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(57) ABSTRACT 

Novel Lor-2 polypeptides, proteins, and nucleic acid mol 
ecules are disclosed. In addition to isolated, full-length 
Lor-2 proteins, the invention further provides isolated Lor-2 
fusion proteins, antigenic peptides and anti-Lor-2 antibod 
ies. The invention also provides Lor-2 nucleic acid mol 
ecules, recombinant expression vectors containing a nucleic 
acid molecule of the invention, host cells into Which the 
expression vectors have been introduced and non-human 
transgenic animals in Which a Lor-2 gene has been intro 
duced or disrupted. Diagnostic, screening and therapeutic 
methods utilizing compositions of the invention are also 
provided. 
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FIG. 1A 
CG'I‘CCGCCAC GCGTCCGGAC TAGTTCTAGA TCGCGAGCGG CCGCCCTTTT 

TTTTTTTTTT TTGGAAGTCC TAGGACTGAT CTCCAGGACC AGCACTCTTC 

TCCCAGCCCT TAGGGTCCTG CTCGGCCAAG GCCTTCCCTG CC ATG CGA 

CCT GTC AGT GTC TGG CAG TGG AGC CCC TGG GGG CTG CTG CTG 

TGC CTG CTG TGC AGT TCG TGC TTG GGG TCT CCG TCC CCT TCC 

ACG GGC CCT GAG AAG AAG GCC GGG AGC CAG GGG CTT CGG TTC 

CGG CTG GCT GGC TTC CCC AGG AAG CCC TAC GAG GGC CGC GTG 

GAG ATA CAG CGA GCT GGT GAA TGG GGC ACC ATC TGC GAT GAT 

GAC TTC ACG CTG CAG GCT GCC CAC ATC CTC TGC CGG GAG CTG 

GGC TTC ACA GAG GCC ACA GGC TGG ACC CAC AGT GCC AAA TAT 

GGC CCT GGA ACA GGC CGC ATC TGG CTG GAC AAC TTG AGC TGC 

AGT GGG ACC GAG CAG AGT GTG ACT GAA TGT GCC TCC CGG GGC 

TGG GGG AAC AGT GAC TGT ACG CAC GAT GAG GAT GCT GGG GTC 

ATC TGC AAA GAC CAG CGC CTC CCT GGC TTC TCG GAC TCC AAT 

GTC ATT GAG GTA GAG CAT CAC CTG CAA GTG GAG GAG GTG CGA 

ATT CGA CCC GCC GTT GGG TGG GGC AGA CGA CCC CTG CCC GTG 

ACG GAG GGG C'I'G GTG GAA GTC AGG CTT CCT GAC GGC TGG TCG 

CAA GTG TGC GAC AAA GGC TGG AGC GCC CAC AAC AGC CAC GTG 

GTC TGC GGG ATG CTG GGC TTC CCC AGC GAA AAG AGG GTC AAC 

GCG GCC TTC TAC AGG CTG CTA GCC CAA CGG CAG CAA CAC TCC 

TTT GGT CTG CAT GGG GTG GCG TGC GTG GGC ACG GAG GCC CAC 

CTC TCC CTC TGT TCC CTG GAG TTC TAT CGT GCC AAT GAC ACC 

GCC AGG TGC CCT GGG GGG GGC CCT GCA GTG GTG AGC TGT GTG 

CCA GGC CCT GTC TAC GCG GCA TCC AGT GGC CAG AAG AAG CAA 

CAA CAG TCG AAG CCT CAG GGG GAG GCC CGT GTC CGT CTA AAG 

GGC GGC GCC CAC CCT GGA GAG GGC CGG GTA GAA GTC CTG AAG 

GCC AGC ACA TGG GGC ACA GTC TGT GAC CGC AAG TGG GAC CTG 

CAT GCA GCC AGC GTG GTG TGT CGG GAG CTG GGC TTC GGG AGT 

GCT CGA GAA GCT C'I'G AGT GGC GCT CGC ATG GGG CAG GGC ATG 

GGT GCT ATC CAC CTG AGT GAA GTT CGC TGC TCT GGA CAG GAG 

CTC TCC CTC TGG AAG TGC CCC CAC AAG AAC ATC ACA GCT GAG 

GAT TGT TCA CAT AGC CAG GAT GCC GGG GTC CGG TGC AAC CTA 

CCT TAC ACT GGG GCA GAG ACC AGG ATC CGA CTC AGT GGG GGC 

CGC AGC CAA CAT GAG GGG CGA GTC GAG GTG CAA ATA GGG GGA 
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FIG. 1B 
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FIG. 2B 
ATA ACA GAG GTG GTG ATG AGT GGA GTG CGC TGC ACA GGG ACT GAG 

CTG TCC CTG GAT CAG TGT GCC CAT CAT GGC ACC CAC ATC ACC TGC 

AAG AGG ACA GGG ACC CGC TTC ACT GCT GGA GTC ATC TGT TCT GAG 

ACT GCA TCA GAT CTG TTG CTG CAC TCA GCA CTG GTG CAG GAG ACC 

GCC TAC ATC GAA GAC CGG CCC CTG CAT ATG TTG TAC TGT GCT GCG 

GAA GAG AAC TGC CTG GCC AGC TCA GCC CGC TCA GCC AAC TGG CCC 

TAT GGT CAC CGG CGT CTG CTC CGA TTC TCC TCC CAG ATC CAC AAC 

CTG GGA CGA GCT GAC TTC AGG CCC AAG GCT GGG CGC CAC TCC TGG 

GTG TGG CAC GAG TGC CAT GGG CAT TAC CAC AGC ATG GAC ATC TTC 

ACT CAC TAT GAT ATC CTC ACC CCA AAT GGC ACC AAG GTG GCT GAG 

GGC CAC AAA GCT AGT TTC TGT CTC GAA GAC ACT GAG TGT CAG GAG 

GAT GTC TCC AAG CGG TAT GAG TGT GCC AAC TTT GGA GAG CAA GGC 

ATC ACT GTG GGT TGC TGG GAT CTC TAC CGG CAT GAC ATT GAC TGT 

CAG TGG ATT GAC ATC ACG GAT GTG AAG CCA GGA AAC TAC ATT CTC 

CAG GTT GTC ATC AAC CCA AAC TTT GAA GTA GCA GAG AGT GAC TTT 

ACC AAC AAT GCA ATG AAA TGT AAC TGC AAA TAT GAT GGA CAT AGA 

ATC TGG GTG CAC AAC TGC CAC ATT GGT GAT GCC TTC AGT GAA GAG 

GCC AAC AGG AGG TTT GAA CGC TAC CCT GGC CAG ACC AGC AAC CAG 

ATT ATC TAA 
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METHODS OF USE OF A NOVEL LYSYL 
OXIDASE-RELATED PROTEIN 

RELATED APPLICATIONS 

[0001] The present application is a continuation-in-part 
application of prior-?led US. patent application Ser. No. 
09/276,400 entitled “Novel MSP-18 Protein and Nucleic 
Acid Molecules and Uses Therefor”, ?led Mar. 25, 1999, 
Which claims the bene?t of prior-?led US. Provisional 
Patent Application Ser. No. 60/117,580 entitled “Novel 
MSP-18 Protein and Nucleic Acid Molecules and Uses 
Therefor”, ?led Jan. 27, 1999. The content of the above 
referenced patent applications is incorporated herein by this 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] Lysyl oxidase (“LOX”) is an extracellular copper 
enZyme that initiates the crosslinking of collagens and 
elastin by catalyzing oxidative deamination of the e-amino 
group in certain lysine and hydroxylysine residues of col 
lagens and lysine residues of elastin (Smith-Mungo and 
Kagan (1998) Matrix Biol. 16:387-398 and Kaman in Biol 
ogy of Extracellular Matrix, ed. Mecham (1986) Academic 
Press pp. 321-389). Lysyl oxidase has been shoWn to be 
important in a variety of cellular and physiologic processes 
including biogenesis of connective tissue matrices and bone 
resorption. A de?ciency in lysyl oxidase activity is found in 
tWo X-linked, recessively inherited connective tissue disor 
ders, the type IX variant of the Ehlers-Danlos syndrome and 
the Menkes syndrome, and in the X-linked, recessively 
inherited mottled series of allelic mutant mice (all charac 
teriZed by abnormalities in copper metabolism). (Byers et al. 
(1980) New Engl. J. Med. 303:61-65; Royce et al. (1980) 
Biochemistry J. 192:579-586; Kuivaniemi et al. (1982) J. 
Clin. Invest. 69:730-733; Kuivaniemi et al. (1985) Amer J. 
Human. Genet. 37:798-808; Peltonen et al. (1983) Biochem 
istry 22:6156-6163; RoWe et al. (1977) J. Biol. Chem. 
252:939-942; Starcher etal. (1977) Biochem. Biophys. Res. 
Commun. 78:706-712; Danks in The Metabolic Basis of 
Inherited Disease”, eds. Stanbury et al. ( 1983), McGraW 
Hill pp. 1251-1268). Increased lysyl oxidase activity has 
been associated With ?brotic disorders such as atheroscle 
rosis, hypertension, and liver and pulmonary ?brosis. 
(Kagan, supra). 
[0003] More recently there have been identi?ed proteins 
having structural and/or functional similarities to lysyl oxi 
dase. For example, a lysyl oxidase-like protein, referred to 
herein as “LOL”, Was identi?ed from a human skin ?bro 
blast cDNA library that contains extensive homology to 
several coding domains Within the human lysyl oxidase 
mRNA Which is believed to be involved in collagen matu 
ration. (Kenyon et al. (1993) J. Biol. Chem. 268:18435 
18437 and Kim etal. (1995) J. Biol. Chem. 270:7176-7182). 

Recent cloning and analysis of the mouse LOL gene et al. (1999) J. CellBiochem. 72:181-188) demonstrated that 

steady state levels of LOL mRNA and type III procollagen 
mRNA increased coincidentally early in the development of 
liver ?brosis. In contrast, steady state levels of lysyl oxidase 
mRNA increased throughout the onset of hepatic ?brosis 
and appeared in parallel With the increased steady state 
levels of pro-alpha (I) collagen mRNA, suggesting that the 
LOL protein is involved in the development of lysine 
derived cross-links in collagenous substrates. Moreover, the 
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substrate speci?city of the LOL protein may be different to 
that of lysyl oxidase and this difference may be collagen 
type speci?c. 

[0004] Likewise, a protein referred to herein as lysyl 
oxidase related protein (“Lor”) has been identi?ed Which 
inhibits many of the structural features of lysyl oxidase and 
is overexpressed in senescent ?broblasts and is believed to 
play a role in age-associated changes in extracellular pro 
teins. (Saito et al. (1997) J. Biol. Chem. 272:8157-8160). 
Lor contains four domains referred to herein as scavenger 

receptor cysteine-rich domains (“SRCR domains”) Which 
are believed to be involved in binding to other cell surface 
proteins or extracellular molecules. The SRCR domain joins 
a long list of other Widely distributed cysteine-containing 
domains found in extracellular portions of membrane pro 
teins and in secreted proteins (Doolittle (1985) Trends 
Biochem. Sci. 10:233-237; Krieger in Molecular Structures 
of Receptors, eds. RossoW et al. (1986) Horwood, Chiches 
ter, U. K. pp. 210-231). Examples include the EGF-like 
domain, immunoglobulin superfamily domains, the LDL 
receptor/complement. C9 domain, clotting factor Kringle 
domains, and ?bronectin domains. These disul?de cross 
linked domains appear to provide stable core structures that 
(i) are able to Withstand the rigors of the extracellular 
environment; (ii) are Well suited for a variety of biochemical 
tasks, often involving binding; and (iii) are readily juxta 
posed to other types of domains to permit the construction 
of complex mosaic proteins. (Doolittle supra; Sudhof et al. 
(1985) Science 228:815-822). Lastly, a mouse cDNA encod 
ing a putative protein having sequence homology to lysyl 
oxidase has recently been identi?ed having the Accession 
No. AF053368, referred to herein as “Lor-2”. 

[0005] Lysyl oxidases (“LOXs”) have been immunolocal 
iZed to the extracellular matrix regions of stroma surround 
ing early breast cancers (Decitre et al. (1998) Lab Invest. 
78:143-151), With decreased expression observed in the 
stroma surrounding invasive breast cancers (Peyrol et al 
(1997) Am. J. Pathol. 150:497-507). A progressive loss of 
LOX expression has also been observed during prostrate 
cancer progression in mice (Ren et al. (1998) Cancer Res. 
58:1285-1290). These observations suggest that lysyl oxi 
dases may function as tumor suppressors. 

[0006] It has further been shoWn that human Lor is highly 
expressed in all adherent tumor cell lines examined, but not 
in cell lines that groW in suspension (Saito et al., supra), 
suggesting that LOXs can increase the adhesion properties 
of tumor cells. Lor expression Was demonstrated to be 
concomitant With upregulation of type I procollagen. As 
adhesion properties contribute to the ability of tumor cells to 
coloniZe neW sites, a tumor-promoting role for LOXs is also 
probable. 

[0007] A greater understanding of the role Which lysyl 
oxidase-like as Well as SCRC domain containing proteins 
play in various disorders Would lead to the determination of 
highly speci?c drug targets Which Would Work to treat these 
disorders, e.g., cardiovascular disorders, a disorder arising 
from altered lysyl oxidase-like activity or a disorder arising 
from improperly regulated SRCR-domain containing pro 
tein activity giving rise to improperly regulated cellular 
processes. 
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SUMMARY OF THE INVENTION 

[0008] The present invention is based, at least in part, on 
the discovery of novel nucleic acid molecules and proteins 
encoded by such nucleic acid molecules, referred herein as 
Lysyl OXidase Related -2 (“Lor-2”) molecules. The Lor-2 
nucleic acid and protein molecules of the present invention 
are useful as modulating agents in regulating a variety of 
cellular processes (e.g., cellular processes in the cardiovas 
cular system, for eXample, cardiac cellular processes). The 
Accordingly, in one aspect, this invention provides isolated 
nucleic acid molecules encoding Lor-2 proteins or portions 
thereof, as Well as nucleic acid fragments suitable as primers 
or hybridiZation probes for the detection of Lor-2-encoding 
nucleic acids. In another embodiment, an isolated nucleic 
acid molecule of the present invention preferably encodes a 
Lor-2 protein Which includes a signal sequence and/or is 
secreted. In yet another embodiment, an isolated nucleic 
acid molecule of the present invention preferably encodes a 
Lor-2 protein Which lacks a signal sequence and/or is 
intracellular. 

[0009] In one embodiment, a Lor-2 nucleic acid molecule 
of the invention is at least 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 
more homologous to a nucleic acid sequence (e.g., to the 
entire length of the nucleotide sequence) having the nucle 
otide sequence shoWn in SEQ ID NO:1 or a complement 
thereof. 

[0010] In a preferred embodiment, the isolated nucleic 
acid molecule includes the nucleotide sequence shoWn in 
SEQ ID NO:1, or a complement thereof. In another embodi 
ment, the nucleic acid molecule includes nucleotides 143 
2401 shoWn in SEQ ID NO:1. In another preferred embodi 
ment, the nucleic acid molecule has the nucleotide sequence 
shoWn in SEQ ID NO:1. In another preferred embodiment, 
the nucleic acid molecule comprises a fragment of at least 50 
contiguous nucleotides of the nucleotide sequence shoWn in 
SEQ ID NO:1, or a complement thereof. 

[0011] In another embodiment, a Lor-2 nucleic acid mol 
ecule includes a nucleotide sequence encoding a protein 
having an amino acid sequence at least about 60%, 65%, 
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 
96%, 97%, 98%, or more homologous to the amino acid 
sequence shoWn in SEQ ID NO:2. 

[0012] In another preferred embodiment, an isolated 
nucleic acid molecule encodes the amino acid sequence of 
human Lor-2. In yet another preferred embodiment, the 
nucleic acid molecule includes a nucleotide sequence encod 
ing a protein having the amino acid sequence shoWn in SEQ 
ID NO: 2. In yet another preferred embodiment, the nucleic 
acid molecule includes a nucleotide sequence encoding a 
protein at least 753 amino acids in length. In yet another 
preferred embodiment, the nucleic acid molecule includes a 
nucleotide sequence encoding a protein at least 728 amino 
acids in length. In a further preferred embodiment, the 
nucleic acid molecule encodes a protein having a Lor-2 
activity (as described herein). 

[0013] Another embodiment of the invention features 
nucleic acid molecules, preferably Lor-2 nucleic acid mol 
ecules, Which speci?cally detect Lor-2 nucleic acid mol 
ecules relative to nucleic acid molecules encoding non 
Lor-2 proteins. For eXample, in one embodiment, such a 

Oct. 17, 2002 

nucleic acid molecule is at least 300, 400, 500, 600, 650, 
700, 750, or 753 nucleotides in length and hybridiZes under 
stringent conditions to a nucleic acid molecule comprising 
the nucleotide sequence shoWn in SEQ ID NO: 1, or a 
complement thereof. In a particularly preferred embodi 
ment, the nucleic acid molecule comprises a fragment of at 
least 50 contiguous nucleotides of the nucleotide sequence 
of SEQ ID NO:1, SEQ ID NO:3, or a complement thereof. 
In another preferred embodiment, the nucleic acid molecules 
are at least 25, 50, 75, 100, 150, 200, 250 or more nucle 
otides (e.g., contiguous) in length and hybridiZe under 
stringent conditions to SEQ ID NO:1. In other preferred 
embodiments, the nucleic acid molecule encodes a naturally 
occurring allelic variant of a polypeptide having the amino 
acid sequence shoWn in SEQ ID NO:2, Wherein the nucleic 
acid molecule hybridiZes to a nucleic acid molecule having 
the nucleotide sequence shoWn in SEQ ID NO:1 under 
stringent conditions. 

[0014] Another embodiment of the invention provides an 
isolated nucleic acid molecule Which is antisense to a Lor-2 
nucleic acid molecule, e.g., the coding strand of a Lor-2 
nucleic acid molecule. 

[0015] Another aspect of the invention provides a vector 
comprising a Lor-2 nucleic acid molecule. In certain 
embodiments, the vector is a recombinant expression vector. 
In another embodiment, the invention provides a host cell 
containing a vector of the invention. The invention also 
provides a method for producing a protein, preferably a 
Lor-2 protein, by culturing in a suitable medium, a host cell, 
e.g., a mammalian host cell such as a non-human mamma 
lian cell, of the invention containing a recombinant expres 
sion vector, such that the protein is produced. 

[0016] Another aspect of this invention features isolated or 
recombinant Lor-2 proteins and polypeptides. In one 
embodiment, the isolated polypeptide includes one or more 
of the folloWing: a signal sequence, a LOX domain and at 
least one SCRC domain. In another embodiment, the iso 
lated polypeptide includes a signal sequence, a LOX domain 
and at least tWo, three, or four SCRC domains. In another 
embodiment, the isolated protein preferably includes a sig 
nal sequence, a LOX domain, at least one SCRC domain and 
has an amino acid sequence Which is at least 60%, 65%, 
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 
96%, 97%, 98%, 99% or more homologous to a protein 
having the amino acid sequence shoWn in SEQ ID NO:2. In 
yet another embodiment, the isolated protein, preferably a 
Lor-2 protein, includes a signal sequence, a LOX domain, at 
least one SCRC domain and is expressed and/or functions in 
cells of the cardiovascular system. 

[0017] In yet another embodiment, an isolated protein, 
preferably a Lor-2 protein, has a signal sequence and/or is 
secreted. In another embodiment, the isolated protein, pref 
erably a Lor-2 protein, includes a signal sequence, a LOX 
domain, at least one SCRC domain and is encoded by a 
nucleic acid molecule having a nucleotide sequence Which 
hybridiZes under stringent hybridiZation conditions to a 
nucleic acid molecule comprising the nucleotide sequence 
shoWn in SEQ ID NO:1. 

[0018] In another embodiment, the isolated protein, pref 
erably a Lor-2 protein, has an amino acid sequence at least 
about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, 99% or more homologous 
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to a polypeptide having the amino acid sequence shown in 
SEQ ID NO:2 (e.g., the entire amino acid sequence shown 
in SEQ ID NO:2). In another embodiment, the invention 
features fragments of the proteins having the amino acid 
sequence shoWn in SEQ ID NO:2, Wherein the fragment 
comprises at least about 25, 50, 75, 100, 150, 200, 250 or 
more amino acids (e.g., contiguous amino acids) of the 
amino acid sequence shoWn in SEQ ID NO:2. In another 
embodiment, the protein, preferably a Lor-2 protein, has the 
amino acid sequence shoWn in SEQ ID NO:2. 

[0019] Another embodiment of the invention features an 
isolated protein, preferably a Lor-2 protein, Which is 
encoded by a nucleic acid molecule having a nucleotide 
sequence at least about 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 
more homologous to a nucleic acid having the nucleotide 
sequence (e.g., to the entire length of the nucleotide 
sequence) shoWn in SEQ ID NO: 1, or a complement thereof. 
This invention further features an isolated protein, prefer 
ably a Lor-2 protein, Which is encoded by a nucleic acid 
molecule having a nucleotide sequence Which hybridiZes 
under stringent hybridiZation conditions to a nucleic acid 
molecule comprising the nucleotide sequence shoWn in SEQ 
ID NO:1, or a complement thereof. 

[0020] The proteins of the present invention or portions 
thereof, e.g., biologically active portions thereof, can be 
operatively linked to a non-IJor-2 polypeptide (e.g., heter 
ologous amino acid sequences) to form fusion proteins. The 
invention further features antibodies, such as monoclonal or 
polyclonal antibodies, that speci?cally bind proteins of the 
invention, preferably Lor-2 proteins. In addition, the Lor-2 
proteins or portions thereof can be incorporated into phar 
maceutical compositions, Which optionally include pharma 
ceutically acceptable carriers. 
[0021] In another aspect, the present invention provides a 
method for detecting the presence of a IJor-2 nucleic acid 
molecule, protein or polypeptide in a biological sample by 
contacting the biological sample With an agent capable of 
detecting a Lor-2 nucleic acid molecule, protein or polypep 
tide such that the presence of a Lor-2 nucleic acid molecule, 
protein or polypeptide is detected in the biological sample 
(e.g., a breast tissue sample or tumor sample). 

[0022] In another aspect, the present invention provides a 
method for detecting the presence of Lor-2 activity in a 
biological sample by contacting the biological sample With 
an agent capable of detecting an indicator of Lor-2 activity 
such that the presence of Lor-2 activity is detected in the 
biological sample. 
[0023] In another aspect, the invention provides a method 
for modulating IJor-2 activity comprising contacting a cell 
capable of expressing Lor-2 With an agent that modulates 
Lor-2 activity such that Lor-2 activity in the cell is modu 
lated. In one embodiment, the agent inhibits Lor-2 activity. 
In another embodiment, the agent stimulates Lor-2 activity. 
In one embodiment, the agent is an antibody that speci?cally 
binds to a Lor-2 protein. In another embodiment, the agent 
modulates expression of Lor-2 by modulating transcription 
of a IJor-2 gene or translation of a Lor-2 mRNA. In yet 
another embodiment, the agent is a nucleic acid molecule 
having a nucleotide sequence that is antisense to the coding 
strand of a Lor-2 mRNA or a Lor-2 gene. 

[0024] In one embodiment, the methods of the present 
invention are used to treat a subject having a disorder 
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characteriZed by aberrant Lor-2 protein or nucleic acid 
expression or activity by administering an agent Which is a 
Lor-2 modulator to the subject. In one embodiment, the 
Lor-2 modulator is a Lor-2 protein. In another embodiment 
the Lor-2 modulator is a Lor-2 nucleic acid molecule. In yet 
another embodiment, the Lor-2 modulator is a peptide, 
peptidomimetic, or other small molecule. In one embodi 
ment, the disorder characteriZed by aberrant Lor-2 protein or 
nucleic acid expression is a cardiovascular disorder, e.g., 
congestive heart failure, ischemia, cardiac hypertrophy, 
ischemic-reperfusion injury or a disorder arising from 
improperly regulated Lor-2 protein action on target mol 
ecules/cells giving rise to improperly regulated cellular 
processes. In another embodiment, the disorder character 
iZed by aberrant Lor-2 protein or nucleic acid expression is 
a proliferative disorder, e.g., cancer. 

[0025] The present invention also provides a diagnostic 
assay for identifying the presence or absence of a genetic 
alteration characteriZed by at least one of aberrant modi 
?cation or mutation of a gene encoding a Lor-2 protein; (ii) 
mis-regulation of the gene; and (iii) aberrant post-transla 
tional modi?cation of a Lor-2 protein, Wherein a Wild-type 
form of the gene encodes a protein With a IJor-2 activity. 

[0026] Also provided are methods for diagnosing a tumor 
in a subject, determining the metastatic potential of a tumor 
or forming a prognosis, Which include contacting a tumor 
sample form the individual With an agent capable of detect 
ing Lor-2 (e.g., Lor-2 expression or activity), determining 
the amount of Lor-2, and forming the diagnosis, determi 
nation or prognosis based on the amount of IJor-2. 

[0027] In another aspect the invention provides a method 
for identifying a compound that binds to or modulates the 
activity of a Lor-2 protein, by providing an indicator com 
position comprising a Lor-2 protein having Lor-2 activity, 
contacting the indicator composition With a test compound, 
and determining the effect of the test compound on Lor-2 
activity in the indicator composition to identify a compound 
that modulates the activity of a Lor-2 protein. 

[0028] Also featured are methods of regulating metastasis 
in an individual or inhibiting tumor progression in an 
individual Which include administering to the individual a 
Lor-2 modulator (e.g., a Lor-2 inhibitor). 

[0029] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description and 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. lA-B depicts the cDNA sequence of human 
Lor-2. The nucleotide sequence corresponds to nucleic acids 
1-2920 of SEQ ID NO:1. 

[0031] FIG. 2A-B depicts the cDNA sequence of human 
Lor-2. The amino acid sequence corresponds to amino acids 
1-753 of SEQ ID NO:2. 

[0032] FIG. 3 depicts the coding sequence of human 
Lor-2. The nucleotide sequence corresponds to nucleic acids 
1-2259 of SEQ ID NO:3. 

[0033] FIG. 4 shoWs a protean analysis of the Lor-2 amino 
acid sequence depicted in SEQ ID NO:2. ShoWn are regions 
identi?ed With the folloWing algorithms: alpha, beta turn and 
coil regions, Garnier-Robson algorithm (Gamier et al. 
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(1978) J Mol Biol 120197); alpha, beta, and turn regions, 
Chou-Fasman algorithm (Chou and Fasman (1978) Adv in 
Enzymol M 0l 47145-148); hydrophilicity and hydrophobicity 
plots, Kyte-Doolittle algorithm (Kyte and Doolittle (1982) J 
Mol Biol 1571105-132); alpha amphipathic and beta amphi 
pathic regions, Eisenberg algorithm (Eisenberg et al. (1982) 
Nature 2991371-374); ?exible regions, Karplus-SchulZ algo 
rithm (Karplus and Schulz (1985) Naturwissens-Chafen 
721212-213); antigenic index, J ameson-Wolf algorithm 
(Jameson and Wolf (1988) CABIOS 41121-136); surface 
probability plot, Emini algorithm (Emini et aL (1985)] Viral 
551836-839). 
[0034] FIG. 5A-B depicts a multiple sequence alignment 
of the amino acid sequence of human lysyl oxidase, LOX 
(Accession Number 2144342) (SEQ ID NO15), human lysyl 
oxidase-like protein, LOL (Accession Number L21186) 
(SEQ ID NO16), human lysyl oxidase-related protein, Lor 
(Accession Number U89942) (SEQ ID NO17), murine lysyl 
oxidase-related protein 2, Lor-2 (Accession No. AF053368, 
SEQ ID N018), and the amino acid sequence of human 
Lor-2 (corresponding amino acids 1 to 753 of SEQ ID 
NO12). The alignment Was generated using the Clustal 
algorithm Which is part of the MegAlignTM softWare pack 
age. The multiple alignment parameters are as follows: Gap 
Penalty=10; Gap Length Penalty=10. The pairWise align 
ment parameters are as follows: K-tuple=1; Gap Penalty=3; 
WindoW=5; Diagonals Saved=5; Weight Residue Table= 
PAM250. The SCRC domains are indicated in italics. The 
lysyl oxidase domain is indicated in bold. The copper 
binding site is overlined. The lysyl oxidase-related region is 
underlined. (For the huLO sequence depicted, the amino 
acid residues corresponding to the processed enZyme are 

underlined.) 
[0035] FIG. 6 depicts the results of radiation hybrid 
mapping of the gene encoding human Lor-2 (i.e. clone 
Fbh21967). The location of clone Fbh21967, relative to 
various markers, is depicted as are the relative distances 
betWeen markers. 

[0036] FIG. 7 is a graphic depiction of the relative levels 
of Lor-2 expression in various normal tissue samples. 

[0037] FIG. 8 is a graphic depiction of the relative levels 
of Lor-2 expression in additional tissue and cell samples. 

[0038] FIG. 9 is a graphic depiction of the relative levels 
of Lor-2 expression in various normal versus tumor tissue 
samples. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0039] The present invention is based, at least in part, on 
the discovery of novel molecules, referred to herein as Lysyl 
Oxidase Related-2 (“Lor-2”) molecules or “Lor-2” nucleic 
acid and polypeptide molecules, Which play a role in or 
function in a variety of cellular processes in the cardiovas 
cular system, e.g., cardiac cell function. In another embodi 
ment, the Lor-2 molecules of the present invention modulate 
the activity of one or more proteins involved in a cardio 
vascular disorder, e.g., congestive heart failure, ischemia, 
cardiac hypertrophy, ischemic-reperfusion injury. 

[0040] As used herein, the term “cardiovascular disorder” 
includes a disease, disorder, or state involving the cardio 
vascular system, e.g., the heart, the blood vessels, and/or the 
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blood. A cardiovascular disorder can be caused by an 
imbalance in arterial pressure, a malfunction of the heart, or 
an occlusion of a blood vessel, e.g., by a thrombus. 
Examples of such disorders include hypertension, athero 
sclerosis, coronary artery spasm, coronary artery disease, 
valvular disease, arrhythmias, and cardiomyopathies. 

[0041] As used herein, the term “congestive heart failure” 
includes a condition characteriZed by a diminished capacity 
of the heart to supply the oxygen demands of the body. 
Symptoms and signs of congestive heart failure include 
diminished blood How to the various tissues of the body, 
accumulation of excess blood in the various organs, e.g., 
When the heart is unable to pump out the blood returned to 
it by the great veins, exertional dyspnea, fatigue, and/or 
peripheral edema, e.g., peripheral edema resulting from left 
ventricular dysfunction. Congestive heart failure may be 
acute or chronic. The manifestation of congestive heart 
failure usually occurs secondary to a variety of cardiac or 
systemic disorders that share a temporal or permanent loss 
of cardiac function. Examples of such disorders include 
hypertension, coronary artery disease, valvular disease, and 
cardiomyopathies, e.g., hypertrophic, dilative, or restrictive 
cardiomyopathies. Congestive heart failure is described in, 
for example, Cohn J. N. et al. (1998) American Family 
Physician 5711901-04, the contents of Which are incorpo 
rated herein by reference. 

[0042] As used herein, the term “ardiac cellular processes” 
includes intra-cellular or inter-cellular processes involved in 
the functioning of the heart. Cellular processes involved in 
the nutrition and maintenance of the heart, the development 
of the heart, or the ability of the heart to pump blood to the 
rest of the body are intended to be covered by this term. Such 
processes include, for example, cardiac muscle contraction, 
distribution and transmission of electrical impulses, and 
cellular processes involved in the opening and closing of the 
cardiac valves. The term “cardiac cellular processes” further 
includes processes such as the transcription, translation and 
post- translational modi?cation of proteins involved in the 
functioning of the heart, e.g., myo?lament speci?c proteins, 
such as troponin I, troponin T, myosin light chain 1 (MLC 
1), and ot-actinin. 

[0043] One embodiment of the invention features Lor-2 
nucleic acid molecules, preferably human Lor-2 molecules, 
Which Were identi?ed from a cDNA library made from the 
heart of a patient With congestive heart failure The 
Lor-2 nucleic acid and protein molecules of the invention are 
described in further detail in the folloWing subsections. 

[0044] In yet another embodiment, the isolated proteins of 
the present invention, preferably Lor-2 proteins, can be 
identi?ed based on the presence at least one SRCR domain 
and/or a lysyl oxidase domain and/or and a signal sequence. 

[0045] In a preferred embodiment, a Lor-2 family member 
includes at least 1, 2, 3, 4, or more scavenger receptor 
cysteine-rich (“SRCR”) domains. Scavenger receptors are 
proteins Which have been implicated in the development of 
atherosclerosis and other macrophage-associated functions. 
For example, the type I mammalian macrophage scavenger 
receptors are membrane glycoproteins implicated in the 
pathologic deposition of cholesterol in arterial Walls during 
atherogenesis (Freeman et al. (1990) Proc. Natl. Acad. Sci. 
USA. 8718810-8814). Scavenger receptors are character 
iZed by the presence of a cysteine-rich domain, Which is 
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proposed to be involved in binding of physiological ligands 
(e.g., cell-surface proteins). This cysteine rich domain is 
referred to herein and in the art as a scavenger receptor 
cysteine-rich (“SRCR”) domains. Intra- or intercellular 
binding of ligand to the SRCR domain is believed to play a 
role in signaling or adhesion 

[0046] As de?ned herein, a SRCR domain includes a 
protein domain Which is about 88-112 amino acid residues 
in length and has about 16-60% identity With a SRCR of 
type I human macrophage scavenger receptor (e.g., amino 
acid residues 353-450 of SEQ ID NO:10). In another 
embodiment, a SRCR is abuse 90-110, 92-108, 94-106, or 
95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, or 106 
amino acid residues in length and has about 22-54%, 
26-50%, 28-48%, or 29%, 30%, 31%, 32%, 33%, 34%, 
35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 
45%, 46%, or 47% identity With a SRCR of type I human 
macrophage scavenger receptor (e.g., amino acid residues 
353-450 of SEQ ID NO:10). For example, a SRCR domain 
can be found in murine type I scavenger receptor (Accession 
No. 1709140) from about amino acid residues 360-457. 
SRCR domains also have been found in diverse secreted and 
other cell-surface proteins from humans (e.g., CD5 and 
complement factor I), mice (Ly-1), and sea urchins (speract 
receptor). Moreover, many proteins include more than one 
SRCR domain (e.g., Ly-1 includes 3 SRCR domains and the 
speract receptor includes 4 SRCR domains). Likewise, 
human Lor-2 includes 4 SRCR domains, as set forth beloW. 

[0047] To identify the presence of an SRCR in a Lor-2 
family member, the amino acid sequence of the protein 
family member can be searched against a database of HMMs 
(e.g., the Pfam database, release 3.3) e.g., using the default 
parameters. For eXample, the search can be performed using 
the hmmsf program (family speci?c) and threshold score of 
15 for determining a hit. hmmsf is available as part of the 
HMMER package of search programs (HMMER 2.1.1, 
December 1998) Which is freely distributed by the Wash 
ington University school of medicine. In one embodiment, a 
hit to a SRCR HMM having a score of at least 30-40, 
preferably at least 50-60, more preferably at least 70-80, and 
more preferably at least 90 or more is determinative of the 
presence of a SRCR domain Within a query protein. Asearch 
using the amino acid sequence of SEQ ID NO:2 Was 
performed against the HMM database resulting in the iden 
ti?cation of 4 SRCR domains in the amino acid sequence of 
SEQ ID NO:2. Accordingly, in one embodiment of the 
invention, a Lor-2 protein has an SRCR domain at about 
amino acids 51-145 of SEQ ID NO:2. (Score of 91.4 against 
the SRCR domain pro?le HMM Accession No. PF00530). 
In another embodiment, a Lor-2 protein has an SRCR 
domain at about amino acids 183-282 of SEQ ID NO:2. 
(Score of 35.8). In another embodiment, a Lor-2 protein has 
an SRCR domain at about amino acids 310-407 of SEQ ID 
NO:2. (Score of 128.9). In another embodiment, a Lor-2 
protein has an SRCR domain at about amino acids 420-525 
of SEQ ID NO:2. (Score of 55.2). The SRCRs of Lor-2, as 
Well as those of huLor and muLor-2 are indicated by italics 
in FIG. 5. 

[0048] Lor-2 family members can further include at least 
one or more speract receptor repeated domain (“SRRD”) 
signatures. The speract receptor is a transmembrane glyco 
protein of 500 amino acid residues (Dangott et al. (1989) 
PNAS U.S.A. 86:2128-2132) Which consists of a large extra 
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cellular domain of 450 Which contains four repeats of a ~115 
amino acids termed more speract receptor repeated domain 
or “SRRDs”. Multiple sequence alignment of the four 
repeats reveals at least 17 perfectly conserved residues 
(including siX cysteines, siX glycines, and three glutamates). 
ASRRD signature has been generated from an alignment of 
the four SRRDs and has the consensus sequence: G-X(5) 

G-X(2)-E-X(6)-W-G-X(2)-C-X(3)-[FYW]-X(8)-C-X(3)-G, 
corresponding to SEQ ID NO:4. The SRRD signature is 
further described in PROSITE Document, Accession No. 
PDOC00348 (http://eXpasy.ch/cgi-bin/prosite-search-ac?P 
DOC00021) and as PROSITE Accession No. PS00420. In 
one embodiment, a SRRD signature is included Within a 
SRCR. For eXample, a SRRD can be found in a SRCR of the 
C-terminal section of the mammalian macrophage scaven 
ger receptor type I (Freeman et al. (1990) PNAS USA. 
87:8810-8814). Likewise, a SRRD signature can be found 
Within the SRCR domain of human Lor-2 from about amino 
acids 312-349 of SEQ ID NO:2. 

[0049] The consensus sequences herein are described 
according to standard Prosite Signature designation (e.g., all 
amino acids are indicated according to their universal single 
letter designation; X designates any amino acid; X(n) des 
ignates any n amino acids, e.g., X (2) designates any 2 amino 
acids; indicates any one of the amino acids appear 
ing Within the brackets, e.g., any one of F, Y, or W, in the 
alternative, any one of Phe, Tyr, or Trp; and indicates 
any amino but the amino acid included Within the brackets.) 

[0050] Lor-2 family members can further include at least 
one domain characteristic of lysyl oXidase, referred to herein 
as a lysyl oXidase domain or “LOX domain”. Lysyl oXidase 
is an extracellular copper-dependent enZyme that catalyZes 
the oXidative deamination of peptidyl lysine residues in 
precursors of various collagens and elastins. The deaminated 
lysines are then able to form aldehyde cross-links. (Krebs et 
al. (1993) Biochem. Biophys. Acta. 1202:7-12). The amino 
acid sequence of lysyl oXidase includes a signal sequence 
(e.g., amino acids 1 to 21 of human lysyl oXidase set forth 
as SEQ ID NO:5, a pro-peptide region (e.g., amino acids 22 
to 168 of SEQ ID N015), and a region corresponding to the 
active, processed protein (e.g., amino acids 169-417 of SEQ 
ID NO:5), Which is responsible for the enZymatic function 
of the molecule. Lysyl oXidase can be further characteriZed 
by the presence of a copper-binding site (Krebs et al. (1993) 
Biochem. Biophys. Acta. 12-2:7-12) having four conserved 
histidine residues that presumably supply the nitrogen 
ligands for copper coordination, and a quinone cofactor 
binding site (Wang et al. (1996) Science 273:1078-1084) 
(e.g., his289, his292, his294, and his296 of SEQ ID NO:5), 
also referred to as a “copper talon”. The copper binding site 
of human Lor-2 can be found, for eXample, at about amino 
acids 286-296 of SEQ ID NO:5. 

[0051] Accordingly, as used herein, the term “LOX 
domain” includes a protein domain Which is about 245-275 
amino acid residues in length, and has about 38-64% identity 
With the amino acid sequence of processed lysyl oXidase 
(e.g., amino acid residues 169-417 of SEQ ID NO:5). 
Preferably, a LOX domain is about 225-300, more prefer 
ably about 230-290 amino acid residues in length, and more 
preferably about 235-285, or 240-280 amino acid residues in 
length, and has about 34-65% identity, preferably about 
42-62%, and more preferably about 46-56% or 50-52% 
identity With the amino acid sequence of processed lysyl 


































































































