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(57) ABSTRACT 

The invention relates generally to genes that encode proteins 
that inhibit aXonal growth. The invention relates speci?cally 
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. Speci?cally, 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 identi?ed, characteriZed, 
and sometimes classi?ed into major receptor superfamilies 
based on structural motifs and signal transduction features. 
The receptors are a ?rst essential link for translating an 
extracellular signal into a cellular physiological response. 

[0003] 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 ?elds. 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) US. 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) US. 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 puri?ed 
protein in vitro and monoclonal antibodies that neutraliZe 
the protein’s activity (SchWab (1990) Exp. Neurol. 109, 2-5). 
The Nogo cDNA Was ?rst identi?ed through random analy 
sis of brain cDNA and had no suggested function (Nagase et 
al., (1998) DNA Res. 5, 355-364). The identi?cation of this 
Nogo cDNA as the cDNA encoding the 250 kDa myelin 
associated axon groWth inhibitor Was discovered only 
recently (GrandPre et 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 RS. myelin 
(GrandPre 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) US. 
Pat. No. 5,250,414); SchWab et al., (2000) US. 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) US. 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 identi?ed and com 
pared to domains in mouse and human NgR1 polypeptides. 
This comparison has led to identi?cation 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. 

[0011] The invention provides a polypeptide that contains 
a polypeptide containing a tryptophan rich LRRCT domain 
consisting of the amino acid sequence: 
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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 SEQ ID NO: 17 (mouse NgR1). For 
example, X6, X37 and X38 may represent a gap. Speci?c 
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 ?rst 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. 
Apolypeptide 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 X18 X19 X20 D L X21 X22 L X23 X24 X25 D 

X26 X27 X28 C 

[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: 

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] 

X17 X18 X19 P X20 X21 X22 X23 R X24 F L X25 X26 N X27 I X28 X29 X30 X31 X32 X33 

X79 X80 X81 F X82 GL X83 X84 L Q Y L Y L Q X85N X86 X87 X88 X89 L X90 D 

X91 X92 F X93 D L X94 N L X95 H L F L H G N X96 X97 X98 X99 X100 X101 X102 

X103 X104 F R G L X105 X106 L D R L L L H X107 N X108 X109 X110 X111 V H X112 

X113 A F X114] X115 L X116 R L X117 X118 L X119 L F X12D N X121 L X122 X123 L 

X124] X125 X126 X127 L X128 X129 L X130 X131 L X132 X133 L R L N X134 N X135 W 

X136 C X137 C R X138 R X139 L W X140 W X1411 X1412 X143 X144 R X145 5 s s X1416 

V X1417 C X148 X149 P X150 X151 X152 X153 X154 X155 D L X156 XI157 L X158 X159 X160 

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. 

[0017] 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. 

[0018] 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 de?ned, all technical and scien 
ti?c 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 con?ict, the present applica 
tion, including de?nitions, 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, ?xed, 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 LLR CT 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 puri?ed 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. Speci?c 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 identi?ed 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, NY. (1989); 
Kaufman et al., Eds., HANDBOOK OF MOLECULAR 
AND CELLULAR METHODS IN BIOLOGYAND 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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[0033] As used herein, the term “neurite” refers to a 
process growing out of a neuron. As it is sometimes dif?cult 
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. 

[0035] “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 de?ned by 
a contiguous portion of the amino acid sequence of that 
protein. The term “domain” is herein de?ned 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. 

[0036] As used herein, the term “activity” refers to a 
variety of measurable indicia suggesting or revealing bind 
ing, either direct or 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. 

[0038] 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 
identi?able 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 ?ask, 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 speci?ed 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 puri?ed nucleic 
acid molecules, and synthetic DNA or RNA molecules. 
Preferably, an “isolated” nucleic acid is free of sequences 
Which naturally ?ank 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 ?ank 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. 

[0045] 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 suf?cient portion of their GPI 
anchor signal to anchor the polypeptide or are modi?ed 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 
?rst 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 SEQ ID NO:4. 

[0048] 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 
disul?de 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 FcyIII (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 speci?c endopeptidases in combination With 
exopeptidases, Edman degradation, or both. The intact NgR 
molecule, in turn, may be puri?ed 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. Speci?c DNA sequences coding for the desired peptide 
also can be derived from the full-length DNA sequence by 
isolation of speci?c restriction endonuclease fragments or by 
PCR synthesis of the speci?ed 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: ALABO 
RATORY MANUAL 2nd Ed., Cold Spring Harbor Labora 
tory Press, Cold Spring Harbor, NY, 1989; and Ausubel, et 
al., eds., CURRENT PROTOCOLS IN MOLECULAR 
BIOLOGY, John Wiley & Sons, NeW York, NY, 1993). 

[0052] A nucleic acid of the invention can be ampli?ed 
using cDNA, mRNA or alternatively, genomic DNA, as a 
template and appropriate oligonucleotide primers according 
to standard PCR ampli?cation techniques. The nucleic acid 
so ampli?ed 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 
?es” 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 suf?cient 
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, 
con?rm 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. 

[0055] 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 speci?c and much sloWer to 
hybridiZe than oligomers. They may be single- or double 
stranded and carefully designed to have speci?city in PCR, 
hybridiZation membrane-based, or ELISA-like technolo 
g1es. 

[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 ef?cacy against abnormal conditions can be 
identi?ed 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 ?brotic and mesangial 
disorders, abnormal angiogenesis and vasculogenesis, 
Wound healing, psoriasis, diabetes mellitus and in?amma 
tion. 

[0061] Abnormal differentiation conditions include, for 
example, neurodegenerative disorders, sloW Wound healing 
rates and sloW tissue grafting healing rates. 

[0062] Abnormal cell signaling conditions include, for 
example, psychiatric disorders involving excess neurotrans 
mitter activity. 

[0063] 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 “ampli?cation” it is meant increased numbers 
of DNA or RNA in a cell compared With normal cells. 
“Ampli?cation” 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 ampli? 
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 
modi?ed forms of a Wild-type gene sequence, the modi? 
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 RNApolynucle 



US 2003/0124704 A1 

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. Apreferred 
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. 

[0072] 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. 

[0074] 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 identi?cation 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 identi?ed 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 identi?cation 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 

Jul. 3, 2003 

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., “speci?cally”) 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 identi?ed 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, ?uorescent 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, NY. 
(1989), 6.3. 1?6.3.6. 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 0.2>< 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: 420 C. 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 
0.1>< 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 
speci?cation, “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. 

[0081] 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 
puri?cation of the recombinant protein by acting as a ligand 
in affinity puri?cation. 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 puri?cation 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] 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). 

Jul. 3, 2003 

[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) NucleicAcia's 
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 (Kurj an and HerskoWitZ 
(1982) Cell 30, 933-943), pJRY88 (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., SE9 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. 2nd Ed., Cold Spring 
Harbor Laboratory, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY, 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-speci?c regulatory elements are used to express the 
nucleic acid). Tissue-speci?c regulatory elements are knoWn 
in the art. Non-limiting examples of suitable tissue-speci?c 
promoters include the albumin promoter (liver-speci?c; 
Pinkert et al. (1987) Genes Dev. 1, 268-277), lymphoid 
speci?c 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 
speci?c promoters (e.g., the neuro?lament promoter; Byrne 
and Ruddle (1989) Proc. Natl. Acad. Sci. USA 86, 5473 
5477), pancreas-speci?c promoters (Edlund et al. (1985) 
Science 230, 912-916), and mammary gland-speci?c pro 
moters (e.g., milk Whey promoter; US. 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 ot-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 
speci?c or cell-type-speci?c expression of antisense RNA. 
The antisense expression vector can be in the form of a 
recombinant plasmid, phagemid or attenuated virus in Which 
antisense nucleic acids are produced under the control of a 
high ef?ciency 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), pQETM 
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. 
Ampli?cation 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-speci?c 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, NY. (1973), Which is incorporated 
herein by reference in its entirety; LAMBDA II, Hendrix, R. 
W. (Ed.), Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY. (1980), Which is incorporated herein by refer 
ence in its entirety); the trp, recA, heat shock, and lacZ 
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 immunode?ciency 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, 
US. 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, ?lling 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. 231935, 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. 

[0098] Host cells of the invention are a valuable source of 
immunogen for development of antibodies speci?cally 
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 puri?cation methods knoWn in the art, 
e.g., conventional chromatographic methods including 
immunoaffinity chromatography, receptor af?nity chroma 
tography, hydrophobic interaction chromatography, lectin 
af?nity chromatography, siZe exclusion ?ltration, cation or 
anion exchange chromatography, high pressure liquid chro 
matography (HPLC), reverse phase HPLC, and the like. Still 
other methods of puri?cation include those methods Wherein 
the desired protein is expressed and puri?ed as a fusion 
protein having a speci?c tag, label or chelating moiety that 
is recogniZed by a speci?c binding partner or agent. The 
puri?ed 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 
modi?cation of cells to permit, or increase, expression of 
endogenous NgR. Cells can be modi?ed (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. WO 94/12650, 
PCT International Publication No. WO 92/20808, and PCT 
International Publication No. WO 91/09955 It is also 
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contemplated that, in addition to heterologous promoter 
DNA, ampli?able 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, ampli?cation of the marker DNA by standard 
selection methods results in co-ampli?cation 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 
cus. 

[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 ?broblasts. 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 R 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, O’Rielly et al. (Eds.), W.H. Freeman and Com 
pany, NeW York, 1992; and US. 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, NY, 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 identi?ed 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 CH0 cell to express 
the recombinant NgR protein or polypeptide, it is necessary 
to construct the expression vector. 

[0110] The vectors for CH0 expression include, but are 
not limited to, pA1-11, pXT1, pRc/CMV, pRc/RSV and 
pcDNAINeo. The promoter is not speci?cally limited pro 
vided it effectively promotes expression in CHO cells. 
Examples of suitable promoters are: SRot, SV40, LTR, 
CMV, and HSV-TK. Of these, CMV and Srot 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 
ampli?cation 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 disul?de 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 
speci?c ratio, to generate a particular redox potential alloW 
ing for disul?de shuf?ing 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. Atransgene 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-speci?c 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 US. 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, NY. Similar 
methods are used for production of other transgenic animals. 
A transgenic founder animal can be identi?ed 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. 
[0124] 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). 

[0125] 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 ?anked 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 ?anking NgR 
nucleic acid is of sufficient length for successful homolo 
gous recombination With the endogenous gene. Typically, 
several kilobases of ?anking 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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[0126] 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 91/01140; 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 3851810 
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 G0 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 those that speci?cally recogniZe and hybridiZe to 
NgR RNA (as determined by sequence comparison of DNA 
encoding NgR to DNA encoding other knoWn molecules). 
Identi?cation 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 
ti?cation of the desired sequences, isolation through restric 
tion digestion or ampli?cation 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 speci?c 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. 

[0132] 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 ?ank the coding 
region that are not translated into amino acids (i.e., also 
referred to as 5‘ and 3‘ untranslated regions). 

[0133] 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 modi?ed 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. 

[0134] Examples of modi?ed nucleotides that can be used 
to generate the antisense nucleic acid include: 5 -?uorouracil, 




































































































































































































































































































































































































































































