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(57) ABSTRACT 
The present invention relates to compositions and methods 
for detecting cancer (e.g., prostate cancer) and for inhibiting 
metastasis (e.g., associated with prostate cancer). In particu 
lar, the present invention provides methods of detecting 
Vimentin expression and secretion and for characterizing 
cancer (e.g., prostate cancer). In addition, the present inven 
tion provides methods for inhibiting metastasis (e.g., of 
prostate cancer) via altering (e.g., inhibiting) vimentin 
expression and/or activity. 
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FIGURE 1 
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FIGURE 2 
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COMPOSITIONS AND METHODS FOR 
DETECTING CANCER AND FOR INHIBITING 

METASTATS 

0001. This invention claims priority to U.S. Provisional 
Patent Application No. 60/738.299 filed Nov. 18, 2005, 
hereby incorporated by reference in its entirety. 
0002 This invention was made with government support 
under grant CA069568 awarded by NIH Specialized Pro 
grams of Research Excellence (SPORE) in Prostate Cancer. 
The government has certain rights in the invention. 

FIELD OF THE INVENTION 

0003. The present invention relates to compositions and 
methods for detecting cancer (e.g., prostate cancer) and for 
inhibiting metastasis (e.g., associated with prostate cancer). 
In particular, the present invention provides methods of 
detecting vimentin expression and secretion and for charac 
terizing prostate cancer. In addition, the present invention 
provides methods for inhibiting metastasis (e.g., of prostate 
cancer) via altering (e.g., inhibiting) vimentin expression 
and/or activity. 

BACKGROUND OF THE INVENTION 

0004 Afflicting one out of nine men overage 65, prostate 
cancer (PCA) is a leading cause of male cancer-related 
death, second only to lung cancer (Abate-Shen and Shen, 
Genes Dev 14:2410 (2000); Ruijter et al., Endocr Rev. 20:22 
(1999)). 
0005 Prostate cancer is typically diagnosed with a digital 
rectal exam and/or prostate specific antigen (PSA) screen 
ing. An elevated serum PSA level can-indicate the presence 
of PCA. PSA is used as a marker for prostate cancer because 
it is secreted only by prostate cells. A healthy prostate will 
produce a stable amount—typically below 4 nanograms per 
milliliter, or a PSA reading of “4” or less—whereas cancer 
cells produce escalating amounts that correspond with the 
severity of the cancer. A level between 4 and 10 may raise 
a doctor's Suspicion that a patient has prostate cancer, while 
amounts above 50 may show that the tumor has spread 
elsewhere in the body. 
0006 When PSA or digital tests indicate a strong likeli 
hood that cancer is present, a transrectal ultrasound (TRUS) 
is used to map the prostate and show any suspicious areas. 
Biopsies of various sectors of the prostate are used to 
determine if prostate cancer is present. Treatment options 
depend on the stage of the cancer. Men with a 10-year life 
expectancy or less who have a low Gleason number and 
whose tumor has not spread beyond the prostate are often 
treated with watchful waiting (no treatment). Treatment 
options for more aggressive cancers include Surgical treat 
ments such as radical prostatectomy (RP), in which the 
prostate is completely removed (with or without nerve 
sparing techniques) and radiation, applied through an exter 
nal beam that directs the dose to the prostate from outside 
the body or via low-dose radioactive seeds that are 
implanted within the prostate to kill cancer cells locally. 
Anti-androgen hormone therapy is also used, alone or in 
conjunction with Surgery or radiation. Hormone therapy 
uses luteinizing hormone-releasing hormones (LH-RH) ana 
logs, which block the pituitary from producing hormones 
that stimulate testosterone production. Patients must have 
injections of LH-RH analogs for the rest of their lives. 
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0007 While surgical and hormonal treatments are often 
effective for localized PCA, advanced disease remains 
essentially incurable. Androgen ablation is the most com 
mon therapy for advanced PCA, leading to massive apop 
tosis of androgen-dependent malignant cells and temporary 
tumor regression. In most cases, however, the tumor 
reemerges with a vengeance and can proliferate independent 
of androgen signals. 
0008. The advent of prostate specific antigen (PSA) 
screening has led to earlier detection of PCA and signifi 
cantly reduced PCA-associated fatalities. However, the 
impact of PSA screening on cancer-specific mortality is still 
unknown pending the results of prospective randomized 
screening studies (Etzioni et al., J. Natl. Cancer Inst., 
91:1033 (1999); Maattanen et al., Br. J. Cancer 79:1210 
(1999); Schroder et al., J. Natl. Cancer Inst., 90:1817 
(1998)). A major limitation of the serum PSA test is a lack 
of prostate cancer sensitivity and specificity especially in the 
intermediate range of PSA detection (4-10 ng/ml). Elevated 
serum PSA levels are often detected in patients with non 
malignant conditions such as benign prostatic hyperplasia 
(BPH) and prostatitis, and provide little information about 
the aggressiveness of the cancer detected. Coincident with 
increased serum PSA testing, there has been a dramatic 
increase in the number of prostate needle biopsies performed 
(Jacobsen et al., JAMA 274: 1445 (1995)). This has resulted 
in a Surge of equivocal prostate needle biopsies (Epstein and 
Potter J. Urol., 166:402 (2001)). Thus, development of 
additional biomarkers (e.g., tissue or body-fluid) to supple 
ment PSA screening is needed. Furthermore, new treatments 
are needed in order to prevent the growth and spread (e.g., 
metastasis) of prostate cancer. 

DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 shows a comparison of vimentin expression 
and secretion in highly invasive prostate cancer cell lines 
treated and untreated with monensin. The V9 monoclonal 
anti-vimentin antibody (See, e.g., Mor-Vaknin et al., (2002) 
Nature Cell Biology, 5(1):59-63) was used to detect vimen 
tin in a western blot assay. The first four lanes are untreated, 
and the next four lanes are treated with monensin. Lane 1 is 
PC-3 cell lysate, lane 2 is LN4 cell lysate, and lanes 3 and 
4 are the corresponding Supernatants. The order is repeated 
in lanes 5-8. The absence of vimentin in the supernatants of 
the cells treated with monensin indicates that vimentin is 
secreted from aggressive prostate cancer cells through the 
Golgi apparatus. There are two dominant forms of Secreted 
vimentin, ~60 kD and ~45 kD, and the smaller form is 
preferentially secreted (Mor-Vaknin et al., (2002) Nature 
Cell Biology, 5(1):59-63; Xu et al., (2004). Mol Cell Biol, 
24(20): 9198-206). (L=lysate, S=Supernatant). 
0010 FIG. 2 shows anti-vimentin antibodies inhibit the 
migration of prostate cancer cells. LN4 cells were placed in 
BD Biocoat Migration Chambers and migration was assayed 
after 48 hours using Epidermal Growth Factor 1 (EGF-1) as 
a chemoattractant. Wells were treated with either anti 
Vimentin monoclonal antibody, control mouse IgG, poly 
clonal antibody or control goat serum. Blockade with anti 
Vimentin antibody reduced the number of cells migrating 
through the 8 micron pore size PET 

DEFINITIONS 

0011. As used herein, the term “immunoglobulin' or 
“antibody' refer to proteins that bind a specific antigen. 
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Immunoglobulins include, but are not limited to, polyclonal, 
monoclonal, chimeric, and humanized antibodies, Fab frag 
ments, F(ab')2 fragments, and includes immunoglobulins of 
the following classes: IgG, IgA, IgM, Ig), IbE, and Secreted 
immunoglobulins (SIg). Immunoglobulins generally com 
prise two identical heavy chains and two light chains. 
However, the terms “antibody” and “immunoglobulin' also 
encompass single chain antibodies and two chain antibodies. 
0012. As used herein, the term “antigen binding protein’ 
refers to proteins that bind to a specific antigen. “Antigen 
binding proteins' include, but are not limited to, immuno 
globulins, including polyclonal, monoclonal, chimeric, and 
humanized antibodies: Fab fragments, F(ab') fragments, 
and Fab expression libraries; and single chain antibodies. 
0013 The term “epitope” as used herein refers to that 
portion of an antigen that makes contact with a particular 
immunoglobulin. 

0014 When a protein or fragment of a protein is used to 
immunize a host animal, numerous regions of the protein 
may induce the production of antibodies which bind spe 
cifically to a given region or three-dimensional structure on 
the protein; these regions or structures are referred to as 
'antigenic determinants'. An antigenic determinant may 
compete with the intact antigen (i.e., the “immunogen used 
to elicit the immune response) for binding to an antibody. 
0.015 The terms “specific binding or “specifically bind 
ing” when used in reference to the interaction of an antibody 
and a protein or peptide means that the interaction is 
dependent upon the presence of a particular structure (i.e., 
the antigenic determinant or epitope) on the protein; in other 
words the antibody is recognizing and binding to a specific 
protein structure rather than to proteins in general. For 
example, if an antibody is specific for epitope “A,” the 
presence of a protein containing epitope A (or free, unla 
belled A) in a reaction containing labeled “A” and the 
antibody will reduce the amount of labeled A bound to the 
antibody. 

0016. As used herein, the terms “non-specific binding 
and “background binding when used in reference to the 
interaction of an antibody and a protein or peptide refer to 
an interaction that is not dependent on the presence of a 
particular structure (i.e., the antibody is binding to proteins 
in general rather that a particular structure Such as an 
epitope). 

0017. As used herein, the term “specifically binding to 
vimentin with low background binding refers to an anti 
body that binds specifically to vimentin protein (e.g., in an 
immunohistochemistry assay) but not to other proteins (e.g., 
lack of non-specific binding). 

0018. As used herein, the term “subject” refers to any 
animal (e.g., a mammal), including, but not limited to, 
humans, non-human primates, rodents, and the like, which is 
to be the recipient of a particular treatment. Typically, the 
terms “subject' and “patient” are used interchangeably 
herein in reference to a human Subject, unless indicated 
otherwise. 

0019. As used herein, the terms "epithelial tissue' or 
“epithelium” refer to the cellular covering of internal and 
external Surfaces of the body, including the lining of vessels 
and other Small cavities. It consists of cells joined by Small 
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amounts of cementing Substances. Epithelium is classified 
into types on the basis of the number of layers deep and the 
shape of the superficial cells. 
0020. As used herein, the term “normal epithelium of 
prostate or colon” refers to prostate or colon epithelium that 
does not show any detectable indication of cancerous or 
pre-cancerous conditions. 
0021. As used herein, the term “cancerous epithelium of 
prostate or colon” refers to prostate or colon epithelium that 
shows a detectable indication of cancerous or pre-cancerous 
conditions. 

0022. As used herein, the term “subject suspected of 
having cancer” refers to a subject that presents one or more 
symptoms indicative of a cancer (e.g., a noticeable lump or 
mass) or is being screened for a cancer (e.g., during a routine 
physical). A subject Suspected of having cancer may also 
have one or more risk factors. A subject Suspected of having 
cancer has generally not been tested for cancer. However, a 
“Subject Suspected of having cancer encompasses an indi 
vidual who has received a preliminary diagnosis (e.g., a CT 
scan showing a mass or increased PSA level) but for whom 
a confirmatory test (e.g., biopsy and/or histology) has not 
been done or for whom the stage of cancer is not known. The 
term further includes people who once had cancer (e.g., an 
individual in remission). A "subject Suspected of having 
cancer is sometimes diagnosed with cancer and is some 
times found to not have cancer. 

0023. As used herein, the term "subject diagnosed with a 
cancer refers to a subject who has been tested and found to 
have cancerous cells. The cancer may be diagnosed using 
any Suitable method, including but not limited to, biopsy, 
X-ray, blood test, and the diagnostic methods of the present 
invention. A "preliminary diagnosis” is one based only on 
visual (e.g., CT scan or the presence of a lump) and antigen 
tests (e.g., PSA). 
0024. As used herein, the term “initial diagnosis” refers 
to a test result of initial cancer diagnosis that reveals the 
presence or absence of cancerous cells (e.g., using a biopsy 
and histology). An initial diagnosis does not include infor 
mation about the stage of the cancer or the risk of prostate 
specific antigen failure. 
0025. As used herein, the term “prostate specific antigen 
failure' refers to the development of high prostate specific 
antigen levels in a patient following prostate cancer therapy 
(e.g., Surgery). 
0026. As used herein, the term "risk of developing pros 
tate specific antigen failure' refers to a subject's relative risk 
(e.g., the percent chance or a relative score) of developing 
prostate specific antigen failure following prostate cancer 
therapy. 
0027. As used herein, the term “prostate tumor tissue' 
refers to cancerous tissue of the prostate. In some embodi 
ments, the prostate tumor tissue is post Surgical prostate 
tumor tissue.” 

0028. As used herein, the term “post surgical tumor 
tissue' refers to cancerous tissue (e.g., prostate tissue) that 
has been removed from a subject (e.g., during Surgery). 
0029. As used herein, the term “identifying the risk of 
said tumor metastasizing” refers to the relative risk (e.g., the 
percent chance or a relative score) of a tumor (e.g., prostate 
tumor tissue) metastasizing. 
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0030. As used herein, the term “identifying the risk of 
said tumor recurring refers to the relative risk (e.g., the 
percent chance or a relative score) of a tumor (e.g., prostate 
tumor tissue) recurring in the same organ as the original 
tumor (e.g., prostate). 

0031. As used herein, the term “subject at risk for cancer' 
refers to a subject with one or more risk factors for devel 
oping a specific cancer. Risk factors include, but are not 
limited to, gender, age, genetic predisposition, environmen 
tal expose, and previous incidents of cancer, preexisting 
non-cancer diseases, and lifestyle. 

0032. As used herein, the term "characterizing cancer in 
subject” refers to the identification of one or more properties 
of a cancer sample in a Subject, including but not limited to, 
the presence of benign, pre-cancerous or cancerous tissue 
and the stage of the cancer. Cancers may be characterized by 
the identification of Vimentin in tumor tissues, or, more 
preferably, in a bodily fluid of a patient (e.g., blood or urine). 

0033. As used herein, the term “characterizing tissue in a 
subject” refers to the identification of one or more properties 
of a tissue sample (e.g., including but not limited to, the 
presence of cancerous tissue, the presence of pre-cancerous 
tissue that is likely to become cancerous, and the presence 
of cancerous tissue that is likely to metastasize). In some 
embodiments, tissues are characterized by the identification 
of the expression of vimentin. 

0034. As used herein, the term “reagent(s) capable of 
specifically detecting vimentin expression” refers to 
reagents used to detect the expression of Vimentin. 
Examples of suitable reagents include but are not limited to, 
nucleic acid probes capable of specifically hybridizing to 
vimentin mRNA or cDNA, and antibodies (e.g., monoclonal 
or polyclonal antibodies of the present invention). 

0035. As used herein, the term “instructions for using 
said kit for detecting cancer in said Subject' includes instruc 
tions for using the reagents contained in the kit for the 
detection and characterization of cancer in a sample from a 
Subject. In some embodiments, the instructions further com 
prise the statement of intended use required by the U.S. Food 
and Drug Administration (FDA) in labeling in vitro diag 
nostic products. 

0036) As used herein, the terms “computer memory” and 
“computer memory device' refer to any storage media 
readable by a computer processor. Examples of computer 
memory include, but are not limited to, RAM, ROM, 
computer chips, digital video disc (DVDs), compact discs 
(CDs), hard disk drives (HDD), and magnetic tape. 

0037 As used herein, the term “computer readable 
medium” refers to any device or system for storing and 
providing information (e.g., data and instructions) to a 
computer processor. Examples of computer readable media 
include, but are not limited to, DVDs, CDs, hard disk drives, 
magnetic tape and servers for streaming media over net 
works. 

0038. As used herein, the terms “processor and “central 
processing unit' or “CPU” are used interchangeably and 
refer to a device that is able to read a program from a 
computer memory (e.g., ROM or other computer memory) 
and perform a set of steps according to the program. 

Aug. 30, 2007 

0039. As used herein, the term “stage of cancer refers to 
a qualitative or quantitative assessment of the level of 
advancement of a cancer. Criteria used to determine the 
stage of a cancer include, but are not limited to, the size of 
the tumor, whether the tumor has spread to other parts of the 
body and where the cancer has spread (e.g., within the same 
organ or region of the body or to another organ). In some 
preferred embodiments, the stage of cancer is identified by 
detection of Vimentin in a subject's urine. 
0040. As used herein, the term “providing a prognosis” 
refers to providing information regarding the impact of the 
presence of cancer (e.g., as determined by the diagnostic 
methods of the present invention) on a subjects future 
health (e.g., expected morbidity or mortality, the likelihood 
of getting cancer, and the risk of metastasis). 
0041 As used herein, the term “non-human animals' 
refers to all non-human animals including, but are not 
limited to, Vertebrates such as rodents, non-human primates, 
ovines, bovines, ruminants, lagomorphs, porcines, caprines, 
equines, canines, felines, aves, etc. 
0042. As used herein, the term “gene transfer system” 
refers to any means of delivering a composition comprising 
a nucleic acid sequence to a cell or tissue. For example, gene 
transfer systems include, but are not limited to, vectors (e.g., 
retroviral, adenoviral, adeno-associated viral, and other 
nucleic acid-based delivery systems), microinjection of 
naked nucleic acid, polymer-based delivery systems (e.g., 
liposome-based and metallic particle-based systems), biolis 
tic injection, and the like. As used herein, the term “viral 
gene transfer system’ refers to gene transfer systems com 
prising viral elements (e.g., intact viruses, modified viruses 
and viral components such as nucleic acids or proteins) to 
facilitate delivery of the sample to a desired cell or tissue. As 
used herein, the term “adenovirus gene transfer system 
refers to gene transfer systems comprising intact or altered 
viruses belonging to the family Adenoviridae. 
0043. As used herein, the term “site-specific recombina 
tion target sequences’ refers to nucleic acid sequences that 
provide recognition sequences for recombination factors and 
the location where recombination takes place. 
0044 As used herein, the term “nucleic acid molecule' 
refers to any nucleic acid containing molecule, including but 
not limited to, DNA or RNA. The term encompasses 
sequences that include any of the known base analogs of 
DNA and RNA including, but not limited to, 4-acetylcy 
tosine, 8-hydroxy-N6-methyladenosine, aziridinylcytosine, 
pseudoisocytosine, 5-(carboxyhydroxylmethyl)uracil, 
5-fluorouracil, 5-bromouracil, 5-carboxymethylaminom 
ethyl-2-thiouracil, 5-carboxymethylaminomethyluracil, 
dihydrouracil, inosine, N6-isopentenyladenine, 1-methylad 
enine, 1-methylpseudouracil, 1-methylguanine, 1-methyli 
nosine, 2,2-dimethylguanine, 2-methyladenine, 2-meth 
ylguanine, 3-methylcytosine, 5-methylcytosine, 
N6-methyladenine, 7-methylguanine, 5-methylaminom 
ethyluracil, 5-methoxy-aminomethyl-2-thiouracil, beta-D- 
mannosylglueosine, 5'-methoxycarbonylmethyluracil, 
5-methoxyuracil, 2-methylthio-N6-isopentenyladenine, 
uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid, 
oxybutoxosine, pseudouracil, queosine, 2-thiocytosine, 
5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methylu 
racil, N-uracil-5-oxyacetic acid methylester, uracil-5-oxy 
acetic acid, pseudouracil, queosine, 2-thiocytosine, and 2.6- 
diaminopurine. 
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0045. The term “gene' refers to a nucleic acid (e.g., 
DNA) sequence that comprises coding sequences necessary 
for the production of a polypeptide, precursor, or RNA (e.g., 
rRNA, tRNA). The polypeptide can be encoded by a full 
length coding sequence or by any portion of the coding 
sequence so long as the desired activity or functional prop 
erties (e.g., enzymatic activity, ligand binding, signal trans 
duction, immunogenicity, etc.) of the full-length or fragment 
are retained. The term also encompasses the coding region 
of a structural gene and the sequences located adjacent to the 
coding region on both the 5' and 3' ends for a distance of 
about 1 kb or more on either end such that the gene 
corresponds to the length of the full-length mRNA. 
Sequences located 5' of the coding region and present on the 
mRNA are referred to as 5' non-translated sequences. 
Sequences located 3' or downstream of the coding region 
and present on the mRNA are referred to as 3' non-translated 
sequences. The term “gene' encompasses both cDNA and 
genomic forms of a gene. A genomic form or clone of a gene 
contains the coding region interrupted with non-coding 
sequences termed “introns' or “intervening regions” or 
“intervening sequences.” Introns are segments of a gene that 
are transcribed into nuclear RNA (hnRNA); introns may 
contain regulatory elements such as enhancers. Introns are 
removed or “spliced out from the nuclear or primary 
transcript, introns therefore are absent in the messenger 
RNA (mRNA) transcript. The mRNA functions during 
translation to specify the sequence or order of amino acids 
in a nascent polypeptide. 

0046. As used herein, the term "heterologous gene’ 
refers to a gene that is not in its natural environment. For 
example, a heterologous gene includes a gene from one 
species introduced into another species. A heterologous gene 
also includes a gene native to an organism that has been 
altered in some way (e.g., mutated, added in multiple copies, 
linked to non-native regulatory sequences, etc). Heterolo 
gous genes are distinguished from endogenous genes in that 
the heterologous gene sequences are typically joined to 
DNA sequences that are not found naturally associated with 
the gene sequences in the chromosome or are associated 
with portions of the chromosome not found in nature (e.g., 
genes expressed in loci where the gene is not normally 
expressed). 

0047 As used herein, the term “transgene’ refers to a 
heterologous gene that is integrated into the genome of an 
organism (e.g., a non-human animal) and that is transmitted 
to progeny of the organism during sexual reproduction. 

0.048. As used herein, the term “transgenic organism’ 
refers to an organism (e.g., a non-human animal) that has a 
transgene integrated into its genome and that transmits the 
transgene to its progeny during sexual reproduction. 

0049. As used herein, the term “gene expression” refers 
to the process of converting genetic information encoded in 
a gene into RNA (e.g., mRNA, rRNA, tRNA, or snRNA) 
through “transcription of the gene (i.e., via the enzymatic 
action of an RNA polymerase), and for protein encoding 
genes, into protein through “translation' of mRNA. Gene 
expression can be regulated at many stages in the process. 
“Up-regulation' or “activation” refers to regulation that 
increases the production of gene expression products (i.e., 
RNA or protein), while “down-regulation” or “repression' 
refers to regulation that decrease production. Molecules 
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(e.g., transcription factors) that are involved in up-regulation 
or down-regulation are often called “activators' and “repres 
sors,' respectively. 
0050. In addition to containing introns, genomic forms of 
a gene may also include sequences located on both the 5' and 
3' end of the sequences that are present on the RNA 
transcript. These sequences are referred to as “flanking 
sequences or regions (these flanking sequences are located 5' 
or 3' to the non-translated sequences present on the mRNA 
transcript). The 5' flanking region may contain regulatory 
sequences such as promoters and enhancers that control or 
influence the transcription of the gene. The 3' flanking region 
may contain sequences that direct the termination of tran 
Scription, post-transcriptional cleavage and polyadenylation. 
0051. The term “wild-type” refers to a gene or gene 
product isolated from a naturally occurring source. A wild 
type gene is that which is most frequently observed in a 
population and is thus arbitrarily designed the “normal' or 
“wild-type' form of the gene. In contrast, the term “modi 
fied’ or “mutant” refers to a gene or gene product that 
displays modifications in sequence and or functional prop 
erties (i.e., altered characteristics) when compared to the 
wild-type gene or gene product. It is noted that naturally 
occurring mutants can be isolated; these are identified by the 
fact that they have altered characteristics (including altered 
nucleic acid sequences) when compared to the wild-type 
gene or gene product. 

0.052 As used herein, the terms “nucleic acid molecule 
encoding.”“DNA sequence encoding,” and “DNA encod 
ing refer to the order or sequence of deoxyribonucleotides 
along a strand of deoxyribonucleic acid. The order of these 
deoxyribonucleotides determines the order of amino acids 
along the polypeptide (protein) chain. The DNA sequence 
thus codes for the amino acid sequence. 
0053 As used herein, the terms “an oligonucleotide 
having a nucleotide sequence encoding a gene' and “poly 
nucleotide having a nucleotide sequence encoding a gene.” 
means a nucleic acid sequence comprising the coding region 
of a gene or in other words the nucleic acid sequence that 
encodes a gene product. The coding region may be present 
in a cDNA, genomic DNA or RNA form. When present in 
a DNA form, the oligonucleotide or polynucleotide may be 
single-stranded (i.e., the sense Strand) or double-stranded. 
Suitable control elements such as enhancers/promoters, 
splice junctions, polyadenylation signals, etc. may be placed 
in close proximity to the coding region of the gene if needed 
to permit proper initiation of transcription and/or correct 
processing of the primary RNA transcript. Alternatively, the 
coding region utilized in the expression vectors of the 
present invention may contain endogenous enhancers/pro 
moters, splice junctions, intervening sequences, polyadeny 
lation signals, etc. or a combination of both endogenous and 
exogenous control elements. 
0054 As used herein, the term "oligonucleotide.” refers 
to a short length of single-stranded polynucleotide chain. 
Oligonucleotides are typically less than 200 residues long 
(e.g., between 15 and 100), however, as used herein, the term 
is also intended to encompass longer polynucleotide chains. 
Oligonucleotides are often referred to by their length. For 
example a 24 residue oligonucleotide is referred to as a 
“24-mer. Oligonucleotides can form secondary and tertiary 
structures by self-hybridizing or by hybridizing to other 
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polynucleotides. Such structures can include, but are not 
limited to, duplexes, hairpins, cruciforms, bends, and tri 
plexes. 
0.055 As used herein, the terms “complementary' or 
“complementarity’ are used in reference to polynucleotides 
(i.e., a sequence of nucleotides) related by the base-pairing 
rules. For example, for the sequence “5'-A-G-T-3', is 
complementary to the sequence “5'-T-C-A-3'.” Complemen 
tarity may be “partial,” in which only some of the nucleic 
acids bases are matched according to the base pairing rules. 
Or, there may be “complete' or “total complementarity 
between the nucleic acids. The degree of complementarity 
between nucleic acid strands has significant effects on the 
efficiency and strength of hybridization between nucleic acid 
Strands. This is of particular importance in amplification 
reactions, as well as detection methods that depend upon 
binding between nucleic acids. 
0056. The term “homology” refers to a degree of comple 
mentarity. There may be partial homology or complete 
homology (i.e., identity). A partially complementary 
sequence is a nucleic acid molecule that at least partially 
inhibits a completely complementary nucleic acid molecule 
from hybridizing to a target nucleic acid is “substantially 
homologous.” The inhibition of hybridization of the com 
pletely complementary sequence to the target sequence may 
be examined using a hybridization assay (Southern or North 
ern blot, solution hybridization and the like) under condi 
tions of low Stringency. A substantially homologous 
sequence or probe will compete for and inhibit the binding 
(i.e., the hybridization) of a completely homologous nucleic 
acid molecule to a target under conditions of low Stringency. 
This is not to say that conditions of low stringency are Such 
that non-specific binding is permitted; low stringency con 
ditions require that the binding of two sequences to one 
another be a specific (i.e., selective) interaction. The absence 
of non-specific binding may be tested by the use of a second 
target that is Substantially non-complementary (e.g., less 
than about 30% identity); in the absence of non-specific 
binding the probe will not hybridize to the second non 
complementary target. 

0057 When used in reference to a double-stranded 
nucleic acid sequence such as a cDNA or genomic clone, the 
term “substantially homologous” refers to any probe that can 
hybridize to either or both strands of the double-stranded 
nucleic acid sequence under conditions of low stringency as 
described above. 

0.058 A gene may produce multiple RNA species that are 
generated by differential splicing of the primary RNA tran 
script. cDNAs that are splice variants of the same gene will 
contain regions of sequence identity or complete homology 
(representing the presence of the same exon or portion of the 
same exon on both cDNAS) and regions of complete non 
identity (for example, representing the presence of exon 'A' 
on cDNA 1 wherein cDNA 2 contains exon “B” instead). 
Because the two cDNAS contain regions of sequence iden 
tity they will both hybridize to a probe derived from the 
entire gene or portions of the gene containing sequences 
found on both cDNAs; the two splice variants are therefore 
Substantially homologous to Such a probe and to each other. 
0059 When used in reference to a single-stranded nucleic 
acid sequence, the term 'substantially homologous' refers to 
any probe that can hybridize (i.e., it is the complement of) 
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the single-stranded nucleic acid sequence under conditions 
of low stringency as described above. 
0060. As used herein, the term “hybridization' is used in 
reference to the pairing of complementary nucleic acids. 
Hybridization and the strength of hybridization (i.e., the 
strength of the association between the nucleic acids) is 
impacted by Such factors as the degree of complementary 
between the nucleic acids, stringency of the conditions 
involved, the T of the formed hybrid, and the G:C ratio 
within the nucleic acids. A single molecule that contains 
pairing of complementary nucleic acids within its structure 
is said to be “self-hybridized.” 
0061 As used herein, the term “T” is used in reference 
to the “melting temperature.” The melting temperature is the 
temperature at which a population of double-stranded 
nucleic acid molecules becomes half dissociated into single 
Strands. The equation for calculating the T of nucleic acids 
is well known in the art. As indicated by standard references, 
a simple estimate of the T value may be calculated by the 
equation: T=81.5+0.41(% G+C), when a nucleic acid is in 
aqueous solution at 1 M NaCl (See e.g., Anderson and 
Young, Quantitative Filter Hybridization, in Nucleic Acid 
Hybridization (1985)). Other references include more 
Sophisticated computations that take structural as well as 
sequence characteristics into account for the calculation of 
T 

0062. As used herein the term “stringency’ is used in 
reference to the conditions of temperature, ionic strength, 
and the presence of other compounds such as organic 
Solvents, under which nucleic acid hybridizations are con 
ducted. Under “low stringency conditions a nucleic acid 
sequence of interest will hybridize to its exact complement, 
sequences with single base mismatches, closely related 
sequences (e.g., sequences with 90% or greater homology), 
and sequences having only partial homology (e.g., 
sequences with 50-90% homology). Under medium strin 
gency conditions, a nucleic acid sequence of interest will 
hybridize only to its exact complement, sequences with 
single base mismatches, and closely relation sequences (e.g., 
90% or greater homology). Under “high Stringency condi 
tions, a nucleic acid sequence of interest will hybridize only 
to its exact complement, and (depending on conditions such 
a temperature) sequences with single base mismatches. In 
other words, under conditions of high Stringency the tem 
perature can be raised so as to exclude hybridization to 
sequences with single base mismatches. 
0063 “High stringency conditions” when used in refer 
ence to nucleic acid hybridization comprise conditions 
equivalent to binding or hybridization at 42°C. in a solution 
consisting of 5xSSPE (43.8 g/l NaCl, 6.9 g/l NaH2POHO 
and 1.85 g/l EDTA, pH adjusted to 7.4 with NaOH), 0.5% 
SDS, 5x Denhardt's reagent and 100 ug/ml denatured 
salmon sperm DNA followed by washing in a solution 
comprising 0.1xSSPE, 1.0% SDS at 42°C. when a probe of 
about 500 nucleotides in length is employed. 
0064 “Medium stringency conditions” when used in 
reference to nucleic acid hybridization comprise conditions 
equivalent to binding or hybridization at 42°C. in a solution 
consisting of 5xSSPE (43.8 g/l NaCl, 6.9 g/l NaH2POHO 
and 1.85 g/l EDTA, pH adjusted to 7.4 with NaOH), 0.5% 
SDS, 5x Denhardt's reagent and 100 ug/ml denatured 
salmon sperm DNA followed by washing in a solution 
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comprising 1.0xSSPE, 1.0% SDS at 42°C. when a probe of 
about 500 nucleotides in length is employed. 
0065 “Low stringency conditions' comprise conditions 
equivalent to binding or hybridization at 42°C. in a solution 
consisting of 5x SSPE (43.8 g/l NaCl, 6.9 g/l NaH2POHO 
and 1.85 g/l EDTA, pH adjusted to 7.4 with NaOH), 0.1% 
SDS, 5x Denhardt’s reagent (50x Denhardt’s contains per 
500 ml: 5 g Ficol (Type 400, Pharamcia), 5g BSA (Fraction 
V: Sigma)) and 100 ug/ml denatured salmon sperm DNA 
followed by washing in a solution comprising 5x SSPE, 
0.1% SDS at 42°C. when a probe of about 500 nucleotides 
in length is employed. 
0.066 The art knows well that numerous equivalent con 
ditions may be employed to comprise low stringency con 
ditions; factors such as the length and nature (DNA, RNA, 
base composition) of the probe and nature of the target 
(DNA, RNA, base composition, present in solution or 
immobilized, etc.) and the concentration of the salts and 
other components (e.g., the presence or absence of forma 
mide, dextran Sulfate, polyethylene glycol) are considered 
and the hybridization Solution may be varied to generate 
conditions of low stringency hybridization different from, 
but equivalent to, the above listed conditions. In addition, 
the art knows conditions that promote hybridization under 
conditions of high Stringency (e.g., increasing the tempera 
ture of the hybridization and/or wash steps, the use of 
formamide in the hybridization solution, etc.) (see definition 
above for “stringency). 
0067. As used herein, the term “probe' refers to an 
oligonucleotide (i.e., a sequence of nucleotides), whether 
occurring naturally as in a purified restriction digest or 
produced synthetically, recombinantly or by PCR amplifi 
cation, that is capable of hybridizing to another oligonucle 
otide of interest. A probe may be single-stranded or double 
stranded. Probes are useful in the detection, identification 
and isolation of particular gene sequences. It is contem 
plated that any probe used in the present invention will be 
labeled with any “reporter molecule, so that is detectable in 
any detection system, including, but not limited to enzyme 
(e.g., ELISA, as well as enzyme-based histochemical 
assays), fluorescent, radioactive, and luminescent systems. It 
is not intended that the present invention be limited to any 
particular detection system or label. 

99. 0068 The terms “in operable combination,”“in operable 
order,” and “operably linked as used herein refer to the 
linkage of nucleic acid sequences in Such a manner that a 
nucleic acid molecule capable of directing the transcription 
of a given gene and/or the synthesis of a desired protein 
molecule is produced. The term also refers to the linkage of 
amino acid sequences in Such a manner so that a functional 
protein is produced. 

0069. The term "isolated” when used in relation to a 
nucleic acid, as in “an isolated oligonucleotide' or "isolated 
polynucleotide' refers to a nucleic acid sequence that is 
identified and separated from at least one component or 
contaminant with which it is ordinarily associated in its 
natural Source. Isolated nucleic acid is such present in a form 
or setting that is different from that in which it is found in 
nature. In contrast, non-isolated nucleic acids as nucleic 
acids such as DNA and RNA found in the state they exist in 
nature. For example, a given DNA sequence (e.g., a gene) is 
found on the host cell chromosome in proximity to neigh 
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boring genes; RNA sequences, such as a specific mRNA 
sequence encoding a specific protein, are found in the cell as 
a mixture with numerous other mRNAs that encode a 
multitude of proteins. However, isolated nucleic acid encod 
ing a given protein includes, by way of example, such 
nucleic acid in cells ordinarily expressing the given protein 
where the nucleic acid is in a chromosomal location different 
from that of natural cells, or is otherwise flanked by a 
different nucleic acid sequence than that found in nature. 
The isolated nucleic acid, oligonucleotide, or polynucleotide 
may be present in single-stranded or double-stranded form. 
When an isolated nucleic acid, oligonucleotide or polynucle 
otide is to be utilized to express a protein, the oligonucle 
otide or polynucleotide will contain at a minimum the sense 
or coding strand (i.e., the oligonucleotide or polynucleotide 
may be single-stranded), but may contain both the sense and 
anti-sense Strands (i.e., the oligonucleotide or polynucle 
otide may be double-stranded). 
0070). As used herein, the term “purified” or “to purify” 
refers to the removal of components (e.g., contaminants) 
from a sample. For example, antibodies are purified by 
removal of contaminating non-immunoglobulin proteins; 
they are also purified by the removal of immunoglobulin that 
does not bind to the target molecule. The removal of 
non-immunoglobulin proteins and/or the removal of immu 
noglobulins that do not bind to the target molecule results in 
an increase in the percent of target-reactive immunoglobu 
lins in the sample. In another example, recombinant 
polypeptides are expressed in bacterial host cells and the 
polypeptides are purified by the removal of host cell pro 
teins; the percent of recombinant polypeptides is thereby 
increased in the sample. 
0071 “Amino acid sequence' and terms such as 
"polypeptide' or “protein’ are not meant to limit the amino 
acid sequence to the complete, native amino acid sequence 
associated with the recited protein molecule. 
0072 The term “native protein’ as used herein to indicate 
that a protein does not contain amino acid residues encoded 
by vector sequences; that is, the native protein contains only 
those amino acids found in the protein as it occurs in nature. 
A native protein may be produced by recombinant means or 
may be isolated from a naturally occurring source. 
0073. As used herein the term “portion” when in refer 
ence to a protein (as in “a portion of a given protein') refers 
to fragments of that protein. The fragments may range in size 
from four amino acid residues to the entire amino acid 
sequence minus one amino acid. 
0074 The term “Southern blot,” refers to the analysis of 
DNA on agarose or acrylamide gels to fractionate the DNA 
according to size followed by transfer of the DNA from the 
gel to a solid Support, Such as nitrocellulose or a nylon 
membrane. The immobilized DNA is then probed with a 
labeled probe to detect DNA species complementary to the 
probe used. The DNA may be cleaved with restriction 
enzymes prior to electrophoresis. Following electrophoresis, 
the DNA may be partially depurinated and denatured prior 
to or during transfer to the solid support. Southern blots are 
a standard tool of molecular biologists (J. Sambrook et al., 
Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Press, NY. pp 9.31-9.58 (1989)). 
0075) The term “Northern blot,” as used herein refers to 
the analysis of RNA by electrophoresis of RNA on agarose 
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gels to fractionate the RNA according to size followed by 
transfer of the RNA from the gel to a solid support, such as 
nitrocellulose or a nylon membrane. The immobilized RNA 
is then probed with a labeled probe to detect RNA species 
complementary to the probe used. Northern blots are a 
standard tool of molecular biologists (J. Sambrook, et al., 
supra, pp 7.39-7.52 (1989)). 
0076) The term “Western blot” refers to the analysis of 
protein(s) (or polypeptides) immobilized onto a Support Such 
as nitrocellulose or a membrane. The proteins are run on 
acrylamide gels to separate the proteins, followed by transfer 
of the protein from the gel to a solid Support, such as 
nitrocellulose or a nylon membrane. The immobilized pro 
teins are then exposed to antibodies with reactivity against 
an antigen of interest. The binding of the antibodies may be 
detected by various methods, including the use of radiola 
beled antibodies. 

0077. As used herein, the term “vector” is used in refer 
ence to nucleic acid molecules that transfer DNA segment(s) 
from one cell to another. The term "vehicle' is sometimes 
used interchangeably with “vector.” Vectors are often 
derived from plasmids, bacteriophages, or plant or animal 
viruses. 

0078. The term “expression vector” as used herein refers 
to a recombinant DNA molecule containing a desired coding 
sequence and appropriate nucleic acid sequences necessary 
for the expression of the operably linked coding sequence in 
a particular host organism. Nucleic acid sequences neces 
sary for expression in prokaryotes usually include a pro 
moter, an operator (optional), and a ribosome binding site, 
often along with other sequences. Eukaryotic cells are 
known to utilize promoters, enhancers, and termination and 
polyadenylation signals. 
0079. The term “transfection” as used herein refers to the 
introduction of foreign DNA into eukaryotic cells. Trans 
fection may be accomplished by a variety of means known 
to the art including calcium phosphate-DNA co-precipita 
tion, DEAE-dextran-mediated transfection, polybrene-me 
diated transfection, electroporation, microinjection, lipo 
Some fusion, lipofection, protoplast fusion, retroviral 
infection, and biolistics. 
0080. The term “stable transfection” or “stably trans 
fected’ refers to the introduction and integration of foreign 
DNA into the genome of the transfected cell. The term 
“stable transfectant” refers to a cell that has stably integrated 
foreign DNA into the genomic DNA. 
0081. The term “transient transfection” or “transiently 
transfected” refers to the introduction of foreign DNA into 
a cell where the foreign DNA fails to integrate into the 
genome of the transfected cell. The foreign DNA persists in 
the nucleus of the transfected cell for several days. During 
this time the foreign DNA is subject to the regulatory 
controls that govern the expression of endogenous genes in 
the chromosomes. The term “transient transfectant” refers to 
cells that have taken up foreign DNA but have failed to 
integrate this DNA. 
0082. As used herein, the term "cell culture” refers to any 
in vitro culture of cells. Included within this term are 
continuous cell lines (e.g., with an immortal phenotype), 
primary cell cultures, transformed cell lines, finite cell lines 
(e.g., non-transformed cells), and any other cell population 
maintained in vitro. 
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0083. As used, the term “eukaryote” refers to organisms 
distinguishable from “prokaryotes.” It is intended that the 
term encompass all organisms with cells that exhibit the 
usual characteristics of eukaryotes, such as the presence of 
a true nucleus bounded by a nuclear membrane, within 
which lie the chromosomes, the presence of membrane 
bound organelles, and other characteristics commonly 
observed in eukaryotic organisms. Thus, the term includes, 
but is not limited to such organisms as fungi, protozoa, and 
animals (e.g., humans). 
0084 As used herein, the term “in vitro” refers to an 
artificial environment and to processes or reactions that 
occur within an artificial environment. In vitro environments 
can consist of, but are not limited to, test tubes and cell 
culture. The term “in vivo” refers to the natural environment 
(e.g., an animal or a cell) and to processes or reaction that 
occur within a natural environment. 

0085. As used herein, the term “sample' is used in its 
broadest sense. In one sense, it is meant to include a 
specimen or culture obtained from any source, as well as 
biological and environmental samples. Biological samples 
may be obtained from animals (including humans) and 
encompass fluids, Solids, tissues, and gases. Biological 
samples include blood products. Such as plasma, serum and 
the like, and urine. Environmental samples include environ 
mental material Such as Surface matter, soil, water, crystals 
and industrial samples. Such examples are not however to be 
construed as limiting the sample types applicable to the 
present invention. 
0086 As used herein, the terms"vimentin' and “vimen 
tin-related proteins’ refer to intermediate filament proteins 
highly expressed in cells of mesenchymal origin, as well as 
in transformed cell lines, tumors and cells of distinct embry 
onic origin. 
0087 As used herein, the terms “vimentin fragments, 
byproducts, or metabolites’ refer to any fragments (e.g., 
truncations) or chemical variants (e.g., enzymatic modifica 
tions that add or remove one or more chemical constituents) 
of vimentin. The terms include both naturally occurring 
fragments, byproducts, and metabolites, as well as, artifi 
cially generated fragments, byproducts, or metabolites. 
0088 As used herein, the term “secretion,” when used in 
conjunction with extracellular molecules (e.g., proteins), 
refers to the process of moving or transporting a molecule 
from an intracellular location (e.g., cytoplasm) to an extra 
cellular location (e.g., extracellular Surface of plasma mem 
brane or free extracellular space). Secretion includes, but is 
not limited to such natural cellular processes as secretion 
through the Golgi and endoplasmic reticulum, Secretion 
through pores or channels, and secretion through flipping 
across a cellular membrane. Secretion does not include 
extracellular movement of molecules due to destruction or 
damage to a cell (e.g., cellular necrosis). Secreted molecules 
can be “bound' to a cell, which means that the molecules are 
affixed to the cell through covalent or non-covalent chemical 
interactions. Secreted molecules can also be “unbound,” 
which means that the molecules are not fixed to the surface 
of a cell, but are free to move in the extracellular environ 
ment (e.g., move to a region of the extracellular environment 
of a different cell). 
0089. As used herein, the term “bioavailable” refers to 
molecules that are present in a form that allows them to 
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exhibit a biological activity in the presence of a different 
target molecule. For example, a protein is bioavailable when 
it is presented to a target molecule (e.g., a receptor) So as to 
change the chemical activity or behavior of the target 
molecule. Bioavailable extracellular vimentin is considered 
bioavailable when in a form that exhibits a biological 
activity in the extracellular space (e.g., an effect on micro 
bial killing or inflammation). Vimentin may be considered 
not bioavailable for such uses where, for example, the 
vimentin is located intracellularly. 

0090. As used herein, the term “small molecule” refers to 
any non-polymeric, biologically active chemical entity. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.091 Intermediate filaments (IFs) are cytoplasmic, 
fibrous elements of the cytoskeleton. Unlike microtubules 
and microfilaments, the other two major types of cytoskel 
etal proteins, IFs are composed of a diverse family of 
proteins that are expressed in a highly cell-type specific 
pattern. IFs are made up of three major groups, which are the 
keratins, the neurofilament-like proteins, and the vimentin 
related proteins. In recent years, advances in understanding 
of the role of IFs in certain tissues have been made using 
knockout mice or dominant negative mutations in IF genes. 
These studies have generally shown that IFs provide a 
mechanical strengthening function in certain tissues. How 
ever, the function of IFs in tissues other than muscle, 
neurons, and epidermis has not been as clear. 
0092. Likely the most striking example of this is the case 
of vimentin, the most abundant IF protein. Vimentin is 
highly expressed in cells of mesenchymal origin, as well as 
in most transformed cell lines and tumors. It is the only IF 
type found in certain cells, including fibroblasts, endothelial 
cells, macrophages, neutrophils, and lymphocytes. Vimentin 
is highly abundant in human monocytes and, in activated 
macrophages; in particular, multinucleated giant cells. 
While vimentin, like other IF proteins, has been presumed to 
be important for stabilizing the architecture of the cyto 
plasm, knockout models in which animals do not express 
Vimentin have shown remarkably normal phenotypes (See, 
e.g., Coluccis-Guyon et al., (1994). Cell, 79:679–94). Alter 
ation of Vimentin gene expression in frogs was found to have 
no observable effect (See, e.g., Christian et al., (1990) New 
Biol. 2:700-11). In addition, functional deletion of vimentin 
in mice did not reveal any obvious differences between 
wild-type and mutant animals, although minor differences in 
wound healing have Subsequently been described (Coluccis 
Guyon et al., (1994). Cell, 79:679-94: Evans, (1998). BioEs 
says, 20:79-86). Thus, this very abundant IF does not appear 
to be necessary for normal development and life. 

0093. The function of Vimentin protein has remained a 
mystery. Recent findings have begun to Suggest that while 
Vimentin is not necessary for normal life and development, 
it may play very specific functional roles in different cell 
types. All functions previously ascribed to vimentin have 
been intracellular, cytoplasmic activities. However, the sur 
prising observation has been documented that Vimentin is 
actually secreted by activated macrophages and participates 
in the immune response (See, e.g., Mor-Vaknin et al., (2003) 
Nature Cell Biology, 5(1):59-63; and U.S. patent application 
Ser. No. 10/670,065, herein incorporated by reference in its 
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entirety for all purposes). These observations were first 
made while studying a model of inflammatory macrophages 
in which human monocytes are cultured in 40% serum and 
then differentiate into monocyte-derived macrophages 
(MDM). As the monocytes differentiate into MDM over the 
course of two weeks, more and more vimentin is secreted 
from these cells via the Golgi. This secretion is under the 
control of inflammatory and anti-inflammatory cytokines, 
such as TNF and IL-10, respectively. In this model, it was 
possible to demonstrate that Vimentin is actually being 
secreted rather than simply being released by dying cells. 
This was shown by the use of Golgi blockers and by multiple 
measurements of cell viability, including MTT assays and 
measurements of LDH. Most interestingly, not only was 
vimentin being secreted, but the extracellular vimentin 
appeared to have activity that modulated the killing of E. 
coli. Thus, these findings suggested a totally unexpected role 
for vimentin, that of an extracellular molecule that is 
secreted and is biologically active. Recently, it has been 
demonstrated that not only is vimentin secreted by MDM, 
but also by endothelial cells (See, e.g., Troyer et al., (2004). 
Disease Markers, 2002): 117-28). Thus, the present inven 
tion provides a new paradigm for vimentin function (e.g., 
providing new implications for the pathogenesis of prostate 
cancer and other malignancies) 
0094. The present invention relates to compositions and 
methods for detecting cancer (e.g., prostate cancer) and for 
inhibiting metastasis (e.g., associated with prostate cancer). 
In particular, the present invention provides methods of 
detecting vimentin expression and secretion and for charac 
terizing prostate cancer. In addition, the present invention 
provides methods for inhibiting metastasis (e.g., of prostate 
cancer) via altering (e.g., inhibiting) vimentin expression 
and/or activity. 
I. Vimentin as a Marker for Cancer 

0095 The present invention relates to compositions and 
methods for cancer diagnostics, including but not limited to, 
Vimentin cancer markers. In particular, the present invention 
provides markers (e.g., vimentin) whose expression is spe 
cifically altered in cancerous tissues (e.g., epithelial tissues 
Such as prostate and colon) as well as in the extracellular 
milieu (e.g., in cellular Supernatants and in urine). Such 
markers find use in the diagnosis and characterization of 
cancer (e.g., prostate cancer). 
A. Identification of Markers 

0096 Experiments conducted during the development of 
the present invention utilized anti-vimentin antibodies to 
investigate the presence of Vimentin in cancer samples (e.g., 
cells, lysates, Supernatants and urine). The highest levels of 
vimentin occurred in the lysate of the most invasive cell line 
(PC-3M-LN4), the lowest levels occurred in the least inva 
sive cell line (LNCaP), and the vimentin levels of the other 
two lysates were roughly similar and fell between those of 
the LNCaP and PC-3M-LN4 (See Examples 2 and 3). 
Furthermore, vimentin was detected in the Supernatants of 
the most aggressive cell lines, PC-3 and PC-3M-LN4. 
demonstrating that Vimentin is secreted by the most aggres 
sive prostate cancer cell lines. Accordingly, the present 
invention provides methods for diagnosing cancers (e.g., 
prostate cancers) by detecting the presence of vimentin (e.g., 
extracellular vimentin). In addition, the present invention 
demonstrates that increased vimentin Secretion expression 
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was found to correlate with more aggressive and metastatic 
cancers. Thus, in some embodiments, the present invention 
provides a method of correlating vimentin expression with a 
prognosis for a patient with prostate cancer (e.g., identifi 
cation of a prostate cancer that secretes large amounts of 
vimentin into the extracellular space is correlated with a 
negative prognosis). 
B. Detection of Vimentin 

0097. In some embodiments, the present invention pro 
vides methods for detection of vimentin. In preferred 
embodiments, the presence of vimentin protein or mRNA is 
measured directly. In some embodiments, vimentin mRNA 
or protein is detected in tissue samples (e.g., biopsy 
samples). In other embodiments, vimentin mRNA or protein 
is detected in bodily fluids (e.g., serum, plasma, or urine). 
The present invention further provides kits for the detection 
of vimentin. In preferred embodiments, the presence of 
Vimentin is used to provide a diagnosis or prognosis to a 
Subject. 
0098. In some preferred embodiments, vimentin protein 

is detected. Protein expression may be detected by any 
Suitable method. In some embodiments, proteins are 
detected by binding of an antibody specific for the protein. 
In some preferred embodiments, a monoclonal antibody is 
utilized. The present invention is not limited to a particular 
antibody. Any antibody (monoclonal or polyclonal) that 
specifically detects vimentin may by utilized. Methods for 
the generation of antibodies are described below. 
0099 Antibody binding is detected by techniques known 
in the art. For example, in Some embodiments where vimen 
tin protein is detected in bodily fluids (e.g., urine), antibody 
binding is detected using a suitable technique, including but 
not limited to, radioimmunoassay, ELISA (enzyme-linked 
immunosorbant assay), 'sandwich’ immunoassays, immu 
noradiometric assays, gel diffusion precipitation reactions, 
immunodiffusion assays, in situ immunoassays (e.g., using 
colloidal gold, enzyme or radioisotope labels, for example), 
Western blots, precipitation reactions, agglutination assays 
(e.g., gel agglutination assays, hemagglutination assays, 
etc.), complement fixation assays, immunofluorescence 
assays, protein A assays, and immunoelectrophoresis assays. 
In other embodiments, where vimentin protein is detected in 
tissue samples, immunohistochemistry can be utilized for 
the detection of antibody binding. 
0100. In one embodiment, antibody binding is detected 
by detecting a label on the primary antibody. In another 
embodiment, the primary antibody is detected by detecting 
binding of a secondary antibody or reagent to the primary 
antibody. In a further embodiment, the secondary antibody 
is labeled. Many methods are known in the art for detecting 
binding in an immunoassay and are within the scope of the 
present invention. 
0101. In some embodiments, an automated detection 
assay is utilized. Methods for the automation of immunoas 
says include, but are not limited to, those described in U.S. 
Pat. Nos. 5,885,530, 4,981,785, 6,159,750, and 5,358,691, 
each of which is herein incorporated by reference. In some 
embodiments, the analysis and presentation of results is also 
automated. For example, in some embodiments, software 
that generates a diagnosis and/or prognosis based on the 
presence or absence of a series of proteins corresponding to 
cancer markers is utilized. 
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0102) In other embodiments, the immunoassay described 
in U.S. Pat. Nos. 5,599,677 and 5,672,480, each of which is 
herein incorporated by reference, is utilized. In other 
embodiments, proteins are detected by immunohistochem 
istry. 

0103) In other embodiments, vimentin is detected at the 
level of vimentin RNA. In some embodiments, vimentin 
RNA is detected by measuring the expression of correspond 
ing mRNA in a tissue sample (e.g., prostate tissue). mRNA 
expression may be measured by any suitable method, 
including but not limited to, those disclosed below. 

0104. In some embodiments, RNA is detected by North 
ern blot analysis. Northern blot analysis involves the sepa 
ration of RNA and hybridization of a complementary labeled 
probe. Methods for Northern blot analysis are well known in 
the art. 

0105. In still further embodiments, RNA (or correspond 
ing cDNA) is detected by hybridization to a oligonucleotide 
probe. A variety of hybridization assays using a variety of 
technologies for hybridization and detection are available. 
For example, in some embodiments, TaqManassay (Applied 
Biosystems, Foster City, Calif.; See e.g., U.S. Pat. Nos. 
5.962.233 and 5.538,848, each of which is herein incorpo 
rated by reference) is utilized. The assay is performed during 
a PCR reaction. The TaqMan assay exploits the 5'-3' exo 
nuclease activity of the AMPLITAQ GOLD DNA poly 
merase. A probe consisting of an oligonucleotide with a 
5'-reporter dye (e.g., a fluorescent dye) and a 3'-quencher 
dye is included in the PCR reaction. During PCR, if the 
probe is bound to its target, the 5'-3' nucleolytic activity of 
the AMPLITAQ GOLD polymerase cleaves the probe 
between the reporter and the quencher dye. The separation 
of the reporter dye from the quencher dye results in an 
increase of fluorescence. The signal accumulates with each 
cycle of PCR and can be monitored with a fluorimeter. 

0106. In yet other embodiments, reverse-transcriptase 
PCR (RT-PCR) is used to detect the expression of RNA. In 
RT-PCR, RNA is enzymatically converted to complemen 
tary DNA or “cDNA using a reverse transcriptase enzyme. 
The cDNA is then used as a template for a PCR reaction. 
PCR products can be detected by any suitable method, 
including but not limited to, gel electrophoresis and staining 
with a DNA specific stain or hybridization to a labeled 
probe. In some embodiments, the quantitative reverse tran 
scriptase PCR with standardized mixtures of competitive 
templates method described in U.S. Pat. Nos. 5,639,606, 
5,643,765, and 5,876,978 (each of which is herein incorpo 
rated by reference) is utilized. 

0107 B. Kits 
0108. In some embodiments, the present invention pro 
vides kits for the detection and characterization of cancer 
(e.g., prostate cancer). In some embodiments, the kits con 
tain antibodies specific for vimentin, in addition to detection 
reagents and buffers. In other embodiments, the kits contain 
reagents specific for the detection of vimentin mRNA or 
cDNA (e.g., oligonucleotide probes or primers). In preferred 
embodiments, the kits contain all of the components neces 
sary to perform a detection assay, including all controls, 
directions for performing assays, and any necessary Soft 
ware for analysis and presentation of results. 
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II. Antibodies 

0109 Methods of the present invention utilize isolated 
antibodies. In some embodiments, the present invention 
provides monoclonal antibodies that specifically bind to an 
isolated polypeptide comprised of at least five amino acid 
residues of Vimentin. These antibodies find use in the 
diagnostic and therapeutic methods described herein. 
0110. An antibody against a protein of the present inven 
tion may be any monoclonal or polyclonal antibody, as long 
as it can recognize the protein. Antibodies can be produced 
by using a protein of the present invention as the antigen 
according to a conventional antibody or antiserum prepara 
tion process. 

0111. The present invention contemplates the use of both 
monoclonal and polyclonal antibodies. Any suitable method 
may be used to generate the antibodies used in the methods 
and compositions of the present invention, including but not 
limited to, those disclosed herein. For example, for prepa 
ration of a monoclonal antibody, protein, as such, or together 
with a suitable carrier or diluent is administered to an animal 
(e.g., a mammal) under conditions that permit the produc 
tion of antibodies. For enhancing the antibody production 
capability, complete or incomplete Freund's adjuvant may 
be administered. Normally, the protein is administered once 
every 2 weeks to 6 weeks, in total, about 2 times to about 10 
times. Animals suitable for use in Such methods include, but 
are not limited to, primates, rabbits, dogs, guinea pigs, mice, 
rats, sheep, goats, etc. 
0112 For preparing monoclonal antibody-producing 
cells, an individual animal whose antibody titer has been 
confirmed (e.g., a mouse) is selected, and 2 days to 5 days 
after the final immunization, its spleen or lymph node is 
harvested and antibody-producing cells contained therein 
are fused with myeloma cells to prepare the desired mono 
clonal antibody producer hybridoma. Measurement of the 
antibody titer in antiserum can be carried out, for example, 
by reacting the labeled protein, as described hereinafter and 
antiserum and then measuring the activity of the labeling 
agent bound to the antibody. The cell fusion can be carried 
out according to known methods, for example, the method 
described by Koehler and Milstein (See, e.g., Nature 
256:495 (1975)). As a fusion promoter, for example, poly 
ethylene glycol (PEG) or Sendai virus (HVJ), preferably 
PEG is used. 

0113. Examples of myeloma cells include NS-1, P3U1, 
SP2/0, AP-1 and the like. The proportion of the number of 
antibody producer cells (spleen cells) and the number of 
myeloma cells to be used is preferably about 1:1 to about 
20:1. PEG (preferably PEG 1000-PEG 6000) is preferably 
added in concentration of about 10% to about 80%. Cell 
fusion can be carried out efficiently by incubating a mixture 
of both cells at about 20° C. to about 40°C., preferably about 
30° C. to about 37° C. for about 1 minute to 10 minutes. 

0114 Various methods may be used for screening for a 
hybridoma producing the antibody (e.g., against a tumor 
antigen or autoantibody of the present invention). For 
example, where a Supernatant of the hybridoma is added to 
a Solid phase (e.g., microplate) to which antibody is 
adsorbed directly or together with a carrier and then an 
anti-immunoglobulin antibody (if mouse cells are used in 
cell fusion, anti-mouse immunoglobulin antibody is used) or 
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Protein Alabeled with a radioactive substance or an enzyme 
is added to detect the monoclonal antibody against the 
protein bound to the Solid phase. Alternately, a Supernatant 
of the hybridoma is added to a solid phase to which an 
anti-immunoglobulin antibody or Protein A is adsorbed and 
then the protein labeled with a radioactive substance or an 
enzyme is added to detect the monoclonal antibody against 
the protein bound to the solid phase. 
0115 Selection of the monoclonal antibody can be car 
ried out according to any known method or its modification. 
Normally, a medium for animal cells to which HAT (hypox 
anthine, aminopterin, thymidine) are added is employed. 
Any selection and growth medium can be employed as long 
as the hybridoma can grow. For example, RPMI 1640 
medium containing 1% to 20%, preferably 10% to 20% fetal 
bovine serum, GIT medium containing 1% to 10% fetal 
bovine serum, a serum free medium for cultivation of a 
hybridoma (SFM-101, Nissui Seiyaku) and the like can be 
used. Normally, the cultivation is carried out at 20° C. to 40° 
C., preferably 37°C. for about 5 days to 3 weeks, preferably 
1 week to 2 weeks under about 5% CO gas. The antibody 
titer of the supernatant of a hybridoma culture can be 
measured according to the same manner as described above 
with respect to the antibody titer of the anti-protein in the 
antiserum. 

0116 Separation and purification of a monoclonal anti 
body (e.g., against a cancer marker of the present invention) 
can be carried out according to the same manner as those of 
conventional polyclonal antibodies such as separation and 
purification of immunoglobulins, for example, salting-out, 
alcoholic precipitation, isoelectric point precipitation, elec 
trophoresis, adsorption and desorption with ion exchangers 
(e.g., DEAE), ultracentrifugation, gel filtration, or a specific 
purification method wherein only an antibody is collected 
with an active adsorbent such as an antigen-binding Solid 
phase, Protein A or Protein G and dissociating the binding to 
obtain the antibody. 
0.117) Polyclonal antibodies may be prepared by any 
known method or modifications of these methods including 
obtaining antibodies from patients. For example, a complex 
of an immunogen (an antigen against the protein) and a 
carrier protein is prepared and an animal is immunized by 
the complex according to the same manner as that described 
with respect to the above monoclonal antibody preparation. 
A material containing the antibody against is recovered from 
the immunized animal and the antibody is separated and 
purified. 

0118. As to the complex of the immunogen and the 
carrier protein to be used for immunization of an animal, any 
carrier protein and any mixing proportion of the carrier and 
a hapten can be employed as long as an antibody against the 
hapten, which is crosslinked on the carrier and used for 
immunization, is produced efficiently. For example, bovine 
serum albumin, bovine cycloglobulin, keyhole limpet 
hemocyanin, etc. may be coupled to an hapten in a weight 
ratio of about 0.1 part to about 20 parts, preferably, about 1 
part to about 5 parts per 1 part of the hapten. 
0119). In addition, various condensing agents can be used 
for coupling of a hapten and a carrier. For example, glut 
araldehyde, carbodiimide, maleimide activated ester, acti 
vated ester reagents containing thiol group or dithiopyridyl 
group, and the like find use with the present invention. The 
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condensation product as such or together with a suitable 
carrier or diluent is administered to a site of an animal that 
permits the antibody production. For enhancing the antibody 
production capability, complete or incomplete Freund's 
adjuvant may be administered. Normally, the protein is 
administered once every 2 weeks to 6 weeks, in total, about 
3 times to about 10 times. 

0120) The polyclonal antibody is recovered from blood, 
ascites and the like, of an animal immunized by the above 
method. The antibody titer in the antiserum can be measured 
according to the same manner as that described above with 
respect to the supernatant of the hybridoma culture. Sepa 
ration and purification of the antibody can be carried out 
according to the same separation and purification method of 
immunoglobulin as that described with respect to the above 
monoclonal antibody. 
0121 The protein used herein as the immunogen is not 
limited to any particular type of immunogen. For example, 
Vimentin protein (further including a gene having a nucle 
otide sequence partly altered) can be used as the immuno 
gen. Further, fragments of the protein may be used. Frag 
ments may be obtained by any methods including, but not 
limited to expressing a fragment of the gene, enzymatic 
processing of the protein, chemical synthesis, and the like. 

0122). In some embodiments, antibodies (e.g., mono 
clonal antibodies) are humanized. Such humanized antibod 
ies find particular use in the cancer immunotherapies 
described below. Humanized antibodies are altered in order 
to make them less immunogenic to humans, e.g., by con 
structing chimeric antibodies in which a mouse antigen 
binding variable domain is coupled to a human constant 
domain. Humanized antibodies are typically human anti 
bodies in which some CDR residues and possibly some FR 
residues are substituted by residues from analogous sites in 
rodent antibodies. Methods for humanizing antibodies are 
well known in the art and include but are not limited to, 
those disclosed in U.S. Pat. Nos. 6,054,297, 4,816,567, 
6,180,377, 5,871,907, 5,585,089, and 6,180,370, each of 
which is herein incorporated by reference. 
III. Drug Screening 

0123. In some embodiments, the present invention pro 
vides drug screening assays (e.g., to Screen for anticancer 
drugs). The screening methods of the present invention 
utilize Vimentin. For example, in some embodiments, the 
present invention provides methods of screening for com 
pounds that alter (e.g., increase or decrease) the expression 
of Vimentin. In some embodiments, candidate compounds 
are characterized for their ability to alter vimentin secretion 
and/or their ability to alter the activity of extracellular 
Vimentin. In some embodiments, candidate compounds are 
antisense agents (e.g., oligonucleotides) directed against 
Vimentin. In other embodiments, candidate compounds are 
antibodies. In some embodiments, candidate compounds are 
Small molecules, peptoids, peptides, vimentin analogues, 
and the like. 

0.124. In one screening method, candidate compounds are 
evaluated for their ability to alter vimentin expression and/or 
secretion by contacting a compound with a cell expressing 
Vimentin and then assaying for the effect of the candidate 
compounds on vimentin expression and/or secretion. In 
Some embodiments, the effect of candidate compounds on 
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expression of Vimentin is assayed for by detecting the level 
of vimentin mRNA expressed by the cell. mRNA expression 
can be detected by any suitable method, including but not 
limited to, those disclosed herein. 

0.125. In other embodiments, the effect of candidate com 
pounds on expression vimentin is assayed by measuring the 
level of vimentin expression. The level of polypeptide 
expressed can be measured using any suitable method, 
including but not limited to, those disclosed herein. 
IV. Cancer Therapies 

0.126 In some embodiments, the present invention pro 
vides therapies for cancer (e.g., prostate and colon cancer). 
In some embodiments, therapies target vimentin. 
0127. A. Antisense Therapies 
0128. In some embodiments, the present invention targets 
the expression of Vimentin. For example, in some embodi 
ments, the present invention employs compositions com 
prising oligomeric antisense compounds, particularly oligo 
nucleotides (e.g., those identified in the drug screening 
methods described above), for use in modulating the func 
tion of nucleic acid molecules encoding vimentin, ultimately 
modulating the amount of Vimentin expressed. This is 
accomplished by providing antisense compounds that spe 
cifically hybridize with one or more nucleic acids encoding 
Vimentin. The specific hybridization of an oligomeric com 
pound with its target nucleic acid interferes with the normal 
function of the nucleic acid. This modulation of function of 
a target nucleic acid by compounds that specifically hybrid 
ize to it is generally referred to as “antisense.” The functions 
of DNA to be interfered with include replication and tran 
scription. The functions of RNA to be interfered with 
include all vital functions such as, for example, translocation 
of the RNA to the site of protein translation, translation of 
protein from the RNA, splicing of the RNA to yield one or 
more mRNA species, and catalytic activity that may be 
engaged in or facilitated by the RNA. The overall effect of 
Such interference with target nucleic acid function is modu 
lation of the expression of vimentin. In the context of the 
present invention, "modulation” means either an increase 
(stimulation) or a decrease (inhibition) in the expression of 
a gene. For example, expression may be inhibited to poten 
tially prevent tumor proliferation and/or metastasis. 
0129. It is preferred to target specific nucleic acids for 
antisense. “Targeting an antisense compound to a particular 
nucleic acid, in the context of the present invention, is a 
multistep process. The process usually begins with the 
identification of a nucleic acid sequence whose function is to 
be modulated. This may be, for example, a cellular gene (or 
mRNA transcribed from the gene) whose expression is 
associated with a particular disorder or disease state, or a 
nucleic acid molecule from an infectious agent. In the 
present invention, the target is a nucleic acid molecule 
encoding vimentin. The targeting process also includes 
determination of a site or sites within this gene for the 
antisense interaction to occur Such that the desired effect, 
e.g., detection or modulation of expression of the protein, 
will result. Within the context of the present invention, a 
preferred intragenic site is the region encompassing the 
translation initiation or termination codon of the open read 
ing frame (ORF) of the gene. Since the translation initiation 
codon is typically 5'-AUG (in transcribed mRNA molecules: 
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5'-ATG in the corresponding DNA molecule), the translation 
initiation codon is also referred to as the “AUG codon, the 
“start codon’ or the “AUG start codon. A minority of genes 
have a translation initiation codon having the RNA sequence 
5'-GUG, 5'-UUG or 5'-CUG, and 5'-AUA, 5'-ACG and 
5'-CUG have been shown to function in vivo. Thus, the 
terms “translation initiation codon’ and “start codon’ can 
encompass many codon sequences, even though the initiator 
amino acid in each instance is typically methionine (in 
eukaryotes) or formylmethionine (in prokaryotes). Eukary 
otic and prokaryotic genes may have two or more alternative 
start codons, any one of which may be preferentially utilized 
for translation initiation in a particular cell type or tissue, or 
under a particular set of conditions. In the context of the 
present invention, “start codon and “translation initiation 
codon” refer to the codon or codons that are used in vivo to 
initiate translation of an mRNA molecule transcribed from a 
gene encoding a tumor antigen of the present invention, 
regardless of the sequence(s) of Such codons. 
0130 Translation termination codon (or “stop codon) of 
a gene may have one of three sequences (i.e., 5'-UAA, 
5'-UAG and 5'-UGA; the corresponding DNA sequences are 
5'-TAA, 5'-TAG and 5'-TGA, respectively). The terms “start 
codon region' and “translation initiation codon region” refer 
to a portion of Such an mRNA or gene that encompasses 
from about 25 to about 50 contiguous nucleotides in either 
direction (i.e., 5' or 3') from a translation initiation codon. 
Similarly, the terms “stop codon region' and “translation 
termination codon region” refer to a portion of such an 
mRNA or gene that encompasses from about 25 to about 50 
contiguous nucleotides in either direction (i.e., 5' or 3') from 
a translation termination codon. 

0131 The open reading frame (ORF) or “coding region.” 
which refers to the region between the translation initiation 
codon and the translation termination codon, is also a region 
that may be targeted effectively. Other target regions include 
the 5' untranslated region (5' UTR), referring to the portion 
of an mRNA in the 5' direction from the translation initiation 
codon, and thus including nucleotides between the 5' cap site 
and the translation initiation codon of an mRNA or corre 
sponding nucleotides on the gene, and the 3' untranslated 
region (3' UTR), referring to the portion of an mRNA in the 
3' direction from the translation termination codon, and thus 
including nucleotides between the translation termination 
codon and 3' end of an mRNA or corresponding nucleotides 
on the gene. The 5' cap of an mRNA comprises an N7-me 
thylated guanosine residue joined to the 5'-most residue of 
the mRNA via a 5'-5' triphosphate linkage. The 5' cap region 
of an mRNA is considered to include the 5' cap structure 
itself as well as the first 50 nucleotides adjacent to the cap. 
The cap region may also be a preferred target region. 
0132 Although some eukaryotic mRNA transcripts are 
directly translated, many contain one or more regions, 
known as “introns,” that are excised from a transcript before 
it is translated. The remaining (and therefore translated) 
regions are known as “exons' and are spliced together to 
form a continuous mRNA sequence. mRNA splice sites (i.e., 
intron-exonjunctions) may also be preferred target regions, 
and are particularly useful in situations where aberrant 
splicing is implicated in disease, or where an overproduction 
of a particular mRNA splice product is implicated in disease. 
Aberrant fusionjunctions due to rearrangements or deletions 
are also preferred targets. It has also been found that introns 
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can also be effective, and therefore preferred, target regions 
for antisense compounds targeted, for example, to DNA or 
pre-mRNA. 

0133) Once one or more target sites have been identified, 
oligonucleotides are chosen that are Sufficiently complemen 
tary to the target (i.e., hybridize sufficiently well and with 
sufficient specificity) to give the desired effect. For example, 
in preferred embodiments of the present invention, antisense 
oligonucleotides are targeted to or near the start codon. 

0.134. In the context of this invention, “hybridization.” 
with respect to antisense compositions and methods, means 
hydrogen bonding, which may be Watson-Crick, Hoogsteen 
or reversed Hoogsteen hydrogen bonding, between comple 
mentary nucleoside or nucleotide bases. For example, 
adenine and thymine are complementary nucleobases that 
pair through the formation of hydrogen bonds. It is under 
stood that the sequence of an antisense compound need not 
be 100% complementary to that of its target nucleic acid to 
be specifically hybridizable. An antisense compound is 
specifically hybridizable when binding of the compound to 
the target DNA or RNA molecule interferes with the normal 
function of the target DNA or RNA to cause a loss of utility, 
and there is a sufficient degree of complementarity to avoid 
non-specific binding of the antisense compound to non 
target sequences under conditions in which specific binding 
is desired (i.e., under physiological conditions in the case of 
in vivo assays or therapeutic treatment, and in the case of in 
vitro assays, under conditions in which the assays are 
performed). 

0.135 Antisense compounds are commonly used as 
research reagents and diagnostics. For example, antisense 
oligonucleotides, which are able to inhibit gene expression 
with specificity, can be used to elucidate the function of 
particular genes. Antisense compounds are also used, for 
example, to distinguish between functions of various mem 
bers of a biological pathway. 

0.136 The specificity and sensitivity of antisense is also 
applied for therapeutic uses. For example, antisense oligo 
nucleotides have been employed as therapeutic moieties in 
the treatment of disease States in animals and man. Antisense 
oligonucleotides have been safely and effectively adminis 
tered to humans and numerous clinical trials are presently 
underway. It is thus established that oligonucleotides are 
useful therapeutic modalities that can be configured to be 
useful in treatment regimes for treatment of cells, tissues, 
and animals, especially humans. 
0.137 While antisense oligonucleotides are a preferred 
form of antisense compound, the present invention compre 
hends other oligomeric antisense compounds, including but 
not limited to oligonucleotide mimetics such as are 
described below. The antisense compounds in accordance 
with this invention preferably comprise from about 8 to 
about 30 nucleobases (i.e., from about 8 to about 30 linked 
bases), although both longer and shorter sequences may find 
use with the present invention. Particularly preferred anti 
sense compounds are antisense oligonucleotides, even more 
preferably those comprising from about 12 to about 25 
nucleobases. 

0.138 Specific examples of preferred antisense com 
pounds useful with the present invention include oligonucle 
otides containing modified backbones or non-natural inter 
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nucleoside linkages. As defined in this specification, 
oligonucleotides having modified backbones include those 
that retain a phosphorus atom in the backbone and those that 
do not have a phosphorus atom in the backbone. For the 
purposes of this specification, modified oligonucleotides that 
do not have a phosphorus atom in their internucleoside 
backbone can also be considered to be oligonucleosides. 

0139 Preferred modified oligonucleotide backbones 
include, for example, phosphorothioates, chiral phospho 
rothioates, phosphorodithioates, phosphotriesters, ami 
noalkylphosphotriesters, methyl and other alkyl phospho 
nates including 3'-alkylene phosphonates and chiral 
phosphonates, phosphinates, phosphoramidates including 
3'-amino phosphoramidate and aminoalkylphosphorami 
dates, thionophosphoramidates, thionoalkylphosphonates, 
thionoalkylphosphotriesters, and boranophosphates having 
normal 3'-5' linkages. 2'-5' linked analogs of these, and those 
having inverted polarity wherein the adjacent pairs of 
nucleoside units are linked 3'-5' to 5'-3' or 2'-5' to 5'-2'. 
Various salts, mixed salts and free acid forms are also 
included. 

0140 Preferred modified oligonucleotide backbones that 
do not include a phosphorus atom therein have backbones 
that are formed by short chain alkyl or cycloalkyl inter 
nucleoside linkages, mixed heteroatom and alkyl or 
cycloalkyl internucleoside linkages, or one or more short 
chain heteroatomic or heterocyclic internucleoside linkages. 
These include those having morpholino linkages (formed in 
part from the Sugar portion of a nucleoside); siloxane 
backbones; sulfide, sulfoxide and sulfone backbones; for 
macetyl and thioformacetyl backbones; methylene for 
macetyl and thioformacetyl backbones; alkene containing 
backbones; Sulfamate backbones; methyleneimino and 
methylenehydrazino backbones; Sulfonate and Sulfonamide 
backbones; amide backbones; and others having mixed N, 
O. S and CH2 component parts. 

0141. In other preferred oligonucleotide mimetics, both 
the Sugar and the internucleoside linkage (i.e., the backbone) 
of the nucleotide units are replaced with novel groups. The 
base units are maintained for hybridization with an appro 
priate nucleic acid target compound. One Such oligomeric 
compound, an oligonucleotide mimetic that has been shown 
to have excellent hybridization properties, is referred to as a 
peptide nucleic acid (PNA). In PNA compounds, the sugar 
backbone of an oligonucleotide is replaced with an amide 
containing backbone, in particular an aminoethylglycine 
backbone. The nucleobases are retained and are bound 
directly or indirectly to aza nitrogen atoms of the amide 
portion of the backbone. Representative United States pat 
ents that teach the preparation of PNA compounds include, 
but are not limited to, U.S. Pat. Nos. 5,539,082; 5,714,331; 
and 5,719,262, each of which is herein incorporated by 
reference. Further teaching of PNA compounds can be found 
in Nielsen et al., Science 254:1497 (1991). 
0142 Most preferred embodiments of the invention are 
oligonucleotides with phosphorothioate backbones and oli 
gonucleosides with heteroatom backbones, and in particular 
CH, NH-O-CH , CH, N(CH)–O 

CH (known as a methylene (methylimino) or MMI 
backbone), CH, O N(CH)—CH2—, CH 
N(CH) N(CH)—CH2—, and —O N(CH)—CH 
CH (wherein the native phosphodiester backbone is 
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represented as —O—P O CH ) of the above refer 
enced U.S. Pat. No. 5,489,677, and the amide backbones of 
the above referenced U.S. Pat. No. 5,602.240. Also preferred 
are oligonucleotides having morpholino backbone structures 
of the above-referenced U.S. Pat. No. 5,034,506. 
0.143 Modified oligonucleotides may also contain one or 
more substituted sugar moieties. Preferred oligonucleotides 
comprise one of the following at the 2' position: OH: F: O , 
S , or N-alkyl: O , S: , or N-alkenyl: O - S - or 
N-alkynyl: or O-alkyl-O-alkyl, wherein the alkyl, alkenyl 
and alkynyl may be substituted or unsubstituted C to Co 
alkyl or C to Coalkenyl and alkynyl. Particularly preferred 
are O((CH), O), CH, O(CH), OCH, O(CH), NH, 
O(CH), CH, O(CH), ONH, and 
O(CH), ON(CH2)CH)), where n and m are from 1 to 
about 10. Other preferred oligonucleotides comprise one of 
the following at the 2' position: C to Co lower alkyl, 
substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or 
O-aralkyl, SH, SCH, OCN, Cl, Br, CN, CF. OCF, 
SOCH, SOCH, ONO, NO, N, NH, heterocycloalkyl, 
heterocycloalkaryl, aminoalkylamino, polyalkylamino, Sub 
stituted silyl, an RNA cleaving group, a reporter group, an 
intercalator, a group for improving the pharmacokinetic 
properties of an oligonucleotide, or a group for improving 
the pharmacodynamic properties of an oligonucleotide, and 
other Substituents having similar properties. A preferred 
modification includes 2'-methoxyethoxy (2'-O- 
CHCHOCH, also known as 2'-O-(2-methoxyethyl) or 
2'-MOE) (Martin et al., Helv. Chim. Acta 78:486 (1995)) 
i.e., an alkoxyalkoxy group. A further preferred modification 
includes 2'-dimethylaminooxyethoxy (i.e., a 
O(CH).ON(CH4), group), also known as 2'-DMAOE, and 
2'-dimethylaminoethoxyethoxy (also known in the art as 
2'-O-dimethylaminoethoxyethyl or 2'-DMAEOE), i.e., 
2'-O CH, O CH N(CH2). 
0.144 Other preferred modifications include 2'-meth 
oxy(2'-O-CH-), 2-aminopropoxy(2'-OCH2CHCH-NH) 
and 2'-fluoro (2'-F). Similar modifications may also be made 
at other positions on the oligonucleotide, particularly the 3' 
position of the sugar on the 3' terminal nucleotide or in 2'-5' 
linked oligonucleotides and the 5' position of 5' terminal 
nucleotide. Oligonucleotides may also have Sugar mimetics 
Such as cyclobutyl moieties in place of the pentofuranosyl 
Sugar. 

0145 Oligonucleotides may also include nucleobase 
(often referred to in the art simply as “base') modifications 
or substitutions. As used herein, “unmodified’ or “natural 
nucleobases include the purine bases adenine (A) and gua 
nine (G), and the pyrimidine bases thymine (T), cytosine (C) 
and uracil (U). Modified nucleobases include other synthetic 
and natural nucleobases such as 5-methylcytosine (5-me-C), 
5-hydroxymethyl cytosine, Xanthine, hypoxanthine, 2-ami 
noadenine, 6-methyl and other alkyl derivatives of adenine 
and guanine, 2-propyl and other alkyl derivatives of adenine 
and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 
5-halouracil and cytosine, 5-propynyl uracil and cytosine, 
6-aZO uracil, cytosine and thymine, 5-uracil(pseudouracil), 
4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hy 
droxyl and other 8-Substituted adenines and guanines, 5-halo 
particularly 5-bromo, 5-trifluoromethyl and other 5-substi 
tuted uracils and cytosines, 7-methylguanine and 7-methy 
ladenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine 
and 7-deazaadenine and 3-deazaguanine and 3-deaZaad 
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enine. Further nucleobases include those disclosed in U.S. 
Pat. No. 3,687,808. Certain of these nucleobases are par 
ticularly useful for increasing the binding affinity of the 
oligomeric compounds of the invention. These include 
5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 
and O-6 Substituted purines, including 2-aminopropylad 
enine, 5-propynyluracil and 5-propynylcytosine. 5-methyl 
cytosine Substitutions have been shown to increase nucleic 
acid duplex stability by 0.6-1.2. degree C. and are presently 
preferred base substitutions, even more particularly when 
combined with 2'-O-methoxyethyl sugar modifications. 

0146) Another modification of the oligonucleotides of the 
present invention involves chemically linking to the oligo 
nucleotide one or more moieties or conjugates that enhance 
the activity, cellular distribution or cellular uptake of the 
oligonucleotide. Such moieties include but are not limited to 
lipid moieties such as a cholesterol moiety, cholic acid, a 
thioether, (e.g., hexyl-S-tritylthiol), a thiocholesterol, an 
aliphatic chain, (e.g., dodecandiol or undecyl residues), a 
phospholipid, (e.g., di-hexadecyl-rac-glycerol or triethylam 
monium 1.2-di-O-hexadecyl-rac-glycero-3-H-phospho 
nate), a polyamine or a polyethylene glycol chain or ada 
mantane acetic acid, a palmityl moiety, or an 
octadecylamine or hexylamino-carbonyl-oxycholesterol 
moiety. 

0147 One skilled in the relevant art knows well how to 
generate oligonucleotides containing the above-described 
modifications. The present invention is not limited to the 
antisense oligonucleotides described above. Any Suitable 
modification or substitution may be utilized. 
0148. It is not necessary for all positions in a given 
compound to be uniformly modified, and in fact more than 
one of the aforementioned modifications may be incorpo 
rated in a single compound or even at a single nucleoside 
within an oligonucleotide. The present invention also 
includes antisense compounds that are chimeric compounds. 
“Chimeric' antisense compounds or "chimeras, in the 
context of the present invention, are antisense compounds, 
particularly oligonucleotides, which contain two or more 
chemically distinct regions, each made up of at least one 
monomer unit, i.e., a nucleotide in the case of an oligo 
nucleotide compound. These oligonucleotides typically con 
tain at least one region wherein the oligonucleotide is 
modified so as to confer upon the oligonucleotide increased 
resistance to nuclease degradation, increased cellular 
uptake, and/or increased binding affinity for the target 
nucleic acid. An additional region of the oligonucleotide 
may serve as a Substrate for enzymes capable of cleaving 
RNA:DNA or RNA:RNA hybrids. By way of example, 
RNaseH is a cellular endonuclease that cleaves the RNA 
strand of an RNA:DNA duplex. Activation of RNase H, 
therefore, results in cleavage of the RNA target, thereby 
greatly enhancing the efficiency of oligonucleotide inhibi 
tion of gene expression. Consequently, comparable results 
can often be obtained with shorter oligonucleotides when 
chimeric oligonucleotides are used, compared to phospho 
rothioate deoxyoligonucleotides hybridizing to the same 
target region. Cleavage of the RNA target can be routinely 
detected by gel electrophoresis and, if necessary, associated 
nucleic acid hybridization techniques known in the art. 

0149 Chimeric antisense compounds of the present 
invention may be formed as composite structures of two or 
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more oligonucleotides, modified oligonucleotides, oligo 
nucleosides and/or oligonucleotide mimetics as described 
above. 

0150. The present invention also includes pharmaceutical 
compositions and formulations that include the antisense 
compounds of the present invention as described below. 
0151 B. Genetic Therapies 
0152 The present invention contemplates the use of any 
genetic manipulation for use in modulating the expression of 
Vimentin. Examples of genetic manipulation include, but are 
not limited to, gene knockout (e.g., removing the vimentin 
from the chromosome using, for example, recombination), 
expression of antisense constructs with or without inducible 
promoters, and the like. Delivery of nucleic acid construct to 
cells in vitro or in vivo may be conducted using any Suitable 
method. A suitable method is one that introduces the nucleic 
acid construct into the cell such that the desired event occurs 
(e.g., expression of an antisense construct). 
0.153 Introduction of molecules carrying genetic infor 
mation into cells is achieved by any of various methods 
including, but not limited to, directed injection of naked 
DNA constructs, bombardment with gold particles loaded 
with said constructs, and macromolecule mediated gene 
transfer using, for example, liposomes, biopolymers, and the 
like. Preferred methods use gene delivery vehicles derived 
from viruses, including, but not limited to, adenoviruses, 
retroviruses, vaccinia viruses, and adeno-associated viruses. 
Because of the higher efficiency as compared to retroviruses, 
vectors derived from adenoviruses are the preferred gene 
delivery vehicles for transferring nucleic acid molecules into 
host cells in vivo. Adenoviral vectors have been shown to 
provide very efficient in vivo gene transfer into a variety of 
Solid tumors in animal models and into human Solid tumor 
Xenografts in immune-deficient mice. Examples of adenovi 
ral vectors and methods for gene transfer are described in 
PCT publications WO 00/12738 and WO 00/09675 and U.S. 
Pat. Nos. 6,033,908, 6,019,978, 6.001557, 5,994,132, 
5,994,128, 5,994,106, 5,981,225, 5,885,808, 5,872,154, 
5.830,730, and 5,824.544, each of which is herein incorpo 
rated by reference in its entirety. 
0154 Vectors may be administered to subject in a variety 
of ways. For example, in some embodiments of the present 
invention, vectors are administered into tumors or tissue 
associated with tumors using direct injection. In other 
embodiments, administration is via the blood or lymphatic 
circulation (See e.g., PCT publication 99/02685 herein 
incorporated by reference in its entirety). Exemplary dose 
levels of adenoviral vector are preferably 10 to 10' vector 
particles added to the perfusate. 
O155 C. Antibody Therapy 

0.156. In some embodiments, the present invention pro 
vides antibodies that target vimentin and/or vimentin 
expressing tumors for therapeutic and research applications. 
In preferred embodiments, the antibodies used for cancer 
therapy are humanized antibodies. 
0157. In some embodiments, the therapeutic antibodies 
comprise an antibody generated against Vimentin, wherein 
the antibody neutralizes (e.g., inhibits) vimentin activity 
(e.g., extracellular activity). Although an understanding of 
the mechanism is not necessary to practice the present 
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invention and the present invention is not limited to any 
particular mechanism of action, in some embodiments, 
antibodies that are provided by the present invention inhibit 
the ability of Vimentin to cause and/or enhance metastasis 
(e.g., of prostate cancer). 

0158. In some embodiments, the therapeutic antibodies 
comprise an antibody generated against Vimentin, wherein 
the antibody is conjugated to a cytotoxic agent. In Such 
embodiments, a tumor specific therapeutic agent is gener 
ated that does not target normal cells, thus reducing many of 
the detrimental side effects of traditional chemotherapy. For 
certain applications, it is envisioned that the therapeutic 
agents will be pharmacologic agents that will serve as useful 
agents for attachment to antibodies, particularly cytotoxic or 
otherwise anticellular agents having the ability to kill or 
suppress the growth or cell division of endothelial cells. The 
present invention contemplates the use of any pharmaco 
logic agent that can be conjugated to an antibody, and 
delivered in active form. Exemplary anticellular agents 
include chemotherapeutic agents, radioisotopes, and cyto 
toxins. The therapeutic antibodies of the present invention 
may include a variety of cytotoxic moieties, including but 
not limited to, radioactive isotopes (e.g., iodine-131, iodine 
123, technicium-99m, indium-111, rhenium-188, rhenium 
186, gallium-67, copper-67, yttrium-90, iodine-125 or asta 
tine-211), hormones Such as a steroid, antimetabolites Such 
as cytosines (e.g., arabinoside, fluorouracil, methotrexate or 
aminopterin; an anthracycline; mitomycin C), Vinca alka 
loids (e.g., demecolcine: etoposide; mithramycin), and anti 
tumor alkylating agent such as chlorambucil or melphalan. 
Other embodiments may include agents such as a coagulant, 
a cytokine, growth factor, bacterial endotoxin or the lipid A 
moiety of bacterial endotoxin. For example, in some 
embodiments, therapeutic agents will include plant-, fungus 
or bacteria-derived toxin, such as an A chain toxins, a 
ribosome inactivating protein, C.-sarcin, aspergillin, restric 
tocin, a ribonuclease, diphtheria toxin or pseudomonas exo 
toxin, to mention just a few examples. In some preferred 
embodiments, deglycosylated ricin A chain is utilized. 

0159. In any event, it is proposed that agents such as 
these may, if desired, be successfully conjugated to an 
antibody, in a manner that will allow their targeting, inter 
nalization, release or presentation to blood components at 
the site of the targeted tumor cells as required using known 
conjugation technology (See, e.g., Ghose et al., Methods 
Enzymol. 93:280 (1983)). 

0160 For example, in some embodiments the present 
invention provides immunotoxins targeted to vimentin. 
Immunotoxins are conjugates of a specific targeting agent 
typically a tumor-directed antibody or fragment, with a 
cytotoxic agent. Such as a toxin moiety. The targeting agent 
directs the toxin to, and thereby selectively kills, cells 
carrying the targeted antigen. In some embodiments, thera 
peutic antibodies employ crosslinkers that provide high in 
vivo stability (See, e.g., Thorpe et al., Cancer Res., 48:6396 
(1988)). 
0161 In other embodiments, particularly those involving 
treatment of Solid tumors, antibodies are designed to have a 
cytotoxic or otherwise anticellular effect against the tumor 
vasculature, by Suppressing the growth or cell division of the 
vascular endothelial cells. This attack is intended to lead to 
a tumor-localized vascular collapse, depriving the tumor 
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cells, particularly those tumor cells distal of the vasculature, 
of oxygen and nutrients, ultimately leading to cell death and 
tumor necrosis. 

0162. In preferred embodiments, antibody based thera 
peutics are formulated as pharmaceutical compositions as 
described below. In preferred embodiments, administration 
of an antibody composition of the present invention results 
in a measurable decrease in cancer (e.g., decrease or elimi 
nation of tumor) and/or a measurable decrease in cancer 
(e.g., prostate cancer) metastasis. 

0.163 D. Pharmaceutical Compositions 
0164. The present invention further provides pharmaceu 

tical compositions (e.g., comprising the therapeutic com 
pounds described above). The pharmaceutical compositions 
of the present invention may be administered in a number of 
ways depending upon whether local or systemic treatment is 
desired and upon the area to be treated. Administration may 
be topical (including ophthalmic and to mucous membranes 
including vaginal and rectal delivery), pulmonary (e.g., by 
inhalation or insufflation of powders or aerosols, including 
by nebulizer, intratracheal, intranasal, epidermal and trans 
dermal), oral or parenteral. Parenteral administration 
includes intravenous, intraarterial, Subcutaneous, intraperi 
toneal or intramuscular injection or infusion; or intracranial, 
e.g., intrathecal or intraventricular, administration. Oligo 
nucleotides with at least one 2'-O-methoxyethyl modifica 
tion are believed to be particularly useful for oral adminis 
tration. 

0.165 Pharmaceutical compositions and formulations for 
topical administration may include transdermal patches, 
ointments, lotions, creams, gels, drops, Suppositories, 
sprays, liquids and powders. Conventional pharmaceutical 
carriers, aqueous, powder or oily bases, thickeners and the 
like may be necessary or desirable. 

0166 Compositions and formulations for oral adminis 
tration include powders or granules, Suspensions or solu 
tions in water or non-aqueous media, capsules, Sachets or 
tablets. Thickeners, flavoring agents, diluents, emulsifiers, 
dispersing aids or binders may be desirable. 

0.167 Compositions and formulations for parenteral, 
intrathecal or intraventricular administration may include 
sterile aqueous solutions that may also contain buffers, 
diluents and other suitable additives such as, but not limited 
to, penetration enhancers, carrier compounds and other 
pharmaceutically acceptable carriers or excipients. 

0168 Pharmaceutical compositions of the present inven 
tion include, but are not limited to, Solutions, emulsions, and 
liposome-containing formulations. These compositions may 
be generated from a variety of components that include, but 
are not limited to, preformed liquids, self-emulsifying Solids 
and self-emulsifying semisolids. 

0169. The pharmaceutical formulations of the present 
invention, which may conveniently be presented in unit 
dosage form, may be prepared according to conventional 
techniques well known in the pharmaceutical industry. Such 
techniques include the step of bringing into association the 
active ingredients with the pharmaceutical carrier(s) or 
excipient(s). In general the formulations are prepared by 
uniformly and intimately bringing into association the active 
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ingredients with liquid carriers or finely divided solid car 
riers or both, and then, if necessary, shaping the product. 
0170 The compositions of the present invention may be 
formulated into any of many possible dosage forms such as, 
but not limited to, tablets, capsules, liquid syrups, soft gels, 
Suppositories, and enemas. The compositions of the present 
invention may also be formulated as Suspensions in aqueous, 
non-aqueous or mixed media. Aqueous Suspensions may 
further contain substances that increase the viscosity of the 
Suspension including, for example, Sodium carboxymethyl 
cellulose, Sorbitol and/or dextran. The Suspension may also 
contain stabilizers. 

0171 In one embodiment of the present invention the 
pharmaceutical compositions may be formulated and used as 
foams. Pharmaceutical foams include formulations such as, 
but not limited to, emulsions, microemulsions, creams, 
jellies and liposomes. While basically similar in nature these 
formulations vary in the components and the consistency of 
the final product. 
0172 Agents that enhance uptake of oligonucleotides at 
the cellular level may also be added to the pharmaceutical 
and other compositions of the present invention. For 
example, cationic lipids, such as lipofectin (U.S. Pat. No. 
5,705, 188), cationic glycerol derivatives, and polycationic 
molecules, such as polylysine (WO 97/30731), also enhance 
the cellular uptake of oligonucleotides. 
0173 The compositions of the present invention may 
additionally contain other adjunct components convention 
ally found in pharmaceutical compositions. Thus, for 
example, the compositions may contain additional, compat 
ible, pharmaceutically-active materials such as, for example, 
antipruritics, astringents, local anesthetics or anti-inflamma 
tory agents, or may contain additional materials useful in 
physically formulating various dosage forms of the compo 
sitions of the present invention, such as dyes, flavoring 
agents, preservatives, antioxidants, opacifiers, thickening 
agents and stabilizers. However, such materials, when 
added, should not unduly interfere with the biological activi 
ties of the components of the compositions of the present 
invention. The formulations can be sterilized and, if desired, 
mixed with auxiliary agents, e.g., lubricants, preservatives, 
stabilizers, wetting agents, emulsifiers, salts for influencing 
osmotic pressure, buffers, colorings, flavorings and/or aro 
matic substances and the like which do not deleteriously 
interact with the nucleic acid(s) of the formulation. 
0174 Certain embodiments of the invention provide 
pharmaceutical compositions containing (a) one or more 
antisense compounds and/or antibodies and (b) one or more 
other chemotherapeutic agents that function by a non 
antisense mechanism. Examples of Such chemotherapeutic 
agents include, but are not limited to, anticancer drugs such 
as daunorubicin, dactinomycin, doxorubicin, bleomycin, 
mitomycin, nitrogen mustard, chlorambucil, melphalan, 
cyclophosphamide, 6-mercaptopurine, 6-thioguanine, cyt 
arabine (CA), 5-fluorouracil (5-FU), floxuridine (5-FUdR). 
methotrexate (MTX), colchicine, Vincristine, vinblastine, 
etoposide, teniposide, cisplatin and diethylstilbestrol (DES). 
Anti-inflammatory drugs, including but not limited to non 
steroidal anti-inflammatory drugs and corticosteroids, and 
antiviral drugs, including but not limited to ribivirin, Vidara 
bine, acyclovir and ganciclovir, may also be combined in 
compositions of the invention. Other non-antisense chemo 
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therapeutic agents are also within the scope of this invention. 
Two or more combined compounds may be used together or 
sequentially. 
0.175 Dosing is dependent on severity and responsive 
ness of the disease state to be treated, with the course of 
treatment lasting from several days to several months, or 
until a cure is effected or a diminution of the disease state is 
achieved. Optimal dosing schedules can be calculated from 
measurements of drug accumulation in the body of the 
patient. The administering physician can easily determine 
optimum dosages, dosing methodologies and repetition 
rates. Optimum dosages may vary depending on the relative 
potency of individual oligonucleotides, and can generally be 
estimated based on ECsos found to be effective in in vitro 
and in Vivo animal models or based on the examples 
described herein. In general, dosage is from 0.01 ug to 100 
g per kg of body weight, and may be given once or more 
daily, weekly, monthly or yearly. The treating physician can 
estimate repetition rates for dosing based on measured 
residence times and concentrations of the drug in bodily 
fluids or tissues. Following Successful treatment, it may be 
desirable to have the Subject undergo maintenance therapy 
to prevent the recurrence of the disease state, wherein the 
oligonucleotide is administered in maintenance doses, rang 
ing from 0.01 ug to 100 g per kg of body weight, once or 
more daily, to once every 20 years. 

EXPERIMENTAL 

0176) The following examples are provided in order to 
demonstrate and further illustrate certain preferred embodi 
ments and aspects of the present invention and are not to be 
construed as limiting the scope thereof. 

EXAMPLE 1. 

Vimentin is a Biologically Active, Extracellular 
Molecule 

0177 Studies (See, e.g., Mor-Vakninet al., (2002) Nature 
Cell Biology, 5(1):59-63; and U.S. Patent application Ser. 
No. 10/670,065, published Jun. 24, 2004, herein incorpo 
rated by reference in its entirety for all purposes) using 
human MDM grown in tissue culture Suggested that Vimen 
tin plays a role in the immune response to E. coli and other 
pathogenic bacteria. 
0.178 This was further studied using vimentin knockout 
mice (originally provided by Professor Charles Babinet of 
the Institut Pasteur, and obtained from Dr. Albee Messing at 
the University of Wisconsin). Control mice were produced 
by backbreeding the knockout mice with the wild-type strain 
from which they came, 129/SVEV. Prior to use in experi 
ments, control mice were back-bred for at least five genera 
tions. Production of both superoxide and of nitric oxide, two 
mediators of bacterial killing, was much greater in the 
peritoneal macrophages from Vimentin knockout mice than 
from control mice. 

0.179 When knockout mice and controls were given an 
intraperitoneal challenge with E. coli, control mice exhibited 
a much higher level of bacteremia than did knockout mice. 
Consistent with this, survival was considerably greater in the 
knockout mice than in the control mice. Further, treatment 
of wild-type mice with neutralizing antibodies to vimentin 
significantly prolonged the lives of mice challenged with E. 
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coli. Thus, secreted vimentin plays an active role in inhib 
iting the killing of E. coli. The animal studies using anti 
vimentin antibodies further support the observation that 
Vimentin is a biologically active, extracellular molecule. In 
view of the data concerning vimentin and prostate cancer 
described above, it was determined whether secreted vimen 
tin might also play a role in prostate cancer pathogenesis. 

EXAMPLE 2 

Vimentin is Expressed in Prostate Cancer Cells 
0180 Four prostate cancer cell lines were obtained of 
varying invasiveness from Dr. Evan Keller at the University 
of Michigan. Among these are LNCaP cells, which are 
minimally invasive. The other three cell lines, PC-3. 
PC-3M-LN4, and C4-2B, are all highly invasive. While their 
basal levels of invasion are similar, their metastatic capa 
bilities in mice differ. LNCaP are non-tumorigenic/meta 
static, while C4-2B will spontaneously metastasize. PC-3 is 
highly metastatic and PC-3M-LN4 cells were selected from 
PC-3 to be even more aggressive. Thus, the order of aggres 
Siveness is as follows: PC-3M-LN4>PC-3>C4 
2BLNCaP. 

0181 Western blots were performed on lysates from 
these four cell lines using an anti-Vimentin antibody to 
assess the expression of vimentin. Western blots were also 
performed on the supernatants of each cell line. The highest 
levels of vimentin occurred in the lysate of the most invasive 
cell line (PC-3M-LN4), the lowest levels occurred in the 
least invasive cell line (LNCaP), and the vimentin levels of 
the other two lysates were roughly similar and fell between 
those of the LNCaP and PC-3M-LN4. Moreover, vimentin 
was found in the Supernatants of the most aggressive cell 
lines, PC-3 and PC-3M-LN4. Thus, the present invention 
demonstrates that Vimentin is secreted by aggressive, meta 
static prostate cancer cells. 

EXAMPLE 3 

Vimentin is Secreted by Highly Invasive, 
Metastatic Prostate Cancer Cells 

0182 Vimentin is secreted by prostate cancer cells 
PC-3M-LN4 and PC-3 cell lines were treated with mon 
ensin, a relatively specific Golgi blocker used in Studies of 
MDM (See, e.g., Mor-Vaknin et al., (2002) Nature Cell 
Biology, 5(1):59-63; and FIG. 1). The ability of monensin to 
block Vimentin from being released into the Supernatants 
demonstrates that Vimentin is actively secreted through the 
Golgi as it is in MDM (See, e.g., Mor-Vaknin et al., (2002) 
Nature Cell Biology, 5(1):59-63). Western blots of cell 
lysates and Supernatants from these cell lines further dem 
onstrate that Vimentin was no longer released into the 
Supernatants of monensin-treated cells. These experiments 
and multiple cell viability studies indicate that vimentin is 
actively secreted by the cells, and not leaked during apop 
tosis or necrosis. 

EXAMPLE 4 

Invasion and Migration Assays 
0183) Next, a series of invasion and migration assays was 
performed, using the most aggressive cell line, PC-3M-LN4. 
in a Matrigel system, to investigate whether extracellular 
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Vimentin contributes to the pathogenic potential of prostate 
cancer cells. The cells were treated with either polyclonal 
anti-vimentin antibodies, monoclonal anti-Vimentin antibod 
ies (V9), control goat serum, or control IgG. Using Epider 
mal Growth Factor 1 (EGF-1) as a chemoattractant, it was 
determined that treatment with polyclonal anti-vimentin 
antibodies resulted in a statistically significant decrease in 
the number of cells capable of migrating through the Matri 
gel membrane (See FIG. 2). A difference in invasive ability 
was also found. 

EXAMPLE 5 

Inhibition of Vimentin 

0.184 Based upon data obtained in examples 1-4, anti 
Vimentin polyclonal antibodies were tested in a mouse 
model of prostate tumor bone metastases. Ten CB. 17 SCID 
mice were injected with vimentin-expressing PC-3M-LN4 
prostate cancer cells, 5x10 cells into the tibia and 1x10' 
cells subcutaneously. The animals were then divided into 
two groups of five mice, one group received anti-Vimentin 
antibody, and the other group received isotype control (1 mg 
Ab/100 ul/mouse) twice weekly IP. Therapy began one week 
prior to tumor cell injection and continued until day 40 after 
tumor cell injection. The tibias were visualized by faxitron 
analysis and blood samples were taken. Tibias were then 
removed and bone mineral density was evaluated by dex 
atron. No differences in gross bone mineral density was 
observed. Readily visible tumors were observed in 3/5 
animals of the control group whereas no readily visible 
tumors were observed in animals that received anti-vimentin 
antibody. 

EXAMPLE 6 

Vimentin as a Biomarker for Prostate Cancer 

0185. As described in the examples above, high levels of 
Vimentin expression are correlated with malignant pheno 
type in prostate cancer cells. Thus, the present invention 
demonstrates that Vimentin can serve as a diagnostic tool for 
prostate cancer, and as a tool to follow the course of the 
disease. The current test for prostate cancer is the Prostate 
Specific Antigen (PSA) test, that relies on PSA levels to 
indicate the risk of prostate cancer and to follow disease 
progression. However, recent studies have Suggested various 
problems with the PSA test, including that high PSA levels 
may only indicate an enlarged prostate, not the presence of 
prostate cancer (Troyer et al., (2004). Disease Markers, 
20(2): 117-28). Thus, a new, more specific test for prostate 
cancer is needed. The present invention provides vimentinas 
a biomarker for prostate cancer. In some embodiments, the 
present invention contemplates characterizing urine samples 
from prostate cancer patients and healthy controls for levels 
of Vimentin using Western blot analysis, quantitated by 
densitometry. In some embodiments, a quantitative ELISA 
assay is utilized for the detection of vimentin in urine. The 
present invention provides recombinant human vimentin 
(e.g., generated using a Baculoviral expression system). 
Using this recombinant vimentin, a vimentin ELISA is used 
to more quantitatively assess vimentin levels in the urine. 
0186 All publications and patents mentioned in the 
above specification are herein incorporated by reference. 
Various modifications and variations of the described com 



US 2007/0202112 A1 

positions and methods of the invention will be apparent to 
those skilled in the art without departing from the scope and 
spirit of the invention. Although the invention has been 
described in connection with specific preferred embodi 
ments, it should be understood that the invention as claimed 
should not be unduly limited to such specific embodiments. 
Indeed, various modifications of the described modes for 
carrying out the invention that are obvious to those skilled 
in the relevant fields are intended to be within the scope of 
the present invention. 
We claim: 

1. A method for identifying prostate cancer comprising: 
a) providing a sample, wherein said sample contains 

extracellular proteins; and 
b) detecting the presence or absence of Vimentin in said 

sample. 
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2. The method of claim 1, wherein said sample is a urine 
sample. 

3. The method of claim 1, wherein said identifying 
comprises characterizing the aggressiveness of said prostate 
CaCC. 

4. The method of claim 1, wherein said identifying 
comprises characterizing the likelihood of said prostate 
cancer to metastasize. 

5. A method of inhibiting prostate cancer metastasis in a 
Subject comprising providing to said Subject an inhibitor of 
Vimentin under conditions such that the expression and/or 
activity of vimentin is altered in said subject. 

6. The method of claim 5, wherein said inhibitor is an 
antibody. 

7. The method of claim 5, wherein said inhibitor is an 
siRNA. 


