counted by liquid Scintilation 
Spectroscopy. Agonists which activate the receptor will lead 
to potentiation of the ATP-stimulated release of H-arachi 
donic acid. This potentiation is blocked by antagonists. 
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0431 G. Extracellular Acidification Rate 
0432. In yet another assay, the effects of candidate modu 
lators of NgR activity are assayed by monitoring extracel 
lular changes in pH induced by the test compounds (see, e.g., 
Dunlop et al. (1998) J. Pharmacol. Toxicol. Meth. 40, 
47-55). In one embodiment, CHO cells transfected with a 
NgR expression vector are Seeded into 12 mm capsule cups 
(Molecular Devices Corp.) at 4x10 cells/cup in MEM 
supplemented with 10% fetal bovine serum, 2 mM 
L-glutamine, 10 U/ml penicillin, and 10 ug/ml Streptomycin. 
The cells are incubated in this medium at 37 C. in 5% CO 
for 24 hours. 

0433 Extracellular acidification rates are measured using 
a Cytosensor microphysiometer (Molecular Devices Corp.). 
The capsule cups are loaded into the Sensor chambers of the 
microphysiometer and the chambers are perfused with run 
ning buffer (bicarbonate-free MEM Supplemented with 4 
mM L-glutamine, 10 units/ml penicillin, 10 ug/ml Strepto 
mycin, 26 mM NaCl) at a flow rate of 100 ul/minute. 
Candidate agonists or other agents are diluted into the 
running buffer and perfused through a Second fluid path. 
During each 60-second pump cycle, the pump is run for 38 
seconds and is off for the remaining 22 seconds. The pH of 
the running buffer in the Sensor chamber is recorded during 
the cycle from 43-58 Seconds, and the pump is re-started at 
60 seconds to start the next cycle. The rate of acidification 
of the running buffer during the recording time is calculated 
by the Cytosoft program. Changes in the rate of acidification 
are calculated by Subtracting the baseline value (the average 
of 4 rate measurements immediately before addition of a 
modulator candidate) from the highest rate measurement 
obtained after addition of a modulator candidate. The 
selected instrument detects 61 mV/pH unit. Modulators that 
act as agonists of the receptor result in an increase in the rate 
of extracellular acidification compared to the rate in the 
absence of agonist. This response is blocked by modulators 
which act as antagonists of the receptor. 

EXAMPLE 1.5 

mNgr3Does Not Bind hNogo-A(1055-1120) 
0434) To functionally test the mouse NgR3 (hereinafter, 
mNgr3) for its ability to bind hNogo-A(1055-1120), a 
cDNA expression vector for a myc epitope-tagged 
mNgR3protein was created. The mouse NgR3 cDNA was 
amplified by PCR from mouse adult brain cDNA, from the 
Signal Sequence to the Stop codon, and ligated into the 
pSecTag2 vector Such that the vector encodes a signal 
Sequence followed by a myc tag followed by the mature 
mNgR3 Sequence. This plasmid was transfected into 
COS07 cells, and expression of a myc-tagged protein of the 
predicted size was verified by immunoblot analysis. Alka 
line phosphatase-hNogo-A(1055-1120) binding studies and 
myc immunohistology were conducted as described 
(Fournier et al., Supra). 
0435 The cells expressing mNgR3 express the myc 
tagged protein but binding to AP-hNogo-A(1055-1120) was 
not observed under the conditions employed (FIG. 8). 

EXAMPLE 16 

Identification of Partial Human NgR3 cDNA and 
Protein Sequences 

0436 The tblastin program was used to search for the 
human homolog of mouse NgR3. The mouse NgR3 protein 
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sequence (SEQ ID NO:4) was used to query a proprietary 
human expressed sequence tag (EST) database from Incyte 
yielding one highly significant hit: Incyte Template ID 
190989. 1. This sequence (937 nucleotides) contains an open 
reading frame of 312 amino acids in the Second reverse 
frame that exhibits 88% identity with residues 66 to 381 of 
mouse NgR3 (SEQ ID NO:4), strongly indicating that it is 
part of the human NgR3 homolog. 

0437. A query of SEQID NO.4 against the public human 
EST database in Genbank also produced a hit with a 465-bp 
EST (Accession number: R35699; Version number: 
R35699.1; GI: 792600). There are a number of single 
nucleotide deletions and insertions within this sequence 
which cause frame shift errors. All of the reliable Sequence 
contained in this public EST is present in the Incyte EST 
(Template ID 190989.1). 
0438 To obtain more nucleotide sequence that would 
extend the amino acid Sequence at that carboxy terminal end, 
the I.M.A.G.E. Consortium clone No. 38319, which corre 
sponds to Genbank accession No. R35699, was purchased 
from Incyte Genomics Inc. and Subjected to further DNA 
sequence analysis. This clone consists of a Not/HinD III 
fragment containing the Sequence of interest, cloned into the 
NotI/HinD III sites of the vector Lafmid BA (http://im 
age.llnl.gov/image/html/libs/lafmidBA.shtml). The clone 
was received as an agar Stab, which was Streaked out on LB 
agar plates containing 50 ug/ml amplicillin to isolate indi 
vidual colonies. Six colonies were grown in LB medium 
with antibiotic, and plasmid DNA was prepared using the 
Promega Wizard Plus Miniprep DNA Purification System 
(Promega #A7500). These DNAS were subsequently 
digested with Not and HinD III restriction enzymes to 
confirm that the clones contained an insert. The insert of one 
isolate was sequenced using a combination of Vector Specific 
and gene Specific primers yielding a partial nucleotide 
sequence of human NgR3 of 1176 nucleotides (SEQ ID 
NO:13). A translation of this sequence provides a partial 
sequence for human NgR3 of 392 amino acids (SEQ ID 
NO:14). 
0439. The nucleotide sequence of SEQ ID NO:13 differs 
from the Incyte EST sequence at three positions. Nucleotide 
positions 12-13 in SEQ ID NO:13 are CG, whereas the 
corresponding nucleotides in the Incyte Template ID 
190989.1 are GT (i.e., positions 12-13 of the complement of 
Incyte Template ID 190989.1). In addition, position 641 in 
SEQ ID NO:13 is a C, whereas the corresponding nucleotide 
in the Incyte Template ID 190989.1 sequence is an A (i.e., 
position 641 of the complement of Incyte Template ID 
190989.1). This results in two changes in amino acids when 
comparing SEQ ID NO:14 to the ORF encoded by Incyte 
Template 190989.1: SEQ ID NO:14 contains a valine at 
position 5, whereas the ORF encoded by Incyte Template ID 
190989.1 contains a leucine; SEQ ID NO:14 contains an 
alanine at position 214, whereas the ORF encoded by Incyte 
Template ID 190989.1 contains a glutamic acid. 

0440 The nucleotide sequence of SEQ ID NO:13 differs 
from the public EST (Accession number: R35699; Version 
number: R35699.1; GI: 792600) sequence at two positions 
(within the first 200 nucleotides of reliable sequence). 
Nucleotide positions 12-13 in SEQ ID NO:13 are CG, 
whereas the corresponding nucleotides in the public EST are 
GT (i.e., positions 12-13 of the public EST; Accession no: 
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R35699; Version no: R35699. 1; GI: 792600) This leads to 
a single amino acid change when comparing SEQID NO:14 
to the ORF encoded by the public EST: SEQ ID NO:14 
contains a valine at position 5, while the ORF encoded by 
the public EST contains a leucine. 
0441. A Bestfit analysis of the partial human amino acid 
Sequence with the full-length mouse amino acid Sequence 
indicates that the human NgR3 amino acid Sequence is 
complete at the carboxy terminal end and that they share 
89.54% identity. An alignment of all the NgR proteins is 
shown in FIG. 9. Although the human NgR3 amino acid 
Sequence is missing the first 25 amino acids, it can be 
determined that the human NgR3 protein contains the fol 
lowing features in common with the other NgR Sequences: 
(1) eight Leucine Rich Repeat (LRR) domains; (2) an LRR 
carboxy-terminal (LRR-CT) domain; (3) a conserved cys 
teine in the fourth LRR domain; (4) a conserved potential 
glycosylation site in the eighth LRR domain; and (5) a 
hydrophobic carboxyl terminus. 
0442. As those skilled in the art will appreciate, numer 
ous changes and modifications may be made to the preferred 
embodiments of the invention without departing from the 
spirit of the invention. It is intended that all such variations 
fall within the scope of the invention. 
0443) The entire disclosure of each publication cited 
herein is hereby incorporated by reference. This application 
claims benefit from U.S. provisional application No. 60/238, 
361, filed Oct. 6, 2000, which is incorporated by reference 
herein in its entirety. 
0444 Key for Sequence Listing: 

0445 SEQ ID NO:1 human NgR2 cDNA sequence 
derived from genomic sequence ACO13606 

0446 SEQ ID NO:2 human NgR2 amino acid 
Sequence 

0447 SEQ ID NO:3 mouse NgR3 cDNA sequence 
derived from ACO21768 

0448 SEQ ID NO.4 a mouse NgR3 amino acid 
Sequence 

0449 SEQ ID NO:5 a human NgR1 amino acid 
Sequence 

0450 SEQ ID NO:6 a consensus amino acid sequence 
for NgRs 

0451 SEQ ID NO:7 #1055-1120 amino acid residues 
of hNogoA (Nogo-66) 

0452 SEQID NO:8 a mature human NgR2 amino acid 
Sequence 

0453 SEQID NO:9 a mature mouse NgR3 amino acid 
Sequence 

0454 SEQID NO:10 a consensus NgR LLRNTamino 
acid Sequence 

04.55 SEQ ID NO:11 a consensus NgR LRRCT 
domain amino acid Sequence 

0456 SEQ ID NO:12 a consensus NgR LRR domain 
amino acid Sequence 

0457 SEQID NO:13 a partial human NgR3 nucleotide 
Sequence 
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2O 25 30 

Met Leu Cys Thr Cys Tyr Ser Ser Pro Pro Thr Val Ser Cys Glin Ala 
35 40 45 

Asn Asn Phe Ser Ser Val Pro Leu Ser Leu Pro Pro Ser Thr Glin Arg 
5 O 55 60 

Leu Phe Leu Glin Asn. Asn Lieu. Ile Arg Thr Lieu Arg Pro Gly Thr Phe 
65 70 75 8O 

Gly Ser Asn Lieu Lleu Thir Lieu Trp Lieu Phe Ser Asn. Asn Lieu Ser Thr 
85 90 95 

Ile Tyr Pro Gly Thr Phe Arg His Leu Glin Ala Leu Glu Glu Lieu. Asp 
100 105 110 

Leu Gly Asp Asn Arg His Leu Arg Ser Lieu Glu Pro Asp Thr Phe Glin 
115 120 125 

Gly Lieu Glu Arg Lieu Glin Ser Lieu. His Leu Tyr Arg Cys Glin Leu Ser 
130 135 1 4 0 

Ser Lieu Pro Gly Asn. Ile Phe Arg Gly Lieu Val Ser Lieu Glin Tyr Lieu 
145 15 O 155 160 

Tyr Lieu Glin Glu Asn. Ser Lieu Lieu. His Leu Glin Asp Asp Leu Phe Ala 
1.65 170 175 

Asp Leu Ala Asn Lieu Ser His Leu Phe Lieu. His Gly Asn Arg Lieu Arg 
18O 185 190 

Leu Lieu. Thr Glu His Val Phe Arg Gly Lieu Gly Ser Lieu. Asp Arg Lieu 
195 200 2O5 

Leu Lieu. His Gly Asn Arg Lieu Glin Gly Wal His Arg Ala Ala Phe Arg 
210 215 220 

Gly Lieu Ser Arg Lieu. Thir Ile Leu Tyr Lieu Phe Asn. Asn. Ser Lieu Ala 
225 230 235 240 

Ser Lieu Pro Gly Glu Ala Lieu Ala Asp Leu Pro Ser Lieu Glu Phe Lieu 
245 250 255 

Arg Lieu. Asn Ala Asn Pro Trp Ala Cys Asp Cys Arg Ala Arg Pro Leu 
260 265 27 O 

Trp Ala Trp Phe Glin Arg Ala Arg Val Ser Ser Ser Asp Val Thr Cys 
275 280 285 

Ala Thr Pro Pro Glu Arg Glin Gly Arg Asp Leu Arg Ala Lieu Arg Glu 
29 O 295 3OO 

Ala Asp Phe Glin Ala Cys Pro Pro Ala Ala Pro Thr Arg Pro Gly Ser 
305 310 315 320 

Arg Ala Arg Gly Asn. Ser Ser Ser Asn His Leu Tyr Gly Wall Ala Glu 
325 330 335 

Ala Gly Ala Pro Pro Ala Asp Pro Ser Thr Lieu. Tyr Arg Asp Leu Pro 
340 345 350 

Ala Glu Asp Ser Arg Gly Arg Glin Gly Gly Asp Ala Pro Thr Glu Asp 
355 360 365 

Asp Tyr Trp Gly Gly Tyr Gly Gly Glu Asp Glin Arg Gly Glu Gln Met 
370 375 38O 

Cys Pro Gly Ala Ala Cys Glin Ala Pro Pro Asp Ser Arg Gly Pro Ala 
385 390 395 400 

Leu Ser Ala Gly Lieu Pro Ser Pro Leu Lieu. Cys Lieu Lleu Lleu Lieu Val 
405 410 415 

Pro His His Leu 
420 
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Pro Glu Gly Ile Pro Glu Asp Ser Glu Arg Ile Phe Lieu Glin Asn. Asn 
65 70 75 8O 

Arg Ile Thr Phe Leu Gln Gln Gly His Phe Ser Pro Ala Met Val Thr 
85 90 95 

Leu Trp Ile Tyr Ser Asn Asn Ile Thr Phe Ile Ala Pro Asn Thr Phe 
100 105 110 

Glu Gly Phe Val His Leu Glu Glu Lieu. Asp Leu Gly Asp Asn Arg Glin 
115 120 125 

Leu Arg Thr Lieu Ala Pro Glu Thir Phe Glin Gly Lieu Val Lys Lieu. His 
130 135 1 4 0 

Ala Leu Tyr Lieu. Tyr Lys Cys Gly Lieu Ser Ala Lieu Pro Ala Gly Ile 
145 15 O 155 160 

Phe Gly Gly Lieu. His Ser Leu Glin Tyr Lieu. Tyr Lieu Glin Asp Asn His 
1.65 170 175 

Ile Glu Tyr Lieu Glin Asp Asp Ile Phe Val Asp Leu Val Asn Lieu Ser 
18O 185 190 

His Leu Phe Lieu. His Gly Asn Lys Lieu Trp Ser Leu Gly Glin Gly Ile 
195 200 2O5 

Phe Arg Gly Lieu Val Asn Lieu. Asp Arg Lieu Lleu Lleu. His Glu Asn Glin 
210 215 220 

Leu Gln Trp Val His His Lys Ala Phe His Asp Lieu. His Arg Lieu. Thr 
225 230 235 240 

Thr Leu Phe Leu Phe Asn Asn Ser Leu Thr Glu Leu Gln Gly Asp Cys 
245 250 255 

Leu Ala Pro Leu Val Ala Leu Glu Phe Leu Arg Lieu. Asn Gly Asn Ala 
260 265 27 O 

Trp Asp Cys Gly Cys Arg Ala Arg Ser Leu Trp Glu Trp Lieu Arg Arg 
275 280 285 

Phe Arg Gly Ser Ser Ser Ala Val Pro Cys Ala Thr Pro Glu Leu Arg 
29 O 295 3OO 

Glin Gly Glin Asp Leu Lys Lieu Lieu Arg Val Glu Asp Phe Arg Asn. Cys 
305 310 315 320 

Thr Gly Pro Val Ser Pro His Glin Ile Llys Ser His Thr Leu Thir Thr 
325 330 335 

Ser Asp Arg Ala Ala Arg Lys Glu His His Pro Ser His Gly Ala Ser 
340 345 350 

Arg Asp Lys Gly His Pro His Gly. His Pro Pro Gly Ser Arg Ser Gly 
355 360 365 

Tyr Lys Lys Ala Gly Lys Asn. Cys Thr Ser His Arg Asn Arg Asn Glin 
370 375 38O 

Ile Ser Lys Val Ser Ser Gly Lys Glu Lieu. Thr Glu Lieu Glin Asp Tyr 
385 390 395 400 

Ala Pro Asp Tyr Gln His Lys Phe Ser Phe Asp Ile Met Pro Thr Ala 
405 410 415 

Arg Pro Lys Arg Lys Gly Lys Cys Ala Arg Arg Thr Pro Ile Arg Ala 
420 425 430 

Pro Ser Gly Val Glin Glin Ala Ser Ser Gly Thr Ala Leu Gly Ala Pro 
435 4 40 4 45 

Leu Lieu Ala Trp Ile Leu Gly Lieu Ala Val Thr Lieu Arg 
450 455 460 
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<210 SEQ ID NO 5 
&2 11s LENGTH 473 
&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 5 

Met Lys Arg Ala Ser Ala Gly Gly Ser Arg Lieu Lieu Ala Trp Val Lieu 
1 5 10 15 

Trp Leu Glin Ala Trp Glin Val Ala Ala Pro Cys Pro Gly Ala Cys Wal 
2O 25 30 

Cys Tyr Asn Glu Pro Lys Val Thr Thr Ser Cys Pro Gln Glin Gly Leu 
35 40 45 

Glin Ala Val Pro Val Gly Ile Pro Ala Ala Ser Glin Arg Ile Phe Leu 
5 O 55 60 

His Gly Asn Arg Ile Ser His Val Pro Ala Ala Ser Phe Arg Ala Cys 
65 70 75 8O 

Arg Asn Lieu. Thir Ile Leu Trp Lieu. His Ser Asn. Wall Leu Ala Arg Ile 
85 90 95 

Asp Ala Ala Ala Phe Thr Gly Lieu Ala Lieu Lieu Glu Gln Leu Asp Lieu 
100 105 110 

Ser Asp Asn Ala Glin Leu Arg Ser Val Asp Pro Ala Thr Phe His Gly 
115 120 125 

Leu Gly Arg Lieu. His Thr Lieu. His Lieu. Asp Arg Cys Gly Lieu Glin Glu 
130 135 1 4 0 

Leu Gly Pro Gly Lieu Phe Arg Gly Lieu Ala Ala Leu Glin Tyr Lieu. Tyr 
145 15 O 155 160 

Leu Glin Asp Asn Ala Lieu Glin Ala Lieu Pro Asp Asp Thr Phe Arg Asp 
1.65 170 175 

Leu Gly Asn Lieu. Thr His Leu Phe Lieu. His Gly Asn Arg Ile Ser Ser 
18O 185 190 

Val Pro Glu Arg Ala Phe Arg Gly Lieu. His Ser Lieu. Asp Arg Lieu Lieu 
195 200 2O5 

Lieu. His Glin Asn Arg Val Ala His Val His Pro His Ala Phe Arg Asp 
210 215 220 

Leu Gly Arg Lieu Met Thr Lieu. Tyr Lieu Phe Ala Asn. Asn Lieu Ser Ala 
225 230 235 240 

Leu Pro Thr Glu Ala Lieu Ala Pro Leu Arg Ala Leu Glin Tyr Lieu Arg 
245 250 255 

Lieu. Asn Asp Asin Pro Trp Val Cys Asp Cys Arg Ala Arg Pro Leu Trp 
260 265 27 O 

Ala Trp Leu Gln Lys Phe Arg Gly Ser Ser Ser Glu Val Pro Cys Ser 
275 280 285 

Leu Pro Glin Arg Lieu Ala Gly Arg Asp Leu Lys Arg Lieu Ala Ala Asn 
29 O 295 3OO 

Asp Leu Gln Gly Cys Ala Val Ala Thr Gly Pro Tyr His Pro Ile Trp 
305 310 315 320 

Thr Gly Arg Ala Thr Asp Glu Glu Pro Leu Gly Lieu Pro Lys Cys Cys 
325 330 335 

Glin Pro Asp Ala Ala Asp Lys Ala Ser Val Lieu Glu Pro Gly Arg Pro 
340 345 350 

Ala Ser Ala Gly Asn Ala Leu Lys Gly Arg Val Pro Pro Gly Asp Ser 
355 360 365 
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Pro Pro Gly 
370 

Gly Thr Leu 
385 

Glu Gly Ser 

Pro Gly Cys 

Glin Ala Gly 
435 

Ala Leu Pro 
450 

Val Leu Trp 
465 

Asn 

Pro 

Glu 

Ser 
420 

Ser 

Ser 

Thr 

Gly 

Gly 

Pro 
405 

Arg 

Gly 

Teu 

Wall 

<210> SEQ ID NO 6 
<211& LENGTH: 440 
&212> TYPE PRT 
<213> ORGANISM Artil 
&220s FEATURE 
&223> OTHER INFORMAT 

sequence 
<221 NAME/KEY: MOD 
<222> LOCATION: (3). 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 
<222> LOCATION: (6) 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 
<222> LOCATION: (9). 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 
<222> LOCATION: (12) 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 
<222> LOCATION: (15) 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 
<222> LOCATION: (18) 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 
<222> LOCATION: (27) 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 
<222> LOCATION: (31) 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 
<222> LOCATION: (36) 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 
<222> LOCATION: (39) 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 
<222> LOCATION: (42) 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 
<222> LOCATION: (44) 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 
<222> LOCATION: (52) 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 
<222> LOCATION: (62) 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 
<222> LOCATION: (66) 
&223> OTHER INFORMAT 
<221 NAME/KEY: MOD 

Ser Gly Pro 
375 

Ser Ala Glu 
390 

Pro Gly Phe 

Lys Asn Arg 

Gly Gly Gly 
4 40 

Thr Cys Ser 
455 

Leu Gly Pro 
470 

RES 

. (4) 
ON: Wariab 

RES 

ON: Wariab 
RES 

. (10) 
ON: Wariab 

RES 

. . (13) 
ON: Wariab 

RES 

ON: Wariab 
RES 

. . (25) 
ON: Wariab 

RES 

... (29) 
ON: Wariab 

RES 

... (34) 
ON: Wariab 

RES 

ON: Wariab 
RES 

... (40) 
ON: Wariab 

RES 

ON: Wariab 
RES 

. . (50) 
ON: Wariab 

RES 

. . (59) 
ON: Wariab 

RES 

. . (63) 
ON: Wariab 

RES 

. . (69) 
ON: Wariab 

RES 

Arg 

Pro 

Pro 

Thr 
425 

Thr 

Telu 

ificial Sequence 

His 

Pro 

Thr 
410 

Arg 

Gly 

Thr 

ON: Description of 

e amino 

e amino 

e amino 

e amino 

e amino 

e amino 

e amino 

e amino 

e amino 

e amino 

e amino 

e amino 

e amino 

e amino 

e amino 

Ile 

Teu 
395 

Ser 

Ser 

Asp 

Pro 

Artificial Sequence : Consensus 

acid 

acid 

acid 

acid 

acid 

acid 

acid 

acid 

acid 

acid 

acid 

acid 

acid 

acid 

acid 
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-continued 

Asn 

Thr 

Gly 

His 

Ser 

Teu 
460 

Asp 

Ala 

Pro 

Glu 
4 45 

Gly 

Ser 

Wall 

Arg 
430 

Gly 

Teu 

Pro 

Arg 

Arg 
415 

Telu 

Ser 

Ala 

Phe 

Pro 
400 

Arg 

Gly 

Gly 

Telu 
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<222> LOCATION: (71) . . (74) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (76) . . (80) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (83 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (87 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (90) ... (91) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (94). ... (96) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (98) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (101) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (104) . . (105) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (107) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (109) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (111) . . (112) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (114) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (116) . . (117) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (119) . . (122) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (124) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (127) . . (128) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (136) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (138) . . (141) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (143) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (146) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (148) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (151) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (154) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (162). . (170) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (175) . . (176) 
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<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (184) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (186).. (189) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (192). . (193) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (196) . . (197) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (199) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (202) ... (203) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (205) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (208) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (210) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (212) ... (213) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (215) . . (218) 
<223> OTHER INFORMATION: Wariable amino acid 
<221> NAME/KEY: MOD RES 
<222> LOCATION: (221) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (223) . . (224) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (226) ... (227) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (232) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (234) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (236) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (238) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (243) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (246) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (248) ... (251) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (253) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (257) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (259) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (261) . . (262) 
<223> OTHER INFORMATION: Wariable amino acid 
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<221 NAME/KEY: MODRES 
<222> LOCATION: (264) . . (267) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (269) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (272) ... (273) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (275) . . (277) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (279) . . (281) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (283) . . (287) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (289).. (290) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (292) ... (328) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (330) ... (341) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (344) . . (346) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (348) ... (399) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (401) ... (428) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (431) ... (439) 
<223> OTHER INFORMATION: Wariable amino acid 

<400 SEQUENCE: 6 

Cys Pro Xaa Xaa Cys Xaa Cys Tyr Xaa Xaa Pro Xaa Xaa Thr Xaa Ser 
1 5 10 15 

Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Pro Xaa Xaa Xaa Pro Xaa Xaa 
2O 25 30 

Xaa Xaa Arg Xaa Phe Leu Xaa Xaa Asn Xaa Ile Xaa Xaa Xaa Xaa Xaa 
35 40 45 

Xaa Xaa Phe Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Leu Trp Xaa Xaa Ser 
5 O 55 60 

Asn Xaa Xala Xala Xaa Ile Xaa Xala Xala Xala Phe Xaa Xaa Xala Xala Xala 
65 70 75 8O 

Leu Glu Xaa Lieu. Asp Leu Xaa Asp Asn Xala Xala Leu Arg Xaa Xala Xala 
85 90 95 

Pro Xaa Thr Phe Xaa Gly Leu Xaa Xaa Leu Xaa Leu Xaa Leu Xaa Xaa 
100 105 110 

Cys Xaa Leu Xala Xala Leu Xaa Xala Xala Xala Phe Xaa Gly Lieu Xaa Xala 
115 120 125 

Leu Glin Tyr Lieu. Tyr Lieu Glin Xaa Asn Xala Xala Xala Xala Leu Xaa Asp 
130 135 1 4 0 

Asp Xaa Phe Xaa Asp Leu Xaa Asn Lieu Xaa His Leu Phe Lieu. His Gly 
145 15 O 155 160 

Asn Xala Xala Xala Xala Xala Xala Xala Xala Xala Phe Arg Gly Lieu Xaa Xala 
1.65 170 175 

Leu Asp Arg Lieu Lleu Lieu. His Xaa Asn Xala Xala Xala Xaa Val His Xaa 
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18O 185 190 

Xaa Ala Phe Xala Xala Leu Xaa Arg Lieu Xaa Xala Leu Xaa Lieu Phe Xaa 
195 200 2O5 

Asn Xala Leu Xaa Xala Leu Xaa Xala Xala Xala Leu Ala Xala Leu Xaa Xala 
210 215 220 

Leu Xaa Xala Lieu Arg Lieu. Asn. Xaa Asn Xala Trp Xaa Cys Xaa Cys Arg 
225 230 235 240 

Ala Arg Xaa Leu Trp Xaa Trp Xaa Xala Xala Xaa Arg Xaa Ser Ser Ser 
245 250 255 

Xaa Val Xaa Cys Xaa Xaa Pro Xaa Xaa Xaa Xaa Gly Xaa Asp Leu Xaa 
260 265 27 O 

Xaa Leu Xaa Xala Xaa Asp Xaa Xala Xala Cys Xaa Xala Xala Xala Xala Pro 
275 280 285 

Xaa Xala Pro Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala 
29 O 295 3OO 

Xaa Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala 
305 310 315 320 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
325 330 335 

Xaa Xala Xala Xala Xala Pro Pro Xala Xala Xala Ser Xala Xala Xala Xala Xala 
340 345 350 

Xaa Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala 
355 360 365 

Xaa Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala 
370 375 38O 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Arg 
385 390 395 400 

Xaa Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala 
405 410 415 

Xaa Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Leu Xala Xala Xala 
420 425 430 

Xaa Xala Xala Xala Xala Xala Xala Lieu 
435 4 40 

<210 SEQ ID NO 7 
&2 11s LENGTH 66 
&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 7 

Arg Ile Tyr Lys Gly Val Ile Glin Ala Ile Glin Lys Ser Asp Glu Gly 
1 5 10 15 

His Pro Phe Arg Ala Tyr Leu Glu Ser Glu Val Ala Ile Ser Glu Glu 
2O 25 30 

Leu Val Glin Lys Tyr Ser Asn. Ser Ala Leu Gly His Val Asn. Cys Thr 
35 40 45 

Ile Lys Glu Lieu Arg Arg Lieu Phe Lieu Val Asp Asp Leu Val Asp Ser 
5 O 55 60 

Leu Lys 
65 

<210 SEQ ID NO 8 
&2 11s LENGTH 390 
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&212> TYPE PRT 
<213> ORGANISM: Homo sapeins 

<400 SEQUENCE: 8 

Cys Pro Met Leu Cys Thr Cys Tyr Ser Ser Pro Pro Thr Val Ser Cys 
1 5 10 15 

Glin Ala Asn Asn. Phe Ser Ser Wall Pro Leu Ser Leu Pro Pro Ser Thr 
2O 25 30 

Glin Arg Lieu Phe Leu Glin Asn. Asn Lieu. Ile Arg Thr Lieu Arg Pro Gly 
35 40 45 

Thr Phe Gly Ser Asn Lieu Lleu Thir Lieu Trp Lieu Phe Ser Asn. Asn Lieu 
5 O 55 60 

Ser Thr Ile Tyr Pro Gly. Thr Phe Arg His Leu Glin Ala Leu Glu Glu 
65 70 75 8O 

Leu Asp Leu Gly Asp Asn Arg His Leu Arg Ser Leu Glu Pro Asp Thr 
85 90 95 

Phe Glin Gly Lieu Glu Arg Lieu Glin Ser Lieu. His Leu Tyr Arg Cys Glin 
100 105 110 

Leu Ser Ser Lieu Pro Gly Asn. Ile Phe Arg Gly Lieu Val Ser Lieu Glin 
115 120 125 

Tyr Lieu. Tyr Lieu Glin Glu Asn. Ser Lieu Lieu. His Leu Glin Asp Asp Lieu 
130 135 1 4 0 

Phe Ala Asp Leu Ala Asn Lieu Ser His Leu Phe Lieu. His Gly Asn Arg 
145 15 O 155 160 

Leu Arg Lieu Lieu. Thr Glu His Val Phe Arg Gly Lieu Gly Ser Lieu. Asp 
1.65 170 175 

Arg Lieu Lleu Lieu. His Gly Asn Arg Lieu Glin Gly Val His Arg Ala Ala 
18O 185 190 

Phe Arg Gly Lieu Ser Arg Lieu. Thir Ile Leu Tyr Lieu Phe Asn. Asn. Ser 
195 200 2O5 

Leu Ala Ser Lieu Pro Gly Glu Ala Lieu Ala Asp Leu Pro Ser Lieu Glu 
210 215 220 

Phe Leu Arg Lieu. Asn Ala Asn Pro Trp Ala Cys Asp Cys Arg Ala Arg 
225 230 235 240 

Pro Leu Trp Ala Trp Phe Glin Arg Ala Arg Val Ser Ser Ser Asp Val 
245 250 255 

Thr Cys Ala Thr Pro Pro Glu Arg Glin Gly Arg Asp Lieu Arg Ala Lieu 
260 265 27 O 

Arg Glu Ala Asp Phe Glin Ala Cys Pro Pro Ala Ala Pro Thr Arg Pro 
275 280 285 

Gly Ser Arg Ala Arg Gly Asn. Ser Ser Ser Asn His Leu Tyr Gly Val 
29 O 295 3OO 

Ala Glu Ala Gly Ala Pro Pro Ala Asp Pro Ser Thr Lieu. Tyr Arg Asp 
305 310 315 320 

Leu Pro Ala Glu Asp Ser Arg Gly Arg Glin Gly Gly Asp Ala Pro Thr 
325 330 335 

Glu Asp Asp Tyr Trp Gly Gly Tyr Gly Gly Glu Asp Glin Arg Gly Glu 
340 345 350 

Glin Met Cys Pro Gly Ala Ala Cys Glin Ala Pro Pro Asp Ser Arg Gly 
355 360 365 

Pro Ala Lieu Ser Ala Gly Lieu Pro Ser Pro Leu Lleu. Cys Lieu Lleu Lieu 
370 375 38O 
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Leu Val Pro His His 
385 

<400 

Glu 

His 

Thr 
65 

Teu 

Phe 

Teu 

Phe 
145 

Teu 

Arg 

Phe 

Teu 

Phe 
225 

Ser 

Pro 

Arg 

Ile 

His 
305 

His 

Thr 

Pro 

Ala 

Arg 

Phe 
5 O 

Phe 

Asp 

Glin 

Ser 

Telu 
130 

Wall 

Trp 

Telu 

His 

Thr 
210 

Telu 

Telu 

Wall 

Lys 
29 O 

His 

Pro 

Ser 

Arg 

His 

Ile 
35 

Ser 

Ile 

Telu 

Gly 

Ala 
115 

Asp 

Ser 

Telu 

Asp 
195 

Glu 

Arg 

Trp 

Ala 

Glu 
275 

Ser 

Pro 

Pro 

His 

PRT 

SEQUENCE: 

Asp 

Asn 

Phe 

Pro 

Ala 

Gly 

Lel 

100 

Lel 

Lel 

Lel 

Lel 

Lel 

18O 

Lel 

Lel 

Lel 

Glu 

Thr 
260 

Asp 

His 

Ser 

Gly 

Arg 

SEQ ID NO 9 
LENGTH 
TYPE 
ORGANISM: Mus 

421 

Teu 

Ala 

Pro 

Asp 
85 

Wall 

Pro 

Glin 

Wall 

Gly 
1.65 

His 

His 

Glin 

Asn 

Trp 
245 

Pro 

Phe 

Thr 

His 

Ser 
325 

Asn 

Teu 
390 

sp. 

Wall 

Ala 

Glin 

Met 

Asn 
70 

Asn 

Ala 

Asp 

Asn 
15 O 

Glin 

Glu 

Arg 

Gly 

Gly 
230 

Teu 

Glu 

Arg 

Teu 

Gly 
310 

Arg 

Arg 

Ala 

Asn 

Wall 
55 

Thr 

Arg 

Teu 

Gly 

Asn 
135 

Teu 

Gly 

Asn 

Teu 

Asp 
215 

Asn 

Arg 

Teu 

Asn 

Thr 
295 

Ala 

Ser 

Asn 

Ile 

Asn 
40 

Thr 

Phe 

Glin 

His 

Ile 
120 

His 

Ser 

Ile 

Glin 

Thr 
200 

Ala 

Arg 

Arg 

Cys 
280 

Thr 

Ser 

Gly 

Glin 

Pro 

Pro 
25 

Arg 

Telu 

Glu 

Telu 

Ala 
105 

Phe 

Ile 

His 

Phe 

Telu 
185 

Thr 

Telu 

Trp 

Phe 

Glin 
265 

Thr 

Ser 

Arg 

Ile 

Ala 
10 

Glu 

Ile 

Trp 

Gly 

Arg 
90 

Telu 

Gly 

Glu 

Telu 

Arg 
170 

Glin 

Telu 

Ala 

Asp 

Arg 
250 

Gly 

Gly 

Asp 

Asp 

Lys 
330 

Ser 

Pro 

Gly 

Thr 

Ile 

Phe 
75 

Thr 

Phe 
155 

Gly 

Trp 

Phe 

Pro 

Cys 
235 

Gly 

Glin 

Pro 

Arg 

Lys 
315 

63 

-continued 

Met 

Ile 

Phe 

Tyr 
60 

Wall 

Lel 

Lel 

Lel 

Lel 

1 4 0 

Lel 

Lel 

Wall 

Teu 

Teu 
220 

Gly 

Ser 

Asp 

Wall 

Ala 

Gly 

Ala 

Wall 

Thr 

Pro 

Teu 
45 

Ser 

His 

Ala 

His 
125 

Glin 

His 

Wall 

His 

Phe 

Wall 

Ser 

Teu 

Ser 
285 

Ala 

His 

Gly 

Ser 

Wall 

Glu 
30 

Glin 

Asn 

Teu 

Pro 

Tys 
110 

Ser 

Asp 

Asn 

His 
190 

Asn 

Ala 

Arg 

Ser 

Tys 
27 O 

Pro 

Arg 

Pro 

Tys 

Ser 

Ser 
15 

Asp 

Glin 

Asn 

Glu 

Glu 
95 

Telu 

Asp 

Asn 

Telu 
175 

Asn 

Telu 

Ala 

Ala 
255 

Telu 

His 

Lys 

His 

Asn 
335 

Gly 

Cys 

Ser 

Gly 

Ile 

Glu 

Thr 

Gly 

Glin 

Ile 

Lys 
160 

Asp 

Ala 

Ser 

Glu 

Arg 
240 

Wall 

Telu 

Glin 

Glu 

Gly 
320 

Lys 

Jul. 3, 2003 
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340 345 350 

Glu Lieu. Thr Glu Lieu Glin Asp Tyr Ala Pro Asp Tyr Gln His Llys Phe 
355 360 365 

Ser Phe Asp Ile Met Pro Thr Ala Arg Pro Lys Arg Lys Gly Lys Cys 
370 375 38O 

Ala Arg Arg Thr Pro Ile Arg Ala Pro Ser Gly Val Glin Glin Ala Ser 
385 390 395 400 

Ser Gly Thr Ala Leu Gly Ala Pro Leu Lieu Ala Trp Ile Leu Gly Lieu 
405 410 415 

Ala Val Thir Lieu Arg 
420 

<210> SEQ ID NO 10 
&2 11s LENGTH 17 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Consensus 
sequence 

<221 NAME/KEY: MODRES 
<222> LOCATION: (3) ... (4) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (6) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (9) . . (10) 
<223> OTHER INFORMATION: Wariable amino acid 
<221> NAME/KEY: MOD RES 
<222> LOCATION: (12) . . (13) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (15) 
<223> OTHER INFORMATION: Wariable amino acid 

<400 SEQUENCE: 10 

Cys Pro Xaa Xaa Cys Xaa Cys Tyr Xaa Xaa Pro Xaa Xaa Thr Xaa Ser 
1 5 10 15 

Cys 

<210> SEQ ID NO 11 
&2 11s LENGTH 50 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Consensus 
sequence 

<221 NAME/KEY: MODRES 
<222> LOCATION: (2) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (4) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (6) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (11 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (14 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (16) . . (19) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (21) 
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<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (25) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (27) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (29).. (30) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (32). . (35) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (37) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (40) . . (41) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (43) . . ( 45) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (47) . . (49) 
<223> OTHER INFORMATION: Wariable amino acid 

<400 SEQUENCE: 11 

Asn Xala Trp Xaa Cys Xaa Cys Arg Ala Arg Xaa Leu Trp Xaa Trp Xaa 
1 5 10 15 

Xaa Xaa Xaa Arg Xaa Ser Ser Ser Xaa Val Xaa Cys Xaa Xaa Pro Xaa 
2O 25 30 

Xaa Xaa Xaa Gly Xaa Asp Leu Xaa Xaa Leu Xaa Xaa Xaa Asp Xaa Xaa 
35 40 45 

Xaa Cys 
5 O 

<210> SEQ ID NO 12 
&2 11s LENGTH 196 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: Consensus 
sequence 

<221 NAME/KEY: MODRES 
<222> LOCATION: (2) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (5) . . (6) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (8) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (10) . . (16) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (18) ... (25) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (28) ... (29) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (32). . (35) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (37) . . (40) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (42). ... (46) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
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<222> LOCATION: (49) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (53) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (56) . . (57) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (60) . . (62) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (64 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (67 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (70) . . (71) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (73 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (75) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (77) . . (78) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (80) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (82). . (83) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (85) . . (88) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (90) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (93). ... (94) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (102) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (104) . . (107) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (109) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (112) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (114) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (117) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (120) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (128) ... (136) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (141) . . (142) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (150) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (152). . (155) 
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<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (158) ... (159) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (162). . (163) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (165) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (168) ... (169) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (171) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (174) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (176) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MOD RES 
<222> LOCATION: (178) ... (179) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (181) . . (184) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (187) 
<223> OTHER INFORMATION: Wariable amino acid 
<221 NAME/KEY: MODRES 
<222> LOCATION: (189) . . (190) 
<223> OTHER INFORMATION: Wariable amino acid 
<221> NAME/KEY: MOD RES 
<222> LOCATION: (192). . (193) 
<223> OTHER INFORMATION: Wariable amino acid 

<400 SEQUENCE: 12 

Arg Xaa Phe Leu Xaa Xaa Asn Xaa Ile Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
1 5 10 15 

Phe Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Leu Trp Xaa Xaa Ser Asin Xaa 
2O 25 30 

Xaa Xala Xala Ile Xaa Xaa Xaa Xala Phe Xaa Xaa Xaa Xaa Xala Leu Glu 
35 40 45 

Xaa Lieu. Asp Leu Xaa Asp Asn. Xaa Xala Lieu Arg Xaa Xala Xala Pro Xaa 
5 O 55 60 

Thr Phe Xaa Gly Leu Xaa Xala Leu Xaa Leu Xaa Leu Xaa Xala Cys Xaa 
65 70 75 8O 

Leu Xaa Xala Leu Xaa Xala Xala Xala Phe Xaa Gly Leu Xaa Xala Leu Glin 
85 90 95 

Tyr Lieu. Tyr Lieu Glin Xaa Asn. Xaa Xala Xala Xala Leu Xaa Asp Asp Xaa 
100 105 110 

Phe Xaa Asp Leu Xaa Asn Lieu Xaa His Leu Phe Lieu. His Gly Asn. Xaa 
115 120 125 

Xaa Xala Xala Xala Xala Xala Xala Xala Phe Arg Gly Leu Xaa Xala Lieu. Asp 
130 135 1 4 0 

Arg Lieu Lleu Lieu. His Xaa Asn. Xaa Xala Xala Xaa Val His Xaa Xaa Ala 
145 15 O 155 160 

Phe Xaa Xala Leu Xaa Arg Lieu Xaa Xala Leu Xaa Lieu Phe Xaa Asn. Xaa 
1.65 170 175 

Leu Xaa Xala Leu Xaa Xala Xala Xala Leu Ala Xala Leu Xaa Xala Leu Xaa 
18O 185 190 
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Gly Gly Lieu. His Ser Lieu Glin Tyr Lieu. Tyr Lieu Glin Asp Asn His Ile 
100 105 110 

Glu Tyr Lieu Glin Asp Asp Ile Phe Val Asp Leu Val Asn Lieu Ser His 
115 120 125 

Leu Phe Lieu. His Gly Asn Lys Lieu Trp Ser Lieu Gly Pro Gly Thr Phe 
130 135 1 4 0 

Arg Gly Lieu Val Asn Lieu. Asp Arg Lieu Lleu Lieu. His Glu Asn Glin Lieu 
145 15 O 55 160 

Glin Trp Wal His His Lys Ala Phe His Asp Leu Arg Arg Lieu. Thir Thr 
1.65 170 175 

Leu Phe Lieu Phe Asn. Asn. Ser Lieu Ser Glu Lieu Glin Gly Glu Cys Lieu 
18O 185 190 

Ala Pro Leu Gly Ala Lieu Glu Phe Lieu Arg Lieu. Asn Gly Asn Pro Trp 
195 200 2O5 

Asp Cys Gly Cys Arg Ala Arg Ser Leu Trp Glu Trp Leu Glin Arg Phe 
210 215 220 

Arg Gly Ser Ser Ser Ala Val Pro Cys Val Ser Pro Gly Leu Arg His 
225 230 235 240 

Gly Glin Asp Leu Lys Lieu Lleu Arg Ala Glu Asp Phe Arg Asn. Cys Thr 
245 250 255 

Gly Pro Ala Ser Pro His Glin Ile Lys Ser His Thr Leu Thir Thr Thr 
260 265 27 O 

Asp Arg Ala Ala Arg Lys Glu His His Ser Pro His Gly Pro Thr Arg 
275 280 285 

Ser Lys Gly. His Pro His Gly Pro Arg Pro Gly His Arg Llys Pro Gly 
29 O 295 3OO 

Lys Asn. Cys Thr Asn Pro Arg Asn Arg Asn Glin Ile Ser Lys Ala Gly 
305 310 315 320 

Ala Gly Lys Glin Ala Pro Glu Lieu Pro Asp Tyr Ala Pro Asp Tyr Glin 
325 330 335 

His Lys Phe Ser Phe Asp Ile Met Pro Thr Ala Arg Pro Lys Arg Lys 
340 345 350 

Gly Lys Cys Ala Arg Arg Thr Pro Ile Arg Ala Pro Ser Gly Val Glin 
355 360 365 

Glin Ala Ser Ser Ala Ser Ser Lieu Gly Ala Ser Lieu Lleu Ala Trp Thr 
370 375 38O 

Leu Gly Lieu Ala Val Thr Lieu Arg 
385 390 

<210 SEQ ID NO 15 
&2 11s LENGTH 143899 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 
&220s FEATURE 
<221 NAME/KEY: modified base 
<222> LOCATION: (2044) . . (21.44) 
<223> OTHER INFORMATION: a, t, c, g, other or unknown 
<221 NAME/KEY: modified base 
<222> LOCATION: (6609) 
<223> OTHER INFORMATION: a, t, c, g, other or unknown 
<221 NAME/KEY: modified base 
<222> LOCATION: (6625) . . (6724) 
<223> OTHER INFORMATION: a, t, c, g, other or unknown 
<221 NAME/KEY: modified base 
<222> LOCATION: (14153) . . (14252) 
<223> OTHER INFORMATION: a, t, c, g, other or unknown 
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<221 NAME/KEY: modified base 
<222> LOCATION: (19512) ... (19611) 
<223> OTHER INFORMATION: a, t, c, g, other or unknown 
<221 NAME/KEY: modified base 
<222> LOCATION: (22595) . . (22694) 
<223> OTHER INFORMATION: a, t, c, g, other or unknown 
<221 NAME/KEY: modified base 
<222> LOCATION: (27825) . . (27.924) 
<223> OTHER INFORMATION: a, t, c, g, other or unknown 
<221 NAME/KEY: modified base 
<222> LOCATION: (34953) . . (35052) 
<223> OTHER INFORMATION: a, t, c, g, other or unknown 
<221 NAME/KEY: modified base 
<222> LOCATION 83) . . (40882) 
<223> OTHER INFORMATION: a, t, c, g, other or unknown 
<221 NAME/KEY: modified base 
<222> 00) ... (49099) 
<223> OTHER INFORMATION: a, t, c, g, other or unknown 
<221 NAME/KEY: modified base 
<222> LOCATION 84) . . (62983) 
<223> OTHER INFORMATION: a, t, c, g, other or unknown 
<221 NAME/KEY: modified base 
<222> LOCATION: (75528) . . (75627) 
<223> OTHER INFORMATION: a, t, c, g, other or unknown 
<221 NAME/KEY: modified base 
<222> LOCATION: (87944) . . (88043) 
<223> OTHER INFORMATION: a, t, c, g, other or unknown 
<221 NAME/KEY: modified base 
<222> LOCATION: (111030) . . (111129) 
<223> OTHER INFORMATION: a, t, c, g, other or unknown 

O 

: 8 2 8 

<400 SEQUENCE: 15 

aag cacatac aggtgacatt acagaactga cagittatgcc agg cact gta cittagcc cct 60 

ataccatcct caaacagotg tatgatgtag attggg tatt aacco catta ataacaaaag 120 

tacagggaac aaagtgacitt to caaagg to atgcc attca aag gagggtgaatcttaggit 18O 

tggacgcagg citgtctgact citggagtctg aggtgttaat gct gcct cot coatgggaac 240 

agcc caagtg aaaaac agct gatcc actict tcatttacitt go catctgttg citaagctggit 3OO 

ccct gagcca agctctgagc aacagaaa.ca gaagctotgc attaggagct totgagcatg 360 

tdaatgcc.gg gtaaaggagt gctggaalacc gctgg gatgg cc.gc.cgagca citaggcc gtt 420 

galaggtgggc tict gtgtgac togttcct ct acactctggc citggctgcct gcaggaagaa 480 

gatcaagctg agtgggctgg ccctggacca caaggtogaca ggtgaccitct tctacaccca 540 

tgtgaccacc atgggccaga ggcto agcca gaaggcc.ccc agcctggagg acggttcgga 600 

tgccitt catg to acco cagg atgttcgggg caccitcagaa aacct tcct g agagtgagtg 660 

totggtoaag gtgcc.ggcct togggggatag tatggtggg to citcatatt cagtgag cac 720 

tdatggttga gtatttatto goacccctct tcagtccitta caacacccoa to atgtaggit 78O 

gggg catgct cotcatttac agatgggcac atcaaagcto agctaacgct gggaagttca 840 

gatticagggit taccctgctg gattoctogg attggggagg gaggagctitc caaaatgggg 9 OO 

acaaggtotc tdggcctgtc. g g g tagctgg titt.ccitcagg gcc ccttgca accitctgagc 96.O 

ttattgcatc aggtgcagcc aggcc.cgtga gccitcctggc aggggtocto cacaccitggc 1020 

tgtc.ttittgc ccc.ctgctgg to acaggagg agctgcagoa cct gcctggg citgcttcto a 1080 

ggaggg taca togalagatc.cc agg accgc.ca gcticcatgat aagtggaagg agctocittgg 1140 

agtcaggagc gggagttgag gagtttgagt cotgctotcc agittataggc tatgttgacitt 1200 

gtgtag atca cotaaccttig citcttgattt cottacctot taaactagoa citaaaag cac 1260 

cc cacaaact gtaaagttag ttgttgatgat tdaatgacac catgggtgttg gaagctottt 1320 
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caagctacat tattotgaac agtgggaagt aggaaagaga cattttggga gatacaaaac 3660 

acaatgtcta toccatat co citaggtocag gtcacagtgt cittggttgga catcaaatgt 372 O 

agaaaaagaa agactgtcca tocatttatc tacctattoa totggitttitt gatttitttitt 378 O. 

aaattittatt ttaaga catt citcactctgt cacccagact ggagtgcagt ggitttgatca 384 O 

tggcto atgg cagcct caac citcc.caggct caagt gaccc toccatgctic aagtgatcct 39 OO 

ccitacctdag cctoccaagt agctagaact aaagg to cat gccaccacgc ticagttaatt 396 O 

tittgcatttt ttgtagagat ggggtttcgt catgatgccc atgctagtot gaattic citg 4020 

aacticaag.ca atatgcct gc ctittgcctico caaaatgcto ggattgtagg catgagccac 408 O 

tgcticcitggc ticatctgttt aataattitat gaaacaacta citgggtgct g agcacggggc 414 O 

caggggctgg agatctagoa gg gaccaggc agatctotgc caagtcgttg gtttcttaaa 4200 

ggittittgcto ataattcc cc titttctttitc. tctitt.cgttt tttittcttitt citttctittct 4260 

ttctittctitt tttitttittitt gag acagagt citcactctgt tacccaggct ggagtgcagt 4320 

ggtgcgatct cagotcactg caaccitctgc citcctgg gtt caag.cgattic toc toccitca 4.380 

gcct cocq ag tagctgggac tacaggcgcc toccaccato cocggctaat ttttgttgttt 4 440 

ttagtagaga citgggtttca ccatattggc caggctgg to ttgaacticct gaccttgttga 4500 

to cqccc.gct tcggccitc.cc acagtgctgg gattacaggc gtgagccacg gcgcc.ca.gc.c 45 60 

agttitcccitt ttcaatgagg cctocctgac citccatactic tacticcitcca cct gg.cccac 462O 

tdagctctac tttittctitcc ccatagdact caag accitcc taacatacta cqtaagttat 4680 

ttatttacta ggcttact.gt gitattgttctg. tctitcctcta citagaatgta aactocatga 474. O 

gaatagaaat ttittgc ctitt ttatttagtg togtgtctgc agc.ccctggc titagt coct g 4800 

gcatacaa.ca gtcacticcac ccacagttgc tigaataagtg actaaagg to cotg.cccitca 4860 

tattgttatg agg gagtgtg catgttgtta gagaaaaatc tagg cacaa taaaattitta 4920 

tagagtttaa gttittcttitt ttaa.gcaatc. cac gaattgg gg tagtttca gaggtag titt 4.980 

ttcagtcatg acg tatttca atggcttcac tdag cccaag ttctttcacc totctaggac 5040 

tittattitcct tatttctaga acggggataa cacatagttc ataaggcagt tatgagagta 51OO 

agggagctgg tatggggtga tdCataagga Caggatagag cagtggtgag accgctcaga 5 160 

tgacaaag.cg tdagagacca gtatttacga cqgaaatgtg gaag catgat aaagaaatta 5220 

tittgggctgg gcacaatgac to acaactaa taaaactittg g gaggccaag gtgggaggat 528 O 

cacttgacitt gcagaagg to aaggctgcag tagctdtga ttittgcc act gcacticcago 5340 

citggtoaa.ca gagtgaga.cc citggctogala acgittatttg attggttaca gttatacagt 5 400 

tgccittattt ggtotattoc atttgaaagt toctagttct ataattittaa gtttgttggc 546 O 

tgtttctgat tiggittaagct taagttttgt tittcctittaa tacagttaag td.ccccataa 552O 

tgacattttg gtcaaggaca gaccacatat acagtggtgg toccatalaga ttataatgga 558 O 

gctgaaac at toc tattgtc. tatgg.cgtag togtoctdat gttgtag cqc aatgcattag 5640 

ttatatgttt gtggcaatgc tiggtotaaac acaccitactg. cactgccagt gatataaaag 5700 

aatagdacat acagttatat atagtacata atatotgata atgataatac ataactatat 576 O. 

tactggittta tatatttact atattattta totttattitt atttittgaga cagagtctoa 582O 

ttctgtcacc caggctggag togcagtgg.cg cqatcttggc ticaccgcaac citcc.gct tcc 588 O 
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gtttcaccat gttgcc.cagg citgatctaga accoctagoc toaagtgatc cccctttctt O5 OO 

ggccitccitaa agtgctagga ttacaggcgt gagccitctgc acct ggcctic ggctaattitt O560 

ttatttitttg tagaga cagg ttcto act at gttgc.caggg citggtottga acticcitgggc O 620 

tdaagtgatc titc.ccaccitc agc citcc.caa agtgctgaga ttacagatgt gag coactgt O 680 

gcctggcc to gaactcatta ttgaag catt cactagt atc aactittgggg ttacctggcc Of 40 

acatcc totg accitacct at aagggitatica cagctaacgg agc citctgtt totcagaatt O8OO 

tagg cagaag cagttcaatt tat cacaaac tactictatat coag cataag tocccaaata O 860 

aaacaattgc taaagttctt taggcattta citgtttgtta gttagatatt tagtoctoac O920 

tacaaatctg tdatacaggt attatttitta tta acco cat tittatagaag agaaacctga O98O 

agcticagaga tigctaagtaa cittgttgcaag gtcacacago tagtaaataa agggcagagt O4. O 

aaagatttag titt cacattg gacitccagaa cctttctact ggg acto at g g gaatagtgt 100 

ggatgtc.cct gaccttcagt gg.cccagggc tictoctogggg gaatccagoc ataga caaga 160 

caccagcgag agcc.caatcc taagattittg tttgtttgtt tittgagacaa gotct cactic 220 

tgtcaccaga citggagtgca gtggcatgat caatgct cac togcaaccittg atctoccagg 280 

citcaa.gcaat cotcccacct cagoctocto agtag cittgg act acaggtg cacaccacca 34 O 

caccitgacta attittaaaat tittatttaat taattacitta citattattitt ttgag acagg 400 

gtat cactitt gtcacccaag citggactgca atggtgtggit citcagotcat td.cgtc.citcc 460 

acct cocagg ttcaagtgat cotcc cacct cagccitctgg agttgcaggg actgcaggtg 52O 

tg.cgc.cacta tacticagota atgtttittat tttttgtata gatggggtot cactatgttg 58O 

ccagggctag totcaaactc ttggacticaa gogatcc toc totcittggcc toccaaagtg 640 

cc.gggattac agg cataaac caccacaccc aaccoctaag gtgtttittgc tigaatgtgac FOO 

Catgtcagag gCaggaaagg galagcatcat ggggttagga aaggaac act gag Cagg gag 760 

acaaagaaaa toggat catt ttgtgagtgt togctgtgtg totatgtgttg acaattcto a 820 

gagccago ct citcaggtogt tdagaccaca gtc.cc cattt cocagatgag ataatggagc 88O 

citcagagagt ttctgcagoa cagotagtgg aattagaatt toga accoggc tictitccagac 940 

to caggtogct tcacaaccat cocaaaccta gtcatttgca gtttacctitc atgattittac 2OOO 

catttcccitt toccatagot agtgttattt acttaataat tccttittgaatcagtctgct 2060 

taaaaaaaaa tagctt catt citaaagtgta atattottgg aatat cqggit ttgctgttac 2120 

ccaccoccac acgittataca tatacatgita tatttctaat acatatatat gitacgtatat 218O 

acgtgitatcg tttitttgtta tttittitttgttgttgttagt tttittittaga tiggagtctot 2240 

citctgtagcc caggctggag to cagtggtg tdattitcggc ticactggaac citctgccitcc 2300 

tgggttcaag cqattcto cit gccitcago: ct citggagtagc tigggattaca ggcacccacc 2360 

actacacccg gctaatgttt gtatttittag tagagacagg gtttcaccat gttggcc agg 2420 

tgggtottga acticct gatc. tcaagtgatc. cacct gctitt goctt.cccaa agtgctggga 24.80 

ttataggtgc gagctact gc ggctdgccaa totatgttitt taatacacat toaaataacg. 2540 

aataactatg aaacctgaaa aactgctoca tattactitcc tdaacco atc titgagtgctc 2600 

acatgctgtg cataccacat attgggaaac actgcttitcc citggctt.cca agcc.ca.gctt 2660 

aatcactgtc. ccatcc tatg citt.cgctitta tttgtctata aatgttgggg ttgggggttg 2720 
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toctitc.ccca cittgagctitt cagatgacgg cagcc citggc tigatgctittg caggcttgttg 21900 

agaga.ccctg agacagaa.ca citcagctaag citatacccta totcc toaga tagagtataa 21960 

tacatgtagt tittaagctac tatgttittgg gataatttgt tacticagoaa tagataacca 22020 

atacatatac catgtacata actgtttcag ttgttctgaga citatatttag tdattittaca 22080 

cctacatcaa gaatgtgtca ggcaccattc caggtacttg gaata catca attalacagaa 22140 

taggtaaaga ggc.caggcat agggctoaca totataatcc cago actitt g g gaggcc cag 22200 

gtgg gaggac togcttgagcc caggagttga gaccagocto ggtaaaatag tdaga cact g 22260 

totcaactaa aaaaaaaaaa aattagttgg gcacagtggc acatgcctgt ggtgc.ca.gct 22320 

gctcaggagg citgaggtogg aagat.cgctt gagcc cagga gtttgaagct coagtgagcc 22380 

acgg to acaa aactgcactc tagcctgagc aacagaaaaa gaccotgtct caattaaaaa 22440 

aaaaaaaaaa aaaaggaaag aaagaaaaaa ataggtaaag atccittgatt cittgcc.citct 22500 

tggaacttct attctagagg gggatggttt ttcacagtag aagtctgtgttgacagogct 22560 

gtttaaagct cottcago at citggggaaaa gqttnnnnnn nnnnnnnnnn nnnnnnnnnn. 22620 

nnnnn.nnnnn nnnn.nnnnnn nnnnnnnnnn nnnnnn.nnnn nnnn.nnnnnn nnnn.nnnnnn. 22680 

nnnnnnnnnn nnnnatttitt tagagatagg gttcttgctat gttgcccacc aggctggtot 22740 

tgaacticcitg ggctdaag ca atcct cotgc citcagoctoc tagtagct g g gaatacagg 22800 

tgttgcaccac catgcctggc titatttcata tatatatatt tittatatata totatattta 22860 

tatatataaa tatatatata atttctgtat ataaataaat aaatatatat atatatatat 22920 

ttittagagat agggtottgc tatgttgacc accaggtott galacticcitgg gctcaagtga 22980 

to citcc tacc totgcctttcaaagtgttgg gattacaggc gtgagcc at g g caccitaact 23040 

gagittattitt taccacacga agcataggac atacatccaa aaatgttctg agctgagcaa 23100 

gag cct ggag gCaagtgaat citgaacttitc cc.gtotttga agaalaccagt citctotccala 23160 

agtcacatag ttagtgtcac toccc.ccaag aactgcatga gctgggacaa totagagggca 23220 

gtggaagg to toggggctcag g g g c gcc.ccc toc totcitcc ccagggtotg tocccittacg 23280 

caagagccitc togctcc.ccca cittitcctgtg gagccitcc to accatgggca to acccagot 23340 

gcqgatcatc ttctacatgg citgctgttgaa caagatgctd gagtaccttg tdactggtogg 23 400 

ccaggagcat ggtgaggcac cqctgaggcc cct gggggitt gogggg cacag goggg to acc 23 460 

citggctgagc ticc cct cacc atacgtttcc ctacccacag agacaaatga acagdaacaa 23520 

aaggtggcag agacaggtag ggctatoa aa goaggg.ccct ggcto acgcc caccc.cact g 23580 

caa.ccc.gctt citcagggggc ggg actocto taggcctggg cccacccagg talacc cittitt 23640 

gtgg gatgta agagtctggg titcagaggaa gqctattittg gtgct citctg gccitcc.gct g 23700 

gaaggggtga tagtgtccac toagtgccag titcct gacco cactg.ccctt cocatcc toc 23760 

ccagttgggit totacticcitc cqtctitcggg gccatgcago tattgttgcct tctdaccitgc 23820 

cc ccto attg gctacatcat ggactggcgg atcaagg act gcgtggacgc cccaacticag 23880 

ggcactgtcc toggagatgc caggtgacct gcc totacag ggatggtgac agcaagtggt 23940 

cagg cagtgc titttcattitt citctgtg.cgt ttacatccag cagottgttg citttctocca 24000 

agaaccotag gagatcaggg gtacctoccc attittacaga tigaggaaact gaggctagga 24060 

agg gacctgg cittgcttaat aataagaata gctaatgcag agtgctgact gtgcacttgg 24 120 






























































































































































































































































































































