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ABSTRACT 

This invention provides a novel membrane-type serine pro 
tease (designated MT-SPl) elevated expression of Which is 
associated With cancer. In one embodiment, this invention 
provides a method obtaining a prognosis or of detecting or 
staging a cancer in an organism. The method involves 
providing a biological sample from the organism and detect 
ing the level of a membrane type serine protease 1 (MT-SP1) 
in the sample, Where an elevated level of the membrane-type 
serine protease, as compared to the level of the protease in 
a biological sample from a normal healthy organism indi 
cates the presence or stage of the cancer. 

WWW 
LPVHNVXKVBXHGPD 

cmumcrrcansccr 

Bil 

1321 
S ‘ D 

en 

nngmupoovpkas-rcvxnrvzzlcsltrcomnsosv 
mm‘ 

26 
9G 

‘ 3D 

' IO 

34 
GIG 12 

“ tie-fir Ir 

0 a n 



Patent Application Publication Feb. 28, 2008 Sheet 1 0f 8 US 2008/0051559 A1 

51301 

1121 



Patent Application Publication Feb. 28, 2008 Sheet 2 0f 8 US 2008/0051559 A1 

1 000 bp —--' 

500 bp--- ' .a 

400 bP;.-- ' _ 
300 bp'-"‘_ 



Patent Application Publication Feb. 28, 2008 Sheet 3 0f 8 US 2008/0051559 A1 

1.MT-SP1 ‘ - C , _ 

l -uu - 
SA CUB cua LLLL SP 

2.Enteropeptidase I - C q; 

SA ‘L MAM CUB LMSCR SP ' 

3.Hepsin ' 0| F 
SA SP 

' 100 AA 

Fig. 3. 



Patent Application Publication Feb. 28, 2008 Sheet 4 0f 8 US 2008/0051559 A1 

723215.; .. _ .... :3 55528 .N 

3. .mE 

.02 a“ 0mm .02 nu 0mm .02 a" 0mm . .oz 5 0mm .02 8 0mm . .02 a“ can . 



Patent Application Publication Feb. 28, 2008 Sheet 5 0f 8 US 2008/0051559 A1 

.. ........ {.6 ismnm? 3.53-5.8. H3259“. 1......-......EEu 2,. .329. . ....-.:.......H_§6 3.539. 

8.664.... .5365. -U::..:U 

. $328 

3x565... 3.58. .w .258 62.2.: “55 52m 38545 888.26 $2.22 EB Bmwu??» $.85...“ ??gd $3.22 $33 
mmmgé? “gamma. 0895s.. gag...“ 585%.". 5.3.3 :33 .... i535 2:33: 85820 .??aqd 5583. $2.2. ..... :28 8.2.525 885%. @8250 8385.6 2.3.: . .... ....;Bu.§&8§ um?wuzeugé?es?u El. . 

EB .83. 
243.: .52 2 0mm 

.... -............B. 8:58“. 88683. 8.055..“ 655.0 28.52 15-5 .................-r.8 8....M3E unim?i. Banzai Eggs $3.21 ".32: 

. . it. ..... i8 5... .?mm?. 

. ......... i» 

5m v2.35?“ ?tgzu 2.2-3: TETQ: .2 38m. _ 

luinalfntlmuwn . iiiii In . . . inn...» llllll lwi. mhtmmm? an." . 

. mw .mE 



Patent Application Publication Feb. 28, 2008 Sheet 6 0f 8 US 2008/0051559 A1 

i IQSEEQEEBEEEQ 

U @5528. E25... H. F5338. ?was .._v é??mgg *Ea?u?iz .. . .. -4 ...... in-“ ......... 2.. 



Patent Application Publication Feb. 28, 2008 Sheet 7 0f 8 US 2008/0051559 A1 

$30-2 M. 
2:83.: Ewéw 55.2 mum?w? 8.38.5.2. 352.78 52mm .d 5585.," :QmEBWh o-umusTw mind-m 

a .,.., 
b k 7 3 2 
b k 5 3 1 

Fig.- 55 Fig. ' 5A 



Patent Application Publication Feb. 28, 2008 Sheet 8 0f 8 US 2008/0051559 A1 

32.5 K0 ‘'1'!’ ‘5 
i 25 kD - ‘ 

hours 0 1 2 3_,__4 ‘5 6' 

Fig. 6A 

Autoactivation of NIT-SP1 
so 

70_ -v 
A >60 - 
C 

E so - 

8 4o ' 

5 3o - 

g 20 - 

16: 1o - 
0. I l I I 

v o 1 2 a 4 5 6 

‘ _hours 

..-Eig.‘6B ‘ 

‘ 25 km - . i 

minutes 0 15 30 45 601.20 + — 

Fig. 6C 



US 2008/0051559 A1 

MT-SPl POLYPEPTIDES 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH AND DEVELOPMENT 

[0001] This Work Was supported, in part, by National 
Institutes of Health Grants Numbers CA72006 and 
CA71097. The Government of the United States of America 
may have some rights in this invention. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0002] [Not Applicable] 

FIELD OF THE INVENTION 

[0003] This invention relates to the ?eld of serine pro 
teases and associated biology. In particular, this invention 
relates to the discovery of a neW membrane-type serine 
protease believed to be associated With the etiology of 
cancer and associated pathologies. 

BACKGROUND OF THE INVENTION 

[0004] The serine proteases (SP) are a large family of 
proteolytic enZymes that include the digestive enZymes, 
trypsin and chymotrypsin, components of the complement 
cascade and of the blood-clotting cascade, and enZymes that 
control the degradation and turnover of macromolecules of 
the extracellular matrix. Serine proteases are so named 
because of the presence of a serine residue in the active 
catalytic site for protein cleavage. Serine proteases have a 
Wide range of substrate speci?cities and can be subdivided 
into subfamilies on the basis of these speci?cities. The main 
sub-families are trypases (cleavage after arginine or lysine), 
aspases (cleavage after aspartate), chymases (cleavage after 
phenylalanine or leucine), metases (cleavage after methion 
ine), and serases (cleavage after serine). 

[0005] Most proteases are secretory proteins Which con 
tain N-terminal signal peptides that serve to export the 
immature protein across the endoplasmic reticulum and are 
then cleaved (von Heijne (1986) Nuc. Acid. Res. 14: 5683 
5690). Differences in these signal sequences provide one 
means of distinguishing individual serine proteases. Some 
serine proteases, particularly the digestive enZymes, exist as 
inactive precursors or preproenZymes, and contain a leader 
or activation peptide sequence 3' of the signal peptide. 
Typically, this activation peptide may be 2-12 amino acids in 
length, and it extends from the cleavage site of the signal 
peptide to the N-terminal IIGG sequence of the active, 
mature protein. Cleavage of this sequence activates the 
enZyme. This sequence varies in different serine proteases 
according to the biochemical pathWay and/or its substrate 
(Zunino et al. (1988) Biochimica et. Biophysica Acta 967: 
331-340; Sayers, et al. (1992) J. Immunology 148: 292-300). 
Other features that distinguish various serine proteases are 
the presence or absence of N-linked glycosylation sites that 
provide membrane anchors, the number and distribution of 
cysteine residues that determine the secondary structure of 
the serine protease and the sequence of a substrate binding 
sites such as S'. The S' substrate binding region is de?ned by 
residues extending from approximately +17 to +29 relative 
to the N-terminal I (+1). Differences in this region of the 
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molecule are believed to determine serine protease substrate 
speci?cities (Zunino et al, supra). 

[0006] Numerous disease states are caused by and can be 
characterized by alterations in the activity of speci?c pro 
teases and their inhibitors. For example emphysema, arthri 
tis, thrombosis, cancer metastasis and some forms of hemo 
philia result from the lack of regulation of serine protease 
activities (see, for example, Textbook of Biochemistry with 
Clinical Correlations, John Wiley and Sons, Inc. NY. 
(1993)). In case of viral infection, the presence of viral 
proteases have been identi?ed in infected cells. Such viral 
proteases include, for example, HIV protease associated 
With AIDS and NS3 protease associated With Hepatitis C. 
These viral proteases play a critical role in the virus life 
cycle. 

[0007] A series of serine proteases have been identi?ed in 
murine cytotoxic T-lymphocytes (CTL) and natural killer 
(NK) cells. These serine proteases are involved With CTL 
and NK cells in the destruction of virally transformed cells 
and tumor cells and in organ and tissue transplant rejection 
(Zunino et al. (1990) J Immunol. 144:2001-2009; Sayers et 
al. (1994) J. Immunol. 152: 2289-2297). Human homologs 
of most of these enZymes have been identi?ed (Trapaniet et 
al. (1988) Proc. Natl. Acad. Sci. 85: 6924-6928; Caputo et 
al. (1990) J. Immunol. 145: 737-744). 

[0008] Proteases have also been implicated in cancer 
metastasis. Increased synthesis of the protease urokinase has 
been correlated With an increased ability to metastasiZe in 
many cancers. Urokinase activates plasmin from plasmino 
gen Which is ubiquitously located in the extracellular space 
and its activation can cause the degradation of the proteins 
in the extracellular matrix through Which the metastasiZing 
tumor cells invade. Plasmin can also activate the collage 
nases thus promoting the degradation of the collagen in the 
basement membrane surrounding the capillaries and lymph 
system thereby alloWing tumor cells to invade into the target 
tissues (Dano, et al. (1985) Adv. Cancer Res., 44: 139). 

[0009] The discovery of a neW serine protease precursor 
and the polynucleotides encoding it satis?es a need in the art 
by providing neW prognostic and diagnostic methods and, 
therapeutic compositions useful in the treatment or preven 
tion of cancer. 

SUMMARY OF THE INVENTION 

[0010] This invention pertains to the discovery of a neW 
serine protease associated With cancer cells. In particular, 
nucleic acid cDNAs derived from PC-3 mRNA Were 
sequenced that encoded a novel serine protease referred to 
herein as membrane-type serine protease 1 (MT-SP1). The 
MT-SP1 polypeptide encoded by the nucleic acid(s) is 
localiZed in tumor tissues (e.g. prostatic cancers, gastric 
cancers, breast cancers, etc.), and in preferred embodiments 
is identi?ed in blood vessels associated With tumors. Inhi 
bition of MT-SP1 inhibits cancer groWth in relevant animal 
models. Without being bound to a particular theory it is 
believed that MT-SP1 is implicated in tumor proliferation 
and/or groWth and/or tumor angiogenesis. MT-SP1 is also 
demonstrated herein to be a good diagnostic, and more 
preferably, a good prognostic for various cancers. MT-SP1 
can be used to detect the presence or absence of a cancer, to 
determine the location and/or siZe and/or morphology of a 
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cancer, and to make a prediction regarding the severity 
and/or outcome of a cancer or a particular therapeutic 
regimen. 
[0011] In one embodiment, this invention provides nucleic 
acids encoding MT-SPl and/or probes suitable for ampli? 
cation of MT-SPl nucleic acids (eg from a PC-3 mRNA 
template). These nucleic acids include, but are not limited to: 
(a) a nucleic acid comprising a nucleic acid encoding a 
serine protease domain having the sequence of SEQ ID NO: 
2; (b) a nucleic acid comprising a nucleic acid encoding a 
serine protease domain having the sequence of amino acids 
615 through 855 of SEQ ID NO: 2; (c) a nucleic acid that 
speci?cally hybridizes to the nucleic acid of SEQ ID NO: 1 
or a fragment thereof under stringent conditions and is of 
su?icient length that said nucleic acid can uniquely indicate 
the presence or absence of a nucleic acid encoding a 
membrane-type serine protease in a total genomic DNA 
pool, a total cDNA pool or a total mRNA pool sample from 
a PC-3 cell; (d) a nucleic acid comprising a sequence that 
has the same sequence as a nucleic acid ampli?ed from a 
PC-3 cDNA template using PCR primers corresponding to 
nucleotides 37-54 of SEQ ID NO: 1 and 2604-2583 of the 
complement of SEQ ID NO: 1; (e) a DNA encoding an 
mRNA that, When reverse transcribed, produces the cDNA 
of SEQ ID NO: 1; (f) a DNA encoding an mRNA that, When 
reverse transcribed, produces the cDNA encoding amino 
acids 615-855 of SEQ ID NO: 2; (g) a pair of primers that, 
When used in a nucleic acid ampli?cation reaction With PC-3 
cDNA template speci?cally ampli?es a nucleic acid encod 
ing the polypeptide of SEQ ID NO: 2; (h) a pair of primers 
that, When used in a nucleic acid ampli?cation reaction With 
mRNA template from a PC-3 cell speci?cally amplify a 
nucleic acid encoding the polypeptide having the sequence 
of amino acids 615 through 855 of SEQ ID NO: 2; and (i) 
a nucleic acid encoding a membrane-type serine protease, 
Wherein said nucleic acid encodes a consensus sequence 
shoWn in FIG. 4 and does not encode TRYB_human, ENTK 
Human, HEPS_human, TRY2_Human, and CTRB_human. 
Preferred nucleic acids encode a polypeptide having the 
sequence of amino acids 615 through 855 of SEQ ID NO: 2, 
While other preferred nucleic acids encode a polypeptide 
having the sequence of SEQ ID NO: 2. In one embodiment 
the nucleic acid has the sequence of SEQ ID NO: 1. The 
nucleic acid(s) are optionally present in an expression cas 
sette and/or a vector and are optionally labeled With a 
detectable label. Also provided are host cells comprising 
such vectors and a process producing a polypeptide com 
prising expressing from such host cells a polypeptide 
encoded an MT-SPl DNA. This invention also includes a 
process for producing a cell that expresses an MT-SPl 
polypeptide. The process involves comprising transforming 
or transfecting the cell With the vector encoding an MT-SPl 
such that the cell expresses the MT-SPl polypeptide. 

[0012] In another embodiment this invention provides 
isolated MT-SPl polypeptides (eg as encoded by the 
nucleic acids described above). Preferred polypeptides com 
prise a protease domain of SEQ ID NO: 2 or the polypeptide 
of SEQ ID NO: 2. Preferred polypeptides also include, but 
are not limited to polypeptides that have serine protease 
activity and that are speci?cally bound by an antibody raised 
against the polypeptide of SEQ ID NO: 2 and/or polypep 
tides having protease activity and having 95% or greater 
sequence identity to a polypeptide having the sequence of 
SEQ ID NO: 2; and/or having protease activity and having 
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95% or greater identity to a polypeptide having the sequence 
of amino acids 615 through 855 of SEQ ID NO: 2. 

[0013] Also provided are antibodies that speci?cally bind 
to the MT-SPl polypeptides of this invention (eg a 
polypeptide encoded by SEQ ID NO: 2). The antibodies can 
be monoclonal, polyclonal, antibody fragments or single 
chain antibodies. 

[0014] This invention also provides diagnostic assays for 
cancer(s). Such assays involve providing a biological 
sample from an organism; and detecting the level of a 
membrane type serine protease 1 (MT-SP1) in the sample, 
Where an elevated level of the membrane-type serine pro 
tease, as compared to the level of the protease in a biological 
sample from a normal healthy organism indicates the pres 
ence of the cancer. The method can involve determining the 
copy number of MT-SPl genes in the cells of the biological 
sample (eg using FISH or Comparative Genomic Hybrid 
ization (CGH)). In another embodiment, the method can 
involve measuring the level of MT-SPl mRNA in the 
biological sample, Wherein an increased level of MT-SPl 
RNA in the sample compared to MT-SPl RNA in a control 
sample indicates the presence (or signi?cant probability of 
the presence) of the cancer. The mRNA determination can 
involve hybridizing (eg using a Northern blot, a Southern 
blot, an array hybridization, an a?inity chromatography, an 
in situ hybridization, etc.) the mRNA to one or more probes 
that speci?cally hybridize (under stringent conditions) to a 
nucleic acid encoding the MT-SPl protein. A probe used in 
such measurements can optionally include a plurality of 
probes that form an array of probes. Preferred detection 
methods involve quantifying MT-SPl mRNA. In still 
another embodiment, the level of MT-SPl mRNA is mea 
sured using a nucleic acid ampli?cation reaction. In addi 
tion, or alternatively, the method can involve determining 
the level (eg via a method selected from the group con 
sisting of capillary electrophoresis, a Western blot, mass 
spectroscopy, ELISA, immunochromatography, and immu 
nohistochemistry) or activity of an MT-SPl protein in the 
biological sample. Preferred biological samples for these 
assays include, but are not limited to excised tissue, Whole 
blood, serum, plasma, buccal scrape, saliva, cerebrospinal 
?uid, and urine. 

[0015] In certain embodiments, it is desired to pre-screen 
test agents for the ability to bind to an MT-SPl nucleic acid 
and/or protein. Such pre-screening methods typically 
involve (a) contacting a nucleic acid encoding an MT-SPl 
serine protease or an MT-SPl serine protease protein With a 
test agent; and (b) detecting speci?c binding of the test agent 
to the MT-SPl protein or nucleic acid. Preferred test agents 
do not include antibodies, and/or nucleic acids. In particu 
larly preferred assay formats the MT-SPl nucleic acid and/or 
protein is immobilized on a solid support, While in other 
preferred assay formats, the test agent is immobilized (eg 
in a 96 Well plate, etc.). Preferred methods of detecting 
binding utilize detectable labels (e.g. ?uorescent labels) and 
a particular preferred detection methods utilizes ?uorescent 
resonance energy transfer (FRET). 

[0016] MT-SPl levels are also good prognostic indicators 
for various cancers as described herein. This invention 
therefore also provides methods (prognostic assays) for 
evaluating the severity or outcome of a cancer (eg for 
estimating length of survival of a cancer patient). The 
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methods preferably involve (a) obtaining a biological 
sample from a cancer patient having at least a preliminary 
diagnosis of cancer; (b) measuring MT-SPl in said sample 
and comparing the sample MT-SPl level to the MT-SPl 
level in normal healthy humans Wherein a sample MT-SPl 
level in excess of MT-SPl levels in normal healthy humans 
indicates a reduced survival expectancy compared to 
patients With normal MT-SPl level. Particular embodiments 
include a preliminary diagnosis of prostate cancer, a cancer 
of the digestive tract, a breast cancer, and/or a urogential 
cancer. Preferred biological samples, include, but are not 
limited to a primary tumor or a tissue affected by the cancer 
(e. g. a tumor biopsy) and/ or samples selected from the group 
consisting of Whole blood, plasma, serum, synovial ?uid, 
cerebrospinal ?uid, bronchial lavage, ascites ?uid, bone 
marroW aspirate, pleural effusion, urine, or tumor tissue. As 
indicated above, MT-SPl can be evaluated by copy number 
of MT-SPl genomic DNA, MT-SPl mRNA levels, levels of 
nucleic acid(s) derived from MT-SPl mRNA (e.g. cDNAs, 
RT-PCR products, etc.), MT-SPl protein levels and/or MT 
SPl activity levels. In a preferred embodiments the level of 
MT-SPl is measured by immunohistochemical staining of 
cells comprising the biological sample (e.g. tumor tissue 
cells) and/or via an immunoassay (e.g., ELISA using an 
anti-MT-SPl antibody as described above). 

[0017] Also provided are methods of treating a cancer in 
a patient. The methods involve performing one or more of 
the prognostic assays described herein on a cancer patient 
having at least a preliminary diagnosis of a cancer; and (c) 
selecting a patient identi?ed With an MT-SPl level excess of 
MT-SPl levels in normal healthy humans and providing an 
adjuvant cancer therapy (eg a therapy selected from the 
group consisting of chemotherapy, radiation therapy, reop 
eration, antihormone therapy, and immunotherapy). 

[0018] This invention also a?fords methods of screening 
for recurrence of a cancer after removal of a primary tumor. 
These methods involve performing one or more of the 
assays described herein on a biological sample from a cancer 
patient folloWing removal of a primary tumor. The assay can 
be repeated at a multiplicity of instances after removal of the 
primary tumor. 

[0019] Similarly the assays of this invention provide meth 
ods of monitoring the effectiveness of cancer treatment in 
patients. This involves obtaining a ?rst biological sample 
from said patient prior to or folloWing one or more treat 
ments of a cancer; obtaining a second biological sample 
from said cancer patient during or after said one or more 
treatments; evaluating the samples for MT-SPl level as 
described herein Where a loWer level of MT-SPl in the 
second sample as compared to the MT-SPl level in the ?rst 
sample indicates e?icacy of the treatment(s). Typically the 
treatments involve chemotherapy, radiation therapy, immu 
notherapy, anti hormone therapy, or surgery. 

[0020] It Was also a discovery of this invention that 
MT-SPl provides a good target for speci?cally delivering an 
e?fector (eg a liposome, a cytotoxin, a detectable label) to 
a cell (eg a tumor cell) expressing MT-SPl. The methods 
involve providing a chimeric moiety comprising an e?fector 
(eg an e?fector molecule) attached to an anti-MT-SPl 
antibody; and contacting the cell With said chimeric moiety 
Whereby the chimeric moiety binds (e.g. speci?cally binds) 
to the “target” cell. In preferred embodiments, the cell (e.g. 
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tumor cell) intemaliZes at least a portion (e. g. a detectable or 
measurable amount) of the molecule. Preferred cells include 
cancer cells, e.g., cells from a prostate cancer, a cancer of the 
digestive tract, a breast cancer, and a urogential cancer. 
Preferred e?fectors include a cytotoxin, a detectable label, a 
radionuclide, a drug, a liposome, a ligand, and an antibody. 
In particularly preferred embodiments, the chimeric moiety 
is a fusion protein. Preferred fusion proteins include e?fec 
tors selected from the group consisting of ricin, abrin, 
Diphtheria toxin, and Pseudomonas exotoxin. In other pre 
ferred embodiments, the effector is cytotoxic and/or a lipo 
some comprising an anti-cancer drug (e.g. doxirubicin, 
vinblastine, vincristine, taxol, doxirubicin, and genistein). 

[0021] This invention also provides chimeric moieties 
(e.g. chimeric molecules) comprising an e?fector attached to 
an anti-MT-SPl antibody. Preferred e?fectors include cyto 
toxin, a detectable label, a radionuclide, a drug, a liposome, 
a ligand, and an antibody. Preferred chimeric moieties are 
fusion proteins and particularly preferred fusion proteins 
have cytotoxic effectors (e.g., ricin, abrin, Diphtheria toxin, 
Pseudomonas exotoxin, etc.). Other preferred e?fectors 
include a liposome comprising an anti-cancer drug as 
described above. The chimeric moieties described herein 
can be formulated as pharmaceutical compositions compris 
ing the chimeric moiety and pharmaceutically acceptable 
excipient. 

[0022] This invention also provides methods of impairing 
groWth of tumor cells expressing an MT-SPl protein. The 
methods comprise contacting the tumor cells With a chimeric 
molecule comprising an anti-MT-SPl antibody; and a cyto 
toxic e?fector as described herein. 

DEFINITIONS 

[0023] The term “nucleic acid” refers to a deoxyribonucle 
otide or ribonucleotide polymer in either single- or double 
stranded form, and unless otherWise limited, encompasses 
knoWn analogs of natural nucleotides that can function in a 
similar manner as naturally occurring nucleotides. 

[0024] A “nucleic acid derived from an mRNA transcript” 
or “nucleic acid derived from an MT-SPl gene” refers to a 
nucleic acid for Whose synthesis the mRNA transcript or a 
subsequence thereof or the MT-SPl gene or subsequence 
thereof has ultimately served as a template. Thus, a cDNA 
reverse transcribed from an mRNA, an RNA transcribed 
from that cDNA, a DNA ampli?ed from the cDNA, an RNA 
transcribed from the ampli?ed DNA, etc., are all derived 
from the mRNA transcript and detection of such derived 
products is indicative of the presence and/or abundance of 
the original transcript in a sample. Thus, suitable samples 
include, but are not limited to, mRNA transcripts of the gene 
or genes, cDNA reverse transcribed from the mRNA, cRNA 
transcribed from the cDNA, DNA ampli?ed from the genes, 
RNA transcribed from ampli?ed DNA, and the like. 

[0025] The terms “isolated”“puri?ed” or “biologically 
pure” refer to material Which is substantially or essentially 
free from components Which normally accompany it as 
found in its native state. 

[0026] The terms “polypeptide”, “peptide” and “protein” 
are used interchangeably herein to refer to a polymer of 
amino acid residues. The terms apply to amino acid poly 
mers in Which one or more amino acid residue is an arti?cial 
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chemical analogue of a corresponding naturally occurring 
amino acid, as Well as to naturally occurring amino acid 
polymers. 
[0027] An amino acid, identi?ed by name herein “e.g., 
arginine” or “arginine residue” as used herein refers to 
natural, synthetic, or version of the amino acids. Thus, for 
example, an arginine can also include arginine analogs that 
offer the same or similar functionality as natural arginine 
With respect to their ability of be incorporated into a 
polypeptide, e?fect folding of that polypeptide and effect 
interactions of that polypeptide With other polypeptide(s). 

[0028] The phrase “nucleic acid encoding” or “nucleic 
acid sequence encoding” refers to a nucleic acid that directs 
the expression of a speci?c protein or peptide. The nucleic 
acid sequences include both the DNA strand sequence that 
is transcribed into RNA and the RNA sequence that is 
translated into protein. The nucleic acid sequences include 
both full-length nucleic acid sequences as Well as shorter 
sequences derived from the full-length sequences. It is 
understood that a particular nucleic acid sequence includes 
the degenerate codons of the native sequence or sequences 
Which may be introduced to provide codon preference in a 
speci?c host cell. The nucleic acid includes both the sense 
and antisense strands as either individual single strands or in 
the duplex form. 

[0029] The term “MT-SP1” protease, as used herein refers 
to either the membrane type serine protease exempli?ed 
(eg by SEQ ID NOs: 1 and 2) or to the class of serine 
proteases characterized by the presence of a non-cleaved 
signal/ anchor domain that anchors the serine protease in the 
cell membrane (see, e.g., Parks & Lamb (1991) Cell 64: 
777-787; Parks & Lamb (193) J. Biol. Chem, 268: 19101 
19109). Typically, charged residues ?ank the sides of the 
signal/anchor domain Was analyZed. Charged residues on 
the N-terminal side of the signal/anchor are important for 
proper topology, While addition of charges to the C-terminal 
side of the signal/anchor has little effect upon orientation. 
Removal of any of the positive charges preceding the signal 
anchor led to partial inversion of the topology, suggesting 
that each positive charge contributes to the signal. These 
results indicate that a type 11 membrane protein is charac 
teriZed by a protein that lacks a cleavable signal sequence (1) 
and has positively charged residues on the N-terminal side 
of a long stretch of hydrophobic amino acids (see, e.g., 
Walter and Lingappa (1986) Annu. Rev. Cell Biol. 2: 499 
516). 
[0030] The term “mutation”, When used in reference to a 
polypeptide refers to the change of one or more amino acid 
residues in a polypeptide to residues other than those found 
in the “native” or “reference (pre-mutation) form of that 
polypeptide. Mutations include amino acid substitutions as 
Well as insertions and/or deletions. A mutation does not 
require that the particular amino acid substitution or deletion 
be made to an already formed polypeptide, but contemplates 
that the “mutated” polypeptide can be synthesiZed de novo, 
eg through chemical synthesis or recombinant means. It 
Will be appreciated that the mutation can include replace 
ment of a natural amino acid With an “unnatural” amino 
acid. 

[0031] The term “prognostic” or “prognostic assay” refers 
to an assay that provides an indication as to the outcome of 
a disease. A prognostic assay need not indicate the presence 
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or absence of a disease. A negative prognostic assay might 
indicate the need for a more aggressive therapeutic regimen. 

[0032] A “protease” is a polypeptide that cleaves another 
polypeptide at a particular site (amino acid sequence). The 
protease can also be self-cleaving. 

[0033] A protease is said to be “speci?c” for another 
polypeptide When it characteristically cleaves the other 
“substrate” polypeptide at a particular amino acid sequence. 
The speci?city can be absolute or partial (i.e., a preference 
for a particular amino acid or amino acid sequence). 

[0034] The term “speci?cally binds” When used to refer to 
binding proteins herein indicates that the binding preference 
(e.g., af?nity for the target molecule/ sequence is at least 2 
fold, more preferably at least 5 fold, and most preferably at 
least 10 or 20 fold over a non-speci?c (e.g. randomly 
generated molecule lacking the speci?cally recogniZed 
amino acid or amino acid sequence) target molecule. 

[0035] The term “phage”, When used in the context of 
polypeptide display, includes bacteriophage as Well as other 
“infective viruses”, e.g. viruses capable of infecting a mam 
malian, or other, cell. 

[0036] The term “chymotrypsin fold” refers to the anti 
parallel beta barrel protein “fold” characteristic of trypsin, 
chymotrypsin, elastase, and related serine proteases (see, 
e.g., Branden and TooZe (1991) Introduction to Protein 
Structure, Garland Publishing, NeW York; Creighton (1993) 
Proteins, 2nd edition, W.H. Freeman & Co., NeW York; 
Schulz and Schirmer (1979) Principles of Protein Structure, 
Springer-Verlag, NeW York; PerutZ (1992) Protein Struc 
tureiNew Approaches to Disease and Therapy, W.H. Free 
man & Co., NeW York; Fersht (1976) Enzyme Structure and 
Mechanism, 2nd ed., W.H. Freeman & Co., NeW York). 

[0037] A “protease substrate” is a polypeptide that is 
speci?cally recogniZed and cleaved by a protease. 

[0038] The term “modulate” When used With respect to 
protease activity refers to an alteration in the rate of reaction 
(protein hydrolysis) catalyZed by a protease. An increase in 
protease activity results in an increase in the rate of substrate 
hydrolysis at a particular protease concentration and a 
protease modulator that produces such an increase in pro 
tease activity is referred to as an “activator” or “protease 
agonist”. The terms “activator” or “agonist” are thus used 
synonymously. A decrease in protease activity refers to a 
decrease in the rate of substrate hydrolysis at a particular 
protease concentration. Such a decrease may involve total 
elimination of protease activity. A protease modulator that 
produces a decrease in protease activity is referred to as a 
“protease inhibitor”. It Will be appreciated that generally the 
increase or decrease is as compared to the protease absent 
the protease modulator. 

[0039] The term “antibody” refers to a polypeptide sub 
stantially encoded by an immunoglobulin gene or immuno 
globulin genes, or fragments thereof Which speci?cally bind 
and recogniZe an analyte (antigen). The recogniZed immu 
noglobulin genes include the kappa, lambda, alpha, gamma, 
delta, epsilon and mu constant region genes, as Well as the 
myriad immunoglobulin variable region genes. Light chains 
are classi?ed as either kappa or lambda. Heavy chains are 
classi?ed as gamma, mu, alpha, delta, or epsilon, Which in 
turn de?ne the immunoglobulin classes, lgG, lgM, lgA, lgD 
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and IgE, respectively. An exemplary immunoglobulin (anti 
body) structural unit comprises a tetramer. Each tetramer is 
composed of tWo identical pairs of polypeptide chains, each 
pair having one “light” (about 25 kD) and one “heavy” chain 
(about 50-70 kD). The N-terminus of each chain de?nes a 
variable region of about 100 to 110 or more amino acids 
primarily responsible for antigen recognition. The terms 
variable light chain (V L) and variable heavy chain (V H) refer 
to these light and heavy chains respectively. 

[0040] Antibodies exist e.g., as intact immunoglobulins or 
as a number of Well-characterized fragments produced by 
digestion With various peptidases. Thus, for example, pepsin 
digests an antibody beloW the disul?de linkages in the hinge 
region to produce F(ab)'2, a dimer of Fab Which itself is a 
light chain joined to VH-CHl by a disul?de bond. The 
F(ab)'2 may be reduced under mild conditions to break the 
disul?de linkage in the hinge region, thereby converting the 
F(ab)'2 dimer into an Fab‘ monomer. The Fab‘ monomer is 
essentially an Fab With part of the hinge region (see, 
Fundamental Immunology, Third Edition, W. E. Paul, ed., 
Raven Press, N.Y. 1993). While various antibody fragments 
are de?ned in terms of the digestion of an intact antibody, 
one of skill Will appreciate that such fragments may be 
synthesized de novo either chemically or by utilizing recom 
binant DNA methodology. Thus, the term antibody, as used 
herein, also includes antibody fragments either produced by 
the modi?cation of Whole antibodies, those synthesized de 
novo using recombinant DNA methodologies (e.g., single 
chain Fv), and those found in display libraries (e.g. phage 
display libraries). 

[0041] The phrases “hybridizing speci?cally to” or “spe 
ci?c hybridization” or “selectively hybridize to”, refer to the 
binding, duplexing, or hybridizing of a nucleic acid mol 
ecule preferentially to a particular nucleotide sequence 
under stringent conditions When that sequence is present in 
a complex mixture (e.g., total cellular) DNA or RNA. 

[0042] The term “stringent conditions” refers to condi 
tions under Which a probe Will hybridize preferentially to its 
target subsequence, and to a lesser extent to, or not at all to, 
other sequences. “Stringent hybridization” and “stringent 
hybridization Wash conditions” in the context of nucleic acid 
hybridization experiments such as Southern and northern 
hybridizations are sequence dependent, and are different 
under different environmental parameters. An extensive 
guide to the hybridization of nucleic acids is found in Tijssen 
(1993) Laboratory Techniques in Biochemistry and Molecu 
lar BiologyiHybridization with Nucleic Acid Probes part I 
chapter 2 Overview of principles of hybridization and the 
strategy of nucleic acid probe assays, Elsevier, NeW York. 
Generally, highly stringent hybridization and Wash condi 
tions are selected to be about 5 C loWer than the thermal 
melting point (Tm) for the speci?c sequence at a de?ned 
ionic strength and pH. The Tm is the temperature (under 
de?ned ionic strength and pH) at Which 50% of the target 
sequence hybridizes to a perfectly matched probe. Very 
stringent conditions are selected to be equal to the Tm for a 
particular probe. 

[0043] An example of stringent hybridization conditions 
for hybridization of complementary nucleic acids Which 
have more than 100 complementary residues on a ?lter in a 
Southern or northern blot is 50% formamide With 1 mg of 
heparin at 42 C, With the hybridization being carried out 
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overnight. An example of highly stringent Wash conditions 
is 0.15 M NaCl at 72 C for about 15 minutes. An example 
of stringent Wash conditions is a 0.2><SSC Wash at 65 C for 
15 minutes (see, Sambrook et al. (1989) Molecular Clon 
ingiA Laboratory Manual (2nd ed.) Vol. 1-3, Cold Spring 
Harbor Laboratory, Cold Spring Harbor Press, NY, (Sam 
brook et al.) supra for a description of SSC buffer). Often, 
a high stringency Wash is preceded by a loW stringency Wash 
to remove background probe signal. An example medium 
stringency Wash for a duplex of, e.g., more than 100 nucle 
otides, is 1><SSC at 45 C for 15 minutes. An example loW 
stringency Wash for a duplex of, e.g., more than 100 nucle 
otides, is 4-6><SSC at 40 C for 15 minutes. In general, a 
signal to noise ratio of 2x (or higher) than that observed for 
an unrelated probe in the particular hybridization assay 
indicates detection of a speci?c hybridization. Nucleic acids 
Which do not hybridize to each other under stringent con 
ditions are still substantially identical if the polypeptides 
Which they encode are substantially identical. This occurs, 
e.g., When a copy of a nucleic acid is created using the 
maximum codon degeneracy permitted by the genetic code. 

[0044] In one particularly preferred embodiment, stringent 
conditions are characterized by hybridization in 1 M NaCl, 
10 mM Tris-HCl, pH 8.0, 0.01% Triton X-100, 0.1 mg/ml 
fragmented herring sperm DNA With hybridization at 450 C. 
With rotation at 50 RPM folloWed by Washing ?rst in 0.9 M 
NaCl, 0.06 M NaH2PO4, 0.006 M EDTA, 0.01% Tween-20 
at 450 C. for 1 hr, folloWed by 0.075 M NaCl, 0.005 M 
NaH2PO4, 0.5 mM EDTA at 450 C. for 15 minutes. 

[0045] The terms “identical” or percent “identity,” in the 
context of tWo or more nucleic acids or polypeptide 
sequences, refer to tWo or more sequences or subsequences 
that are the same or have a speci?ed percentage of amino 
acid residues or nucleotides that are the same, When com 
pared and aligned for maximum correspondence, as mea 
sured using one of the folloWing sequence comparison 
algorithms or by visual inspection. 

[0046] The phrase “substantially identical,” in the context 
of tWo nucleic acids or polypeptides, refers to tWo or more 
sequences or subsequences that have at least 60%, prefer 
ably 80%, most preferably 90-95% nucleotide or amino acid 
residue identity, When compared and aligned for maximum 
correspondence, as measured using one of the folloWing 
sequence comparison algorithms or by visual inspection. 
Preferably, the substantial identity exists over a region of the 
sequences that is at least about 50 residues in length, more 
preferably over a region of at least about 100 residues, and 
most preferably the sequences are substantially identical 
over at least about 150 residues. In a most preferred embodi 
ment, the sequences are substantially identical over the 
entire length of the coding regions. 
[0047] For sequence comparison, typically one sequence 
acts as a reference sequence, to Which test sequences are 
compared. When using a sequence comparison algorithm, 
test and reference sequences are input into a computer, 
subsequence coordinates are designated, if necessary, and 
sequence algorithm program parameters are designated. The 
sequence comparison algorithm then calculates the percent 
sequence identity for the test sequence(s) relative to the 
reference sequence, based on the designated program 
parameters. 
[0048] Optimal alignment of sequences for comparison 
can be conducted, e.g., by the local homology algorithm of 
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Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the 
homology alignment algorithm of Needleman & Wunsch, J. 
Mol. Biol. 48:443 (1970), by the search for similarity 
method of Pearson & Lipman (1988) Proc. Natl. Acad. Sci. 
USA 85:2444, by computerized implementations of these 
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the 
Wisconsin Genetics Software Package, Genetics Computer 
Group, 575 Science Dr., Madison, Wis.), or by visual 
inspection (see generally Ausubel et al., supra). 
[0049] One example of a useful algorithm is PILEUP. 
PILEUP creates a multiple sequence alignment from a group 
of related sequences using progressive, pairWise alignments 
to shoW relationship and percent sequence identity. It also 
plots a tree or dendogram shoWing the clustering relation 
ships used to create the alignment. PILEUP uses a simpli 
?cation of the progressive alignment method of Feng & 
Doolittle (1987) J. Mol. Evol. 35:351-360. The method used 
is similar to the method described by Higgins & Sharp 
(1989) CABIOS 5: 151-153. The program can align up to 
300 sequences, each of a maximum length of 5,000 nucle 
otides or amino acids. The multiple alignment procedure 
begins With the pairWise alignment of the tWo most similar 
sequences, producing a cluster of tWo aligned sequences. 
This cluster is then aligned to the next most related sequence 
or cluster of aligned sequences. TWo clusters of sequences 
are aligned by a simple extension of the pairWise alignment 
of tWo individual sequences. The ?nal alignment is achieved 
by a series of progressive, pairWise alignments. The program 
is run by designating speci?c sequences and their amino acid 
or nucleotide coordinates for regions of sequence compari 
son and by designating the program parameters. For 
example, a reference sequence can be compared to other test 
sequences to determine the percent sequence identity rela 
tionship using the folloWing parameters: default gap Weight 
(3.00), default gap length Weight (0.10), and Weighted end 
gaps. 

[0050] Another example of algorithm that is suitable for 
determining percent sequence identity and sequence simi 
larity is the BLAST algorithm, Which is described in Alts 
chul et al. (1990) J. Mol. Biol. 215: 403-410. Software for 
performing BLAST analyses is publicly available through 
the National Center for Biotechnology Information (http:// 
WWW.ncbi.nlm.nih.gov/). This algorithm involves ?rst iden 
tifying high scoring sequence pairs (HSPs) by identifying 
short Words of length W in the query sequence, Which either 
match or satisfy some positive-valued threshold score T 
When aligned With a Word of the same length in a database 
sequence. T is referred to as the neighborhood Word score 
threshold (Altschul et al, supra). These initial neighborhood 
Word hits act as seeds for initiating searches to ?nd longer 
HSPs containing them. The Word hits are then extended in 
both directions along each sequence for as far as the cumu 
lative alignment score can be increased. Cumulative scores 
are calculated using, for nucleotide sequences, the param 
eters M (reWard score for a pair of matching residues; 
alWays >0) and N (penalty score for mismatching residues; 
alWays <0). For amino acid sequences, a scoring matrix is 
used to calculate the cumulative score. Extension of the 
Word hits in each direction are halted When: the cumulative 
alignment score falls off by the quantity X from its maxi 
mum achieved value; the cumulative score goes to Zero or 
beloW, due to the accumulation of one or more negative 
scoring residue alignments; or the end of either sequence is 
reached. The BLAST algorithm parameters W, T, and X 
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determine the sensitivity and speed of the alignment. The 
BLASTN program (for nucleotide sequences) uses as 
defaults a Wordlength (W) of 11, an expectation (E) of 10, 
M=5, N=—4, and a comparison of both strands. For amino 
acid sequences, the BLASTP program uses as defaults a 

Wordlength (W) of 3, an expectation (E) of 10, and the 
BLOSUM62 scoring matrix (see Henikolf & Henikolf 
(1989) Proc. Natl. Acad. Sci. USA 89:10915). 

[0051] In addition to calculating percent sequence identity, 
the BLAST algorithm also performs a statistical analysis of 
the similarity betWeen tWo sequences (see, e.g., Karlin & 
Altschul (1993) Proc. Natl. Acad. Sci. USA, 90: 5873-5787). 
One measure of similarity provided by the BLAST algo 
rithm is the smallest sum probability (P(N)), Which provides 
an indication of the probability by Which a match betWeen 
tWo nucleotide or amino acid sequences Would occur by 
chance. For example, a nucleic acid is considered similar to 
a reference sequence if the smallest sum probability in a 
comparison of the test nucleic acid to the reference nucleic 
acid is less than about 0.1, more preferably less than about 
0.01, and most preferably less than about 0.001. 

[0052] The term “biological sample” refers to sample is a 
sample of biological tissue, cells, or ?uid that, in a healthy 
and/or pathological state, contains a nucleic acid or polypep 
tide that is to be detected according to the assays described 
herein. Such samples include, but are not limited to, cultured 
cells, primary cell preparations, sputum, amniotic ?uid, 
blood, tissue or ?ne needle biopsy samples, urine, peritoneal 
?uid, and pleural ?uid, or cells therefrom. Biological 
samples may also include sections of tissues (e.g, froZen 
sections taken for histological purposes). Although the 
sample is typically taken from a human patient, the assays 
can be used to detect MT-SP1 in samples from any mammal, 
such as dogs, cats, sheep, cattle, and pigs, etc. The sample 
may be pretreated as necessary by dilution in an appropriate 
buffer solution or concentrated, if desired. Any of a number 
of standard aqueous buffer solutions, employing one of a 
variety of buffers, such as phosphate, Tris, or the like, at 
physiological pH can be used. 

[0053] The term “test agent” refers to an agent that is to be 
screened in one or more of the assays described herein. The 
agent can be virtually any chemical compound. It can exist 
as a single isolated compound or can be a member of a 

chemical (e.g. combinatorial) library. In a particularly pre 
ferred embodiment, the test agent Will be a small organic 
molecule. 

[0054] The term “effector” molecule refers to one or more 
molecules comprising a “chimeric molecule or chimeric 
moiety” Whose “activity” it is desired to deliver (into, 
adjacent to or in the proximity of) a target cell or cells. The 
activity need not be activity on the cell, but can simply 
provide a property (e.g. detectability by x-rays, elevated 
radiosensitivity, etc.) not normally present at or in the cell. 
The e?fector While often a single molecule also encompases 
multi-molecular entities (e.g. liposomes containing drugs, 
etc.). It is also recognized that one or more anti-MT-SP1 
antibodies may be attached to any e?fector or, conversely, 
one or more e?fectors can be attached to a single MT-SP1 

antibody. 

[0055] The term “anti-cancer” drug is used herein to refer 
to one or a combination of drugs conventionally used to treat 
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cancer. Such drugs are Well known to those of skill in the art 
and include, but are not limited to doxirubicin, vinblastine, 
vincristine, taxol, etc. 

[0056] The term “small organic molecules” refers to mol 
ecules of a siZe comparable to those organic molecules 
generally used in pharmaceuticals. The term excludes bio 
logical macromolecules (e.g., proteins, nucleic acids, etc.). 
Preferred small organic molecules range in siZe up to about 
5000 Da, more preferably up to 2000 Da, and most prefer 
ably up to about 1000 Da. 

[0057] The term “conservative substitution” is used in 
reference to proteins or peptides to re?ect amino acid 
substitutions that do not substantially alter the activity 
(speci?city or binding affinity) of the molecule. Typically 
conservative amino acid substitutions involve substitution 
one amino acid for another amino acid With similar chemical 
properties (eg charge or hydrophobicity). The folloWing six 
groups each contain amino acids that are typical conserva 
tive substitutions for one another: 1) Alanine (A), Serine (S), 
Threonine (T); 2) Aspartic acid (D), Glutamic acid (E); 3) 
Asparagine (N), Glutamine (Q); 4) Arginine (R), Lysine (K); 
5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); 
and 6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0058] FIG. 1 shoWs the nucleotide sequence of the cDNA 
encoding human MT-SP1 (SEQ ID NO: 1) and predicted 
protein sequence (SEQ ID NO: 2). Numbering indicates 
nucleotide or amino acid residue. Amino acids are shoWn in 
single-letter code. The termination codon is shoWn by an 
asterisk (*). The underlined stop codon at nucleotide 10 is in 
frame With the initiating methionine. The KoZak consensus 
sequence (KoZak (1991) J. Cell Biol. 115: 887-903) at the 
start codon is underlined at nucleotide 32. The predicted 
N-glycosylation sites at amino acids 109, 302, 485, and 772 
are underlined. A possible polyadenylation sequence (Nev 
ins (1983) Ann. Rev. Biochem. 52: 441-466) at nucleotide 
3120 is also underlined. The catalytic triad in the serine 
protease domain is highlighted: His656, Asp711 and Ser805. 

[0059] FIG. 2, lane 1 shoWs the PCR products obtained 
using degenerate primers designed from the consensus 
sequences ?anking the catalytic histidine (5' His-primer) and 
the catalytic serine (3' Ser-primer). The products remaining 
betWeen 400 and 550 bp after digestion With BamHI Were 
reampli?ed using the same degenerate primers. The prod 
ucts from this second PCR are shoWn in lane 2. 

[0060] FIG. 3 shoWs the domain structure of human MT 
SP1 compared With the domain structure of hepsin (Leytus 
et al. (1988) Biochemistry 27: 1067-1074) and enteropepti 
dase (Kitamoto et al. (1994) Proc. Natl. Acad. Sci. USA 91: 
7588-7592). SA represents a possible signal anchor, CUB 
represents a repeat ?rst identi?ed in complement compo 
nents C1r and C1 s, the urchin embryonic groWth factor and 
bone morphogenetic protein 1 (Bork and Beckmann (1993) 
J. Mol. Biol. 231: 539-545), L represents loW-density lipo 
protein receptor repeat (Krieger and HerZ (1994) Annu. Rev. 
Biochem. 63: 601-637), SP represents a chymotrypsin fam 
ily serine protease domain (Perona and Craik (1997) J. Biol. 
Chem. 272: 29987-29990), MAM represents a domain 
homologous to members of a family de?ned by meprin, 
protein A5, and the protein tyrosine phosphatase p. (Beck 
mann and Bork (1993) Trends Biochem. Sci. 18: 40-41), and 

Feb. 28, 2008 

MSCR represents a macrophage scavenger receptor cys 
teine-rich motif (Krieger and HerZ (1994) Annu. Rev. Bio 
chem. 63: 601-637). The predicted disul?de linkages are 
shoWn labeled as C-C. 

[0061] FIGS. 4A, 4B, and 4C shoW multiple sequence 
alignments of MT-SP1 structural motifs. L represent loops, 
represent beta sheets, represent alpha helices, and S-S rep 
resent disul?des. FIG. 4A shoWs multiple sequence align 
ment of the serine protease domain of MT-SP1 With human 
trypsinogen B (Emi et al. (1986) Gene 41: 305-310), human 
enterokinase (Kitamoto et al. (1995) Biochemistry 34: 4562 
4568), human hepsin (Leytus et al. (1988) Biochemistry 27: 
1067-1074), human tryptase 2 (Vanderslice et al. (1990) 
Proc. Natl. Acad. Sci. USA 87: 3811-3815), and human 
chymotrypsinogen 13 (Tomita et al. (1989) Biochem. Bio 
phys. Res. Commun. 158: 569-575), using standard chymot 
rypsin numbering. Conserved catalytic and structural resi 
dues described in the text are underlined. FIG. 4B shoWs 
alignment of MT-SP1 LDLR With domains of the LDL 
receptor (Sudhof et al. (1985) Science 228: 815-822). FIG. 
4C shoWs alignment of the CUB domains of MT-SP1 With 
those found in human enterokinase (Kitamoto et al. (1995) 
Biochemistry 34: 4562-4568), human bone morphogenetic 
protein 1 (WoZney et al. (1988) Science 242: 1528-1534), 
and complement component C1R (Leytus et al. (1986) 
Biochemistry 25: 48554863). 

[0062] FIGS. 5A and 5B shoW the tissue distribution of 
MT-SP1 mRNA levels. Northern blots of human poly(A)+ 
RNA from assorted human tissues Was hybridized With 
radiolabeled cDNA probes as described under Materials and 
Methods. The upper panel shoWs hybridization using a 
MT-SP1 1.3 kB cDNA fragment derived from EST clone 
W39209 and exposed overnight. The loWer panel shoWs the 
same blot after being stripped and rehybridiZed With a 
loading standard (FIG. 5A) [3-actin or (FIG. 5B) human 
glyceraldehyde phosphate dehydrogenase (GAPDH) cDNA 
probe exposed for tWo hours. The mobility of RNA siZe 
standards are indicated at the left. 

[0063] FIGS. 6A and 6B shoW activation and puri?cation 
of His-tagged MT-SP1 protease domain. A representative 
experiment is shoWn in (FIG. 6A) and (FIG. 6B). FIG. 6A: 
Activation at 40 C. is monitored using SDS-PAGE. The 
upper band represents inactivated protease domain, and the 
loWer band represents active protease (also veri?ed by 
N-terminal sequencing). FIG. 6B: The activation of the 
protein Was monitored using hexahydrotyrosyl-glycyl-argi 
nyl-paranitroanilide as a synthetic substrate for the protease 
domain. (C) Inactive Ser805 Ala protease domain is cleaved 
With 10 nM activated His-tagged MT-SP1 protease domain 
at 370 C. The speci?c cleavage of active MT-SP1 protease 
domain is required for proper processing at the activation 
site. Active protease domain is shoWn in lane 7 (+), and no 
cleavage of the untreated inactive protease domain is 
observed (lane 8, —). 

DETAILED DESCRIPTION 

[0064] This invention pertains to the discovery of novel 
membrane-type serine proteases Whose inhibition results in 
inhibition of mouse and rat prostate differentiation and the 
retardation of groWth of human PC-3 TRAMP prostatic 
cancer cells. The prototypical protease of this invention is 
referred to herein as membrane-type serine protease 1 (MT 
SP1). 
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[0065] The cloning and characterization of the MT-SPl 
cDNA showed that it encodes a mosaic protein that contains 
a transmembrane signal anchor, tWo CUB domains, four 
LDLR repeats, and a serine protease domain. Northern 
blotting shoWed broad expression of MT-SPl in a variety of 
epithelial tissues With high levels of expression in the human 
gastrointestinal tract and the prostate. In particular MT-SPl 
shoWed signi?cant expression in the endothelium of tumor 
blood vessels 

[0066] The data presented herein indicate that expression 
of the MT-SPl membrane-type serine protease(s) are asso 
ciated With the presence of, or proclivity to, cancer. In 
particular, Without being bound to a theory, it is believed that 
the membrane-type serine protease MT-SPl participates in a 
proteolytic cascade that results in cell groWth and or differ 
entiation. Another structurally similar membrane-type serine 
protease, enteropeptidase (FIG. 3), is involved in a pro 
teolytic cascade by Which activation of trypsinogen leads to 
activation of doWnstream intestinal proteases (Huber and 
Bode (1978) Acc. Chem. Res. 11: 114-122). Enteropeptidase 
is expressed only in the enterocytes of the proximal small 
intestine thus precisely restricting activation of trypsinogen. 
Thus, in contrast to secreted proteases that may di?‘use 
throughout the organism, the membrane association of MT 
SP1 alloWs the proteolytic activity to be precisely localiZed, 
Which may is important for proper physiological function. 
Improper localiZation of the enZyme or levels of doWn 
stream substrates could lead to disease. 

[0067] We have found subcutaneous coinjection of PC-3 
cells With Wild-type ecotin or ecotin M84R/M85R led to a 
decrease in the primary tumor siZe compared to animals in 
Whom PC-3 cells and saline Were injected. Since Wild-type 
ecotin is a poor, micromolar inhibitor of uPA, serine pro 
teases other than uPA (e.g., an MT-SPl) are believed to be 
involved in this primary tumor proliferation. Both Wild-type 
ecotin and ecotin M84R/M85R are potent, subnanomolar 
inhibitors of MT-SPl, strongly suggesting that MT-SPl 
plays an important role in progression of epithelial cancers 
expressing this protease. 

[0068] In addition, MT-SPl is associated With tumors (e.g. 
is a good tumor marker). In particular, immunohistochemi 
cal examination of gastric cancer tissue revealed MT-SPl 
expression in cancer cells, endothelial cells and some leu 
kocytes. In these tissues, endothelial cells shoWed especially 
intensive MT-SPl immunoreactivity indicating that MT-SPl 
might play an important role in vascular cells particularly in 
angiogenesis of tumor and tumor-related blood vessels. 

[0069] In addition, overall survival for groups of gastric 
carcinoma patients With highly MT-SPl expressing endot 
helium revealed poor prognosis compared to those With loW 
or no MT-SPl. Higher MT-SPl expression in endothelium 
Was signi?cantly associated With loWer survival rate. 

[0070] MT-SPl thus appears to be a good diagnostic, 
prognostic, or therapeutic target. In one embodiment, this 
invention therefore provides methods of screening for (eg 
diagnosing) the presence or absence of a cancer by detecting 
the level of MT-SPl expression and/or activity. In a particu 
larly preferred embodiment this invention provides methods 
of screening for (eg diagnosing) the presence of a meta 
static cell. 

[0071] In another embodiment, this invention provides 
prognostic methods, e.g., methods of estimating length of 
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survival of a cancer patient, or evaluating the severity of 
disease or the likelihood of disease recurrence in a cancer 

patient. These methods also involve determining the level of 
MT-SPl expression and/ or activity, Where higher expression 
levels indicate greater disease severity, poorer outcome or 
greater likelihood of disease recurrence. 

[0072] MT-SPl also provides a convenient diagnostic tag 
for localiZing a tumor or cancer cell. This involves providing 
anti-MT-SPl antibodies attached to a detectable tag (e.g. 
radioactive or radiopaque tage). The labeled MT-SPl anti 
body Will localiZe on the surface of tumor cells expressing 
MT-SPl and detection of the tag provides an indication for 
the presence, locality, and siZe of the cancer. 

[0073] Having identi?ed a novel protease involved With 
the etiology of cancers, particularly invasive cancers, the 
MT-SPl DNA, mRNA, and protein product provide good 
targets for the action of putative modulators. This invention 
thus, also provides methods of screening for modulators of 
MT-SPl expression and/ or activity. In addition simple bind 
ing assays can be used to identify agents (eg small organic 
molecules, antisense molecules, riboZymes, antibodies, etc.) 
that interact speci?cally With the MT-SPl nucleic acids 
and/or proteins. Screening agents for such speci?c binders 
identi?es putative agents likely to modulate MT-SPl expres 
sion and/or activity. Collections of such agents provide 
“biases” molecular libraries that are useful candidates for a 
variety of screening systems. 

[0074] The localiZation of MT-SPl in tumors, and in 
particular, on vascular endothelial cells associated With 
tumors provides a convenient method for speci?cally deliv 
ering an effector (eg an effector molecule) to such cells. 
The method involves attaching one or more molecules that 
speci?cally bind to MT-SPl (eg an anti-MT-SPl antibody) 
to the effector it is desired to deliver and administering the 
composition to the subject (e.g. intraperioneally, intrave 
nously, direct injection into tumor site, etc.). The chimeric 
antibody-effector composition Will localiZe at the tumor site 
or on cells (e.g. tumor or metastatic cells expressing MT 

SP1). 
[0075] This invention also provides MT-SPl nucleic acids 
and isolated (e.g. recombinantly expressed) proteins. Such 
isolated proteins are useful speci?c proteases in their oWn 
right. In addition they can be used to help “dissect” meta 
bolic pathWays and/or can be used as effective immunogens 
to raise anti-MT-SPl antibodies. 

I. Nucleic Acids Encoding Membrane-Type Serine Pro 
teases. 

[0076] Using the information provided herein, (e.g. MT 
SP1 cDNA sequence, primers, etc.) the nucleic acids (e.g., 
encoding full length MT-SPl or MT-SPl proteolytic domain 
or other subsequences of the MT-SPl cDNA, genomic 
DNA, mRNA, etc). are prepared using standard methods 
Well knoWn to those of skill in the art. For example, the 
MT-SPl nucleic acid(s) may be cloned, or ampli?ed by in 
vitro methods, such as the polymerase chain reaction (PCR), 
the ligase chain reaction (LCR), the transcription-based 
ampli?cation system (TAS), the self-sustained sequence 
replication system (SSR), etc. AWide variety of cloning and 
in vitro ampli?cation methodologies are Well-knoWn to 
persons of skill. Examples of these techniques and instruc 
tions suf?cient to direct persons of skill through many 
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cloning exercises are found in Berger and Kimmel, Guide to 
Molecular Cloning Techniques, Methods in Enzymology 152 
Academic Press, Inc., San Diego, Calif. (Berger); Sambrook 
et al. (1989) Molecular CloningiA Laboratory Manual 
(2nd ed.) Vol. 1-3, Cold Spring Harbor Laboratory, Cold 
Spring Harbor Press, NY, (Sambrook et al.); Current Pro 
tocols in Molecular Biology, F. M. Ausubel et al., eds., 
Current Protocols, a joint venture betWeen Greene Publish 
ing Associates, Inc. and John Wiley & Sons, Inc., (1994 
Supplement) (Ausubel); Cashion et al., US. Pat. No. 5,017, 
478; and Carr, European Patent No. 0,246,864. Examples of 
techniques suf?cient to direct persons of skill through in 
vitro ampli?cation methods are found in Berger, Sambrook, 
and Ausubel, as Well as Mullis et al., (1987) US. Pat. No. 
4,683,202; PCR Protocols A Guide to Methods and Appli 
cations (Innis et al. eds) Academic Press Inc. San Diego, 
Calif. (1990) (Innis); Amheim & Levinson (Oct. 1, 1990) 
C&EN 36-47; The Journal Of NIH Research (1991) 3: 
81-94; (KWoh et al. (1989) Proc. Natl. Acad. Sci. USA 86: 
1173; Guatelli et al. (1990) Proc. Natl. Acad. Sci. USA 87, 
1874; Lomell et al. (1989) J. Clin. Chem, 35:1826; Lande 
gren et al., (1988) Science, 241: 1077-1080; Van Brunt 
(1990) Biotechnology, 8: 291-294; Wu and Wallace, (1989) 
Gene, 4: 560; and Barringer et al. (1990) Gene, 89: 117. 

[0077] The isolation and expression of an MT-SP1 nucleic 
acid is illustrated in Example 1. In one preferred embodi 
ment, the MT-SP1 cDNA can be isolated by routine cloning 
methods. The cDNA sequence provided in SEQ ID NO: 1 
can be used to provide probes that speci?cally hybridize to 
the MT-SP1 gene, in a genomic DNA sample, or to the 
MT-SP1 mRNA, in a total RNA sample (e.g., in a Southern 
blot). Once the target MT-SP1 nucleic acid is identi?ed (e.g., 
in a Southern blot), it can be isolated according to standard 
methods knoWn to those of skill in the art (see, e.g., 
Sambrook et al. (1989) Molecular Cloning: A Laboratory 
Manual, 2nd Ed, Vols. 1-3, Cold Spring Harbor Laboratory; 
Berger and Kimmel (1987) Methods in Enzymology, Vol. 
152: Guide to Molecular Cloning Techniques, San Diego: 
Academic Press, Inc.; or Ausubel et al. (1987) Current 
Protocols in Molecular Biology, Greene Publishing and 
Wiley-Interscience, NeW York). Methods of screening 
human cDNA libraries for the MT-SP1 are provided in 
Example 1. 

[0078] In another preferred embodiment, the human MT 
SP1 cDNA can be isolated by ampli?cation methods such as 
polymerase chain reaction (PCR). In a preferred embodi 
ment, the MT-SP1 sequence is ampli?ed from a cDNA 
sample (e.g., double stranded placental cDNA (Clontech)) 
using the primers routinely derived from the sequence 
illustrated in FIG. 1 (SEQ. ID NO: 1). Preferred primers are 
primer 1, nucleotides 37-54 of SEQ ID NO: 1) and primer 
2, nucleotides 2604-2583 of the complement of SEQ ID NO: 
1. Preferred ampli?cation conditions include 30 cycles of 1 
minute denaturing at 94° C., 1 minute annealing at 54° C., 
3 minutes of extension at 72° C., folloWed by a ?nal 15 
minute extension at 72° C. Preferred template includes full 
length PCIII cDNA. 

[0079] Where the MT-SP1 gDNA, cDNA, mRNA or their 
subsequences are to be used as nucleic acid probes, it is often 
desirable to label the nucleic acids With detectable labels. 
The labels may be incorporated by any of a number of means 
Well knoWn to those of skill in the art. HoWever, in one 
preferred embodiment, the label is simultaneously incorpo 
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rated during the ampli?cation step in the preparation of the 
sample nucleic acids. Thus, for example, polymerase chain 
reaction (PCR) With labeled primers or labeled nucleotides 
Will provide a labeled ampli?cation product. In another 
preferred embodiment, transcription ampli?cation using a 
labeled nucleotide (e.g. ?uorescein-labeled UTP and/or 
CTP) incorporates a label into the transcribed nucleic acids. 

[0080] Alternatively, a label may be added directly to an 
original nucleic acid sample (e.g., mRNA, polyA mRNA, 
cDNA, etc.) or to the ampli?cation product after the ampli 
?cation is completed. Means of attaching labels to nucleic 
acids are Well knoWn to those of skill in the art and include, 
for example nick translation or end-labeling (eg with a 
labeled RNA) by kinasing of the nucleic acid and subse 
quent attachment (ligation) of a nucleic acid linker joining 
the sample nucleic acid to a label (e.g., a ?uorophore). 
Suitable labels are described beloW. 

II. Cloning and Expression of Membrane-Type Serine Pro 
teases. 

[0081] It is often desirable to provide isolated membrane 
type serine proteases of this invention (e.g., MT-SP1). These 
polypeptides can be used to raise an immune response and 
thereby generate antibodies speci?c to the intact MT-SP1 or 
to various subsequences or domains thereof. As explained 
beloW, the MT-SP1 polypeptides and various fragments 
thereof can be conveniently produced using synthetic chemi 
cal syntheses or recombinant expression methodologies. In 
addition to the intact full-length MT-SP1 polypeptide, in 
some embodiments, it is often desirably to express immu 
nogenically relevant fragments (e.g. fragments that can be 
used to raise speci?c anti-MT-SP1 antibodies). In other 
preferred embodiments, the protein is expressed as an inac 
tive form (a Zymogen or pro-enzyme) that is activated, eg 
via autocleavage, or alternatively, the enzymatic (pro 
teolytic) domain can be expressed alone. 

[0082] A) De Novo Chemical Synthesis. 

[0083] The MT-SP1 serine protease precursors, the cata 
lytic domain (active protease), or other subsequences of the 
MT-SP1 polypeptide(s) may be synthesiZed using standard 
chemical peptide synthesis techniques. Where the desired 
subsequences are relatively short (e.g., When a particular 
antigenic determinant is desired) the molecule may be 
synthesiZed as a single contiguous polypeptide. Where 
larger molecules are desired, subsequences can be synthe 
siZed separately (in one or more units) and then fused by 
condensation of the amino terminus of one molecule With 
the carboxyl terminus of the other molecule thereby forming 
a peptide bond. 

[0084] Solid phase synthesis in Which the C-terminal 
amino acid of the sequence is attached to an insoluble 
support folloWed by sequential addition of the remaining 
amino acids in the sequence is the preferred method for the 
chemical synthesis of the polypeptides of this invention. 
Techniques for solid phase synthesis are described by 
Barany and Merri?eld, Solid-Phase Peptide Synthesis; pp. 
3-284 in The Peptides: Analysis, Synthesis, Biology. Vol. 2: 
Special Methods in Peptide Synthesis, PartA., Merri?eld, et 
al. (1963) J. Am. Chem. Soc., 85: 2149-2156, and SteWart et 
al. (1984) Solid Phase Peptide Synthesis, 2nd ed. Pierce 
Chem. Co., Rockford, Ill. 
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[0085] B) Recombinant Expression. 

[0086] In a preferred embodiment, the MT-SPl proteins or 
subsequences thereof (eg proteolytic domain), are synthe 
sized using recombinant expression systems. Generally this 
involves creating a DNA sequence that encodes the desired 
protein, placing the DNA in an expression cassette under the 
control of a particular promoter, expressing the protein in a 
host, isolating the expressed protein and, if required, rena 
turing the protein. 

[0087] DNA encoding the MT-SPl proteins described 
herein can be prepared by any suitable method as described 
above, including, for example, cloning and restriction of 
appropriate sequences or direct chemical synthesis by meth 
ods such as the phosphotriester method of Narang et al. 
(1979) Meth. Enzymol. 68: 90-99; the phosphodiester 
method of BroWn et al. (1979) Meth. Enzymol. 68: 109-151; 
the diethylphosphoramidite method of Beaucage et al. 
(1981) Tetra. Lett, 22: 1859-1862; and the solid support 
method of US. Pat. No. 4,458,066. 

[0088] Chemical synthesis produces a single stranded oli 
gonucleotide. This may be converted into double stranded 
DNA by hybridization With a complementary sequence, or 
by polymeriZation With a DNA polymerase using the single 
strand as a template. One of skill Would recogniZe that While 
chemical synthesis of DNA is limited to sequences of about 
100 bases, longer sequences may be obtained by the ligation 
of shorter sequences. 

[0089] Alternatively, subsequences may be cloned and the 
appropriate subsequences cleaved using appropriate restric 
tion enZymes. The fragments may then be ligated to produce 
the desired DNA sequence. 

[0090] In one embodiment, the MT-SPl nucleic acids of 
this invention can be cloned using DNA ampli?cation meth 
ods such as polymerase chain reaction (PCR) (see, e.g., 
Example 1). Thus, for example, the nucleic acid sequence or 
subsequence is PCR ampli?ed, using a sense primer con 
taining one restriction site (e.g., NdeI) and an antisense 
primer containing another restriction site (e.g., HindIII). 
This Will produce a nucleic acid encoding the desired 
MT-SPl sequence or subsequence and having terminal 
restriction sites. This nucleic acid can then be easily ligated 
into a vector containing a nucleic acid encoding the second 
molecule and having the appropriate corresponding restric 
tion sites. Suitable PCR primers can be determined by one 
of skill in the art using the sequence information provided in 
SEQ ID NOs:1 and 2 and representative primers are pro 
vided herein. Appropriate restriction sites can also be added 
to the nucleic acid encoding the MT-SPl protein or protein 
subsequence by site-directed mutagenesis. The plasmid con 
taining the MT-SPl sequence or subsequence is cleaved With 
the appropriate restriction endonuclease and then ligated 
into the vector encoding the second molecule according to 
standard methods. 

[0091] The nucleic acid sequences encoding MT-SPl pro 
teins or protein subsequences may be expressed in a variety 
of host cells, including E. coli, other bacterial hosts, yeast, 
and various higher eukaryotic cells such as the COS, CHO 
and HeLa cells lines and myeloma cell lines. The recombi 
nant protein gene Will be operably linked to appropriate 
expression control sequences for each host. For E. coli this 
includes a promoter such as the T7, trp, or lambda promot 
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ers, a ribosome binding site and preferably a transcription 
termination signal. For eukaryotic cells, the control 
sequences Will include a promoter and often an enhancer 
(e.g., an enhancer derived from immunoglobulin genes, 
SV40, cytomegalovirus, etc.), and a polyadenylation 
sequence, and may include splice donor and acceptor 
sequences. 

[0092] The plasmids of the invention can be transferred 
into the chosen host cell by Well-knoWn methods such as 
calcium chloride transformation for E. coli and calcium 
phosphate treatment or electroporation for mammalian cells. 
Cells transformed by the plasmids can be selected by 
resistance to antibiotics conferred by genes contained on the 
plasmids, such as the amp, gpt, neo and hyg genes. 

[0093] Once expressed, the recombinant MT-SPl pro 
tein(s) can be puri?ed according to standard procedures of 
the art, including ammonium sulfate precipitation, a?inity 
columns, column chromatography, gel electrophoresis and 
the like (see, generally, R. Scopes, (1982) Protein Purifica 
tion, Springer-Verlag, N.Y.; Deutscher (1990) Methods in 
Enzymology Vol. 182: Guide to Protein Puri?cation, Aca 
demic Press, Inc. NY.) Substantially pure compositions of 
at least about 90 to 95% homogeneity are preferred, and 98 
to 99% or more homogeneity are most preferred. Once 
puri?ed, partially or to homogeneity as desired, the polypep 
tides may then be used (e.g., as immunogens for antibody 
production). The cloning and expression of a MT-SPl 
polypeptides is illustrated in Example 1. 

[0094] In a preferred embodiment, the MT-SPl nucleic 
acid(s) are transformed into E. coli X-90 to afford high-level 
expression of recombinant protease gene products (Evnin et 
al. (1990) Proc. Natl. Acad. Sci. USA 87, 6659-6663). 
Expression and puri?cation of the recombinant enZyme from 
solubiliZed inclusion bodies is performed according to the 
method of Unal et al. (1997) J. Vli’Ol. 71, 7030-7038. 

[0095] One of skill in the art Would recogniZe that after 
chemical synthesis, biological expression, or puri?cation, 
the MT-SPl protein(s) may possess a conformation substan 
tially different than the native conformations of the constitu 
ent polypeptides. In this case, it may be necessary to 
denature and reduce the polypeptide and then to cause the 
polypeptide to re-fold into the preferred conformation. 
Methods of reducing and denaturing proteins and inducing 
re-folding are Well knoWn to those of skill in the art (see, 
e.g., Debinski et al. (1993) J. Biol. Chem., 268: 14065 
14070; Kreitman and Pastan (1993) Bioconjug. Chem., 4: 
581-585; and Buchner, et al., (1992) Anal. Biochem., 205: 
263-270). Debinski et al., for example, describes the dena 
turation and reduction of inclusion body proteins in guani 
dine-DTE. The protein is then refolded in a redox buffer 
containing oxidiZed glutathione and L-arginine. 

[0096] One of skill Would recogniZe that modi?cations can 
be made to the MT-SPl proteins Without diminishing their 
biological activity. Some modi?cations may be made to 
facilitate the cloning, expression, or incorporation of the 
targeting molecule into a fusion protein. Such modi?cations 
are Well knoWn to those of skill in the art and include, for 
example, a methionine added at the amino terminus to 
provide an initiation site, or additional amino acids (e.g., 
poly His) placed on either terminus to create conveniently 
located restriction sites or termination codons or puri?cation 
sequences. 
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III. Diagnostics/PrognosticsiAssays of Membrane-Type 
Serine Protease Level or Activity. 

[0097] A) Diagnostic Applications. 
[0098] MT-SPl provides an effective marker for the detec 
tion/diagnosis of a Wide variety of cancers. Diagnosis of 
disease based on measured levels of MT-SPl can be made 
by comparison to levels measured in a disease-free control 
group or background levels measured in a particular patient. 
The diagnosis can be con?rmed by correlation of the assay 
results With other signs of disease knoWn to those skilled in 
the clinical arts, such as the diagnostic standards for breast 
cancer, gastric cancer, prostate cancer, etc. Because in 
certain instances serum MT-SPl may stem from sources 

other than the tissue of interest, in certain embodiments, a 
sample is preferably taken from the tissue of interest. 
HoWever, as described beloW, in many instances basic 
differential diagnosis alloWs identi?cation of the pathology 
resulting in elevated serum MT-SPl. 

[0099] Particularly for the diagnosis and monitoring of 
cancers (e.g., tumor metastasis), the preferred source for the 
assay sample Will be blood or blood products (eg plasma 
and/or serum) and/or tissue biopsies. Those of ordinary skill 
in the art Will be able to readily determine Which assay 
sample source is most appropriate for use in diagnosis of a 
particular disease for Which MT-SPl is a marker. 

[0100] The levels of MT-SPl that are indicative of the 
development or amelioration of a particular cancer by dis 
ease and, to a lesser extent, by patient. Appropriate back 
ground MT-SPl levels in particular tissues, pathologies, and 
patients or patient populations or control populations can be 
determined by routine screening according to standard meth 
ods Well knoWn to those of skill in the art. 

[0101] For purposes of diagnosing the onset, progression, 
or amelioration of disease, variations in the levels of MT 
SPl of interest Will be those which differ by a statistically 
signi?cant level from the normal (i.e., healthy) population or 
from the level measured in the same individual at a different 
time, and Which correlate to other clinical signs of disease 
occurrence and/or prognosis and/or amelioration knoWn to 
those skilled in the clinical art pertaining to the disease of 
interest. 

[0102] Thus, in general, any diagnosis or prognosis indi 
cated by MT-SPl measurements made according to the 
methods of the invention Will be independently con?rmed 
With reference to clinical manifestations of disease knoWn to 
practitioners of ordinary skill in the clinical arts. 

[0103] B) Prognostic Applications. 

[0104] In prognostic applications, MT-SPl levels are 
evaluated to estimate the risk of recurrence of a cancer and 
thereby provide information that facilitates the selection of 
treatment regimen. Without being bound to a particular 
theory, it is believed that tumors are heterogeneous (even 
Within a particular tumor type, eg colorectal cancer) With 
respect to elevated expression of MT-SPl. Those tumor 
types resulting in elevated levels of MT-SPl also shoW a 
high likelihood of recurrence, eg after removal of a primary 
tumor. Thus, measurement of MT-SPl levels (before, during 
[ie in blood or tissues removed during surgery], or after 
primary tumor removal) provides a prognostic indication of 
the likelihood of tumor recurrence. Where pathologies shoW 
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elevated MT-SPl levels (eg as compared to those in normal 
healthy subjects) more aggressive adjunct therapies (e.g. 
chemotherapy and/ or radiotherapy) may be indicated. 

[0105] By Way of further example, in gastric cancer stages 
III, IV, patients (n=30) With an MT-SP LI of 40% or higher 
had a signi?cantly loWer survival rate than those (n=ll) 
Without MT-SPl expression in vascular cells of cancer 
tissues. In addition, overall survival for groups of gastric 
carcinoma patients With highly MT-SPl expressing endot 
helium revealed poor prognosis compared to those With loW 
or no MT-SPl. Higher MT-SPl expression in endothelium 
Was signi?cantly associated With loWer survival rate indi 
cating that MT-SPl expression in endothelium around can 
cer cells is an important prognostic factor in gastric cancer. 

[0106] C) Evaluation of Treatment E?‘icacy. 

[0107] The MT-SPl markers of this invention can also be 
used to evaluate treatment ef?cacy (e.g. amelioration of one 
or more symptoms of a cancer). Where the amelioration of 
a disease (such as cancer) can be related to reduction in 
levels of MT-SPl, MT-SPl levels in a biological assay 
sample taken from the patient (e.g., blood) can be measured 
before (for background) and during or after (e.g., at a 
designated time, periodically or randomly) the course of 
treatment. Because reductions in MT-SPl levels may be 
transient, the assay Will preferably be performed at regular 
intervals, (e.g., every 4 Weeks, every 6 months, every year, 
etc.) closely before and after each treatment. Depending on 
the course of treatment, tumor load and other clinical 
variables, clinicians of ordinary skill in the art Will be able 
to determine an appropriate schedule for performing the 
assay for diagnostic or disease/treatment monitoring pur 
poses. 

[0108] Such monitoring methods can provide useful infor 
mation to guide a therapeutic regimen in a variety of 
contexts as explained beloW. 

[0109] 
[0110] In one embodiment, MT-SPl is monitored simply 
to check for the possible recurrence of a cancer after the 
primary tumor has been removed. This method generally 
involves obtaining a biological sample from a cancer patient 
folloWing removal of a primary tumor; and measuring the 
level of MT-SPl in the sample. An elevated MT-SPl level 
(eg as compared to the MT-SPl level in normal healthy 
humans) indicates a possible recurrence of a cancer. Where 
patients have elevated MT-SPl levels at the time of surgery, 
the subsequent MT-SPl monitoring is most informative after 
a period of time suf?cient to permit MT-SPl levels to return 
to normal (eg about 34 Weeks after surgery). Of course, 
monitoring can be performed earlier to initiate tracking of 
changes in MT-SPl levels. Where the patient does not have 
an elevation in MT-SPl at the time of surgery increased 
MT-SPl levels at any time after surgery indicate possible 
recurrence of the cancer. Elevated levels can be evaluated 
relative to levels in normal healthy people, or relative to 
MT-SPl baseline levels determined for the particular patient 
(e.g., prior to, during, or immediately after surgery). 

1) Checking for Recurrence of a Cancer. 

[0111] 2) Monitoring of Terminal Phase Patients. 

[0112] In another embodiment, MT-SPl monitoring can 
be used to monitor the effectiveness of cancer treatment in 
patients With elevated MT-SPl. Such monitoring is particu 








































































































































