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(57) ABSTRACT 

A subpopulation of cancer stem cells expressing elevated 
levels of uPAR have been identi?ed among a population of 
cancer cells. Methods are provided for treating proliferative 
disorders such as cancer by administering one or more uPAR 
inhibitors. Methods are likewise provided for predicting the 
likelihood of recurrence of a cancer, preventing recurrence 
of a cancer, and identifying the likelihood of a cancer to 
respond to a particular cancer therapy. 
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Figure 2 
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Figure 7 
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Figure 8 
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Figure 10 

Inhibition of migration NSC F3 

‘ Migration NSC F3 
uPAR 
Bik 5\\\\\\\\\\\\\\\\\\\§§§§§§\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\§ 

m. 

m w m=ou @2295 





Patent Application Publication Oct. 18, 2007 Sheet 12 0f 14 US 2007/0244046 A1 

Figure 12 
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Figure 13 
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IDENTIFICATION AND CHARACTERIZATION OF 
CANCER STEM CELLS AND METHODS OF USE 

RELATED APPLICATIONS 

[0001] The present application claims priority to US. 
Provisional Application No. 60/786,919, ?led Mar. 29, 
2006, the disclosure of Which is incorporated by reference 
herein in its entirety, including drawings. 

BACKGROUND 

[0002] The cancer stem cell hypothesis suggests that neo 
plastic clones are maintained by a small sub-population of 
tumor cells With stem cell-like properties, and that these 
cells are responsible for tumor groWth and invasiveness 
(Al-Hajj 2003; Dick 2003; Galli 2004; Hope 2004; Kondo 
2004; Singh 2004; Gao 2005). Recently, the concept of 
“cancer stem cells” has gained more prominence, With 
increasing evidence to suggest the presence of a distinct 
subset of cells Within the tumor mass that possess high 
potential for tumorigenicity and invasiveness (Bjerkvig 
2005; Lahad 2005). The term “cancer stem cell” has been 
described operationally as a cancer cell that has the ability 
to self-reneW by asymmetric cell division. Asymmetric cell 
division results in a second generation malignant stem cell 
and a cell that gives rise to the phenotypically diverse tumor 
cell population (Bjerkvig 2005). Tumor cells that combine 
the traits of sternness and mobility hold important clues for 
malignant progression (BrabletZ 2005a; BrabletZ 2005b). 
Tumor stem cells also have certain features that are common 
to normal stem cells, such as longer lifespan, higher prolif 
erative potential and ability to migrate. 

[0003] The abundance of cancer stem cells may vary 
Within different tumors. Studies of myeloid leukemia, breast 
cancer, and brain cancers have described the de?ning char 
acteristics of cancer stem cells (Al-Hajj 2003; Dick 2003; 
Hope 2004; Singh 2004). Cancer stem cells may be respon 
sible for maintaining the malignant potential of a tumor, and 
may serve as the underlying cause of tumor recurrence. 
Current treatment strategies may miss targeting this distinct 
sub-population, and could explain initial therapeutic 
response and subsequent recurrence. Therefore, there is a 
need for methods of identifying and characteriZing cancer 
stem cells, Which Will alloW for the development of treat 
ment methods that reduce or eliminate this critical cell 
population and thereby increase the effectiveness of various 
cancer therapies. 

SUMMARY 

[0004] In certain embodiments, methods are provided for 
treating cancer in a subject by administering a uPAR inhibi 
tor. In certain of these embodiments, one or more anticancer 
agents are administered in conjunction With the uPAR 
inhibitor. 

[0005] In certain embodiments, methods are provided for 
preventing recurrence of cancer in a subject by administer 
ing a uPAR inhibitor. In certain of these embodiments, the 
cancer is in remission. 

[0006] In certain embodiments, methods are provided for 
predicting the likelihood that a particular cancer Will recur in 
a subject by measuring uPAR expression in one or more 
cancer cells from a subject diagnosed With cancer, Wherein 
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elevated uPAR expression in the cancer cells indicates a 
higher likelihood of recurrence. 

[0007] In certain embodiments, methods are provided for 
identifying a subject With cancer Who is likely to respond 
favorably to treatment With a uPAR inhibitor by measuring 
uPAR expression levels in one or more cancer cells obtained 
from the subject, Wherein elevated uPAR expression in the 
cancer cells indicates a greater likelihood that the subject 
Will respond favorably to the treatment. 

[0008] In certain embodiments, methods are provided for 
treating cancer in a subject by measuring uPAR expression 
levels in one or more cancer cells from the subject, then 
administering one or more uPAR inhibitors to the subject if 
one or more of these cells exhibit elevated uPAR expression. 

[0009] In certain embodiments, methods are provided for 
identifying the most invasive subpopulation of cells Within 
a cancer cell population, Wherein this invasive subpopula 
tion is identi?ed based on elevated uPAR expression levels. 

[0010] In certain embodiments, a kit is provided for deter 
mining the likelihood that a subject With cancer Will respond 
favorably to treatment With one or more uPAR inhibitors. In 
certain embodiments, such a kit includes a means for mea 
suring uPAR expression levels in one or more cancer cells 
from said subject. 

[0011] In certain embodiments, methods are provided for 
increasing the sensitivity of a cancer cell to treatment With 
an anticancer agent by inhibiting uPAR expression in the 
cancer cell. In these embodiments, increasing the sensitivity 
of the cancer cell to treatment increases the effectiveness of 
the anticancer agent. 

[0012] In certain embodiments, methods are provided for 
obtaining one or more cancer stem cells from a cancer cell 

population by sorting the cancer cell population based on 
uPAR expression. In these embodiments, cancer stem cells 
are those cells from the cancer cell population that exhibit 
elevated uPAR expression. Cancer stem cells identi?ed and 
isolated by this method are also provided. 

[0013] In addition to the exemplary embodiments 
described above, further embodiments and aspects Will 
become apparent by reference to the draWings and by study 
of the folloWing descriptions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1: FloW cytometric analysis of uPAR expres 
sion in SCLC-derived cell lines. (A, B, C) Lung-derived 
SCLC cell lines, (D, E) metastatic bone marroW and (F) 
metastatic brain cell lines. All cells Were cultured in RPMI 
1640 medium, stained With uPAR-FITC antibody and ana 
lyZed by How cytometry (loWer panels). Control staining 
Was performed using FITC-conjugated, isotype-matched 
mouse IgG (upper panels). A small population of uPAR 
positive cells Was detected in all cell lines examined, and is 
indicated as percent of R1-gated viable cells. Results shoWn 
are representative of three independent experiments. 

[0015] FIG. 2: Cytotoxic effect of 5-FU on non-sorted and 
sorted (uPAR-positive and uPAR-negative populations) 
derived from SCLC cell lines. (A) 16104 cells (H211, 
H69AR, H1417) Were placed in Wells of a 48-well plate in 
triplicates and incubated for 72 hr in the presence of varying 
concentrations of 5-FU. (B) SCLC cell lines Were FACS 
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sorted after staining With anti-uPAR antibodies and Were 
plated at the same seeding density (46103/Well of 96-Well 
plate) and treated With 5-FU at 0, 10, 100, 200 mg/ml for 72 
hr. Cell survival Was evaluated after adding Guava ViaCount 
reagent and counting viable and dead cells. Only viable cells 
Were included in data analysis, and 100% viability Was 
de?ned as number of viable cells cultured in absence of 
S-FU. Statistical analysis (2-Way ANOVA) of uPAR(+) and 
uPAR(2) data sets revealed signi?cant differences among 
viability of uPAR(+) and uPAR(2) cells (P=0.0002, 0.0027, 
0.0008 for H211, H69AR, H1417 cells, respectively). The 
data points represent averagesiSD of three independent 
experiments. 

[0016] FIG. 3: Cytotoxic effect of cisplatin and etoposide 
on non-sorted cells derived from SCLC cell lines. (A) SCLC 
cell lines (non-sorted) treated With cisplatin, etoposide at 
concentrations 0, 3, 10, 100 mg/ml or their combinations 
(cisplatin and etoposide at ?nal concentrations of 10 mg/ml, 
100 mg/ml) for 72 hr. Cell survival Was evaluated after 
addition of Guava ViaCount reagent and counting of both 
surviving and dead cells using Guava ViaCount software. 
Data Were normaliZed as 100% viability of cells cultured in 
absence of drugs. Error bars indicate standard deviation of 
triplicate cultures (results of three independent experi 
ments). (B) After treatment cisplatin and etoposide, viable 
adherent cells Were detached by trypsin treatment and Were 
stained With anti-uPAR-FITC antibodies and percentage of 
uPAR-positive cells Was determined by FACS analysis. 
Sample With mouse IgG isotype control antibody Was used 
to set the value of the FACS gate, Which Was applied to all 
samples stained With uPAR-FITC. 

[0017] FIG. 4: Colony-forming activity of uPAR-positive 
and uPAR-negative cells derived from SCLC cell lines. (A) 
H1417-derived, uPAR-positive sorted cells formed multiple 
colonies in methylcellulose media, While uPAR-negative 
cells from the same sorts displayed little or no clonogenic 
activity. (B) Graphical representation of colony-forming 
ability of uPAR-positive and uPAR-negative cells at differ 
ent plating densities 3000, 1000, 100 cells/6-Well plate 
(H1417, H69AR, H211). (C) Distribution of uPAR-positive 
cells in the colonies derived from sorted uPAR-positive cells 
groWn in methylcellulose media. A total of 20 cell colonies 
from the H1417 cell line Were analyZed. 

[0018] FIG. 5: Expression of CD44 and MDR1 on uPAR 
positive and uPAR-negative cells. (A) FACS analysis of, 
H211, H69AR and H1417 SCLC cell lines double-labeled 
With uPAR-FITC and CD44-PE, MDRl-PE. The percent 
ages of cells expressing CD44 and MDR1 Were calculated 
separately for uPAR-positive and uPAR-negative cells. (B) 
Fluorescent microscopic analysis of double-labeled and 
FACS-sorted cells. Examples of uPAR-FITC/CD44-PE 
double-labeling (a,b,c) and uPAR-FITC/MDRl-PE double 
labeling (d,e,f). (Bf-inset) H1417 cell line stained With 
mouse IgG isotype control-PE (red), isotype control-FITC 
(green) and DAPI (blue). 

[0019] FIG. 6: Expression of uPAR and uPA in various 
cancer cell types. (A) FACS analysis of uPAR expression. 
(B) RT-PCR analysis of uPA and uPAR expression. (C) 
Immunohistochemical analysis of uPAR expression. 
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[0020] FIG. 7: Correlation of uPAR expression on cancer 
cell lines and attraction of stem cells. In vitro migration 
assays Were performed using tumor-conditioned media and 
(A) immortaliZed neural stem cell line HB1.F3.C1 or (B) 
bone marroW-derived mesenchymal stem cells (passages 
5-6). 
[0021] FIG. 8: Expression of uPAR on mesenchymal and 
neural stem cells. 

[0022] FIG. 9: (A) uPA concentration in tumor-condi 
tioned media from various cancer cell lines Was determined 
by ELISA. (B) suPAR concentration in tumor-conditioned 
media from various cancer cell lines Was determined by 
ELISA. (C) Induction of MSC and NSC migration by uPA. 

[0023] FIG. 10: Inhibition of NSC F3 stem cell migration 
by anti-uPAR antibodies and bikunin. 

[0024] FIG. 11: Cytokine expression pro?les in various 
cancer cell lines. 

[0025] FIG. 12: (A) and (B) uPAR expression on tumor 
cells cultured under normoxic or hypoxic conditions. (C) In 
vitro migration assays revealed no signi?cant change in stem 
cell migration toWard conditioned media produced under 
normoxic or hypoxic conditions. 

[0026] FIG. 13: Invasion of bone marroW-derived cell 
lines (CRL-5824) in SCID mice. (A)-(E) Tumor mass groW 
ing in situ in the transplanted human fetal lung. Green 
?uorescent protein (GFP) ?uorescence (A, B), H&E (C), 
uPAR immunohistochemistry (D, E). (F)-(J) Metastasis in 
the mouse lung. GFP ?uorescence (F, G), H&E (H, uPAR 
immunohistochemistry (I, J). Magni?cation 10>< (A-D; F-I) 
and 20x (E, J). 

[0027] FIG. 14: Invasion of brain-derived cell lines (CRL 
5904) in SCID mice. Tumor mass groWing in situ in the 
transplanted human fetal lung (A, D). Metastasis in the 
mouse lung (B, E) and liver (C, F). Immunohistochemical 
staining for human mitochondria (A-C) and uPAR (D-F). 
Intact mouse organs stained for human mitochondria (G-I). 
Scale bars, 200 um (A-I). 

DETAILED DESCRIPTION 

[0028] The folloWing description of the invention is 
merely intended to illustrate various embodiments of the 
invention. As such, the speci?c modi?cations discussed are 
not to be construed as limitations on the scope of the 
invention. It Will be apparent to one skilled in the art that 
various equivalents, changes, and modi?cations may be 
made Without departing from the scope of the invention, and 
it is understood that such equivalent embodiments are to be 
included herein. 

Abbreviations 

[0029] S-FU, 5-?uorouracil; Bik, bikunin; BM, bone mar 
roW; CM, conditioned media; ECM, extracellular matrix; 
ELISA, enzyme-linked immunosorbent assay; FACS, ?uo 
rescence-activated cell sorting; GFP, green ?uorescent pro 
tein; HSC, hematopoietic stem cell; MSC, mesenchymal 
stem cell; NSC, neural stem cell; uPA, urokinase-type plas 
minogen activator; uPAR, urokinase-type plasminogen acti 
vator receptor; SCLC, small cell lung cancer. 

De?nitions 

[0030] The term “uPAR inhibitor” as used herein refers to 
any agent or treatment method that has the ability to block 
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or reduce uPAR expression or uPAR activity When applied 
to a cell, and therefore block or reduce activation of the 
uPA/uPAR system and subsequent intracellular signaling 
pathways. Examples of uPAR inhibitors include anti-uPAR 
antibodies, such as for example antagonistic uPAR antibod 
ies, non-antibody uPAR antagonists (competitive and non 
competitive), and uPA decoy ligands, as Well as agents that 
inhibit uPAR expression or activity such as uPAR speci?c 
siRNA, anti-sense uPAR, and the like. 

[0031] A uPAR inhibitor “increases the effectiveness” of a 
cancer therapeutic agent if it increases the ability of the 
cancer therapeutic to kill or render non-viable a cancer cell 
or group of cells and/or increases the rate at Which the agent 
is able to kill or render non-viable a cancer cell or group of 
cells. 

[0032] RNA interference is a mechanism of post-tran 
scriptional gene silencing in Which double-stranded RNA 
corresponding to a target gene (siRNA) is introduced into a 
cell, resulting in degradation of the corresponding target 
mRNA. RNA interference has been shoWn to be a speci?c 
and effective method of inhibiting expression of a speci?c 
gene. In one embodiment, a uPAR inhibitor is an siRNA for 
targeted inhibition of uPAR expression. Gene-speci?c 
expression inhibition by double-stranded RNA is generally 
described in, for example, U.S. Pat. No. 6,506,559, Which is 
incorporated by reference. Exemplary use of siRNA tech 
nology in treating human cancer is described in Us. Patent 
Application No. 2005/0164970, Which is incorporated by 
reference. 

[0033] The terms “treat,”“treating,” or “treatment” as used 
herein With regards to a condition may refer to preventing 
the condition, sloWing the onset or rate of development of 
the condition, reducing the risk of developing the condition, 
preventing or delaying the development of symptoms asso 
ciated With the condition, reducing or ending symptoms 
associated With the condition, generating a complete or 
partial regression of the condition, or some combination 
thereof. 

[0034] As used herein, “elevated uPAR expression” refers 
to a level of uPAR expression that is above a speci?c 
threshold. In certain embodiments of the invention, this 
threshold may be that level of expression that has been 
determined to indicate that a cancer cell is a cancer stem cell. 

In certain embodiments, a cancer cell from a subject exhibits 
elevated uPAR expression Where it exhibits a higher level of 
uPAR expression than a healthy, non-cancerous cell from the 
same subject. 

[0035] As used herein, the term “reducing the severity” 
means an arrest or decrease in clinical symptom, physiologi 
cal indicator or biochemical marker of proliferative disease 
or cancer. Clinical symptoms include perceptible outWard or 
visible signs of disease. Physiological indicators include 
detection of the presence or absence of physical and chemi 
cal factors associated With a process or function of the body. 
Biochemical markers include those signs of disease that are 
observable at the molecular level, such as the presence of a 
tumor marker. A tumor marker is a substance in the body that 
usually indicates the presence of cancer. Tumor markers are 
usually speci?c to certain types of cancer and are usually 
found in the blood or other tissue sample. One skilled in the 
art Will be able to recogniZe speci?c clinical symptoms, 
physiological indicators and biochemical markers associated 
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With a particular proliferative disease. For example, for 
small cell lung carcinoma, neuron speci?c enolase (NSE), 
carcinoembryogenic antigen (CEA), lactic dehydrogenase 
(LDH) and ferritin are biomarkers of SCLC and are used as 
indicators of extent of disease at diagnoses and monitor of 
response to therapy. 

[0036] The terms “migrating cancer stem cells” and “can 
cer stem cells” as used herein With regards to a sub 
population or subtype of tumor cell refers to those cells 
Within a population of tumor or cancer cells possessing stem 
cell-like properties or phenotypes common to normal stem 
cells. Such phenotypes or characteristics include, for 
example, longer lifespan, higher proliferative potential and 
greater ability to migrate and metastasiZe. 

Cancer Stem Cells 

[0037] The serine protease urokinase-type plasminogen 
activator (uPA) and its cell surface receptor (uPAR) play an 
important role in a number of physiological and pathological 
processes involved in intravascular homeostasis, extracellu 
lar matrix (ECM) integrity, and cell signaling. Binding of 
uPA to uPAR induces proteolysis-dependent and -indepen 
dent intracellular signaling, Which affects cell adhesion, 
migration and proliferation in a variety of cells (Blasi 2002). 

[0038] uPAR is Widely expressed on non-malignant and 
malignant cells, and plays important roles in immune 
response, tissue regeneration, angiogenesis, cancer groWth 
and metastases (Alfano 2005). uPAR expression results from 
the activation of several oncogenic pathWays including 
MAPK, RTK, ERK2, FAK (Dick 2003; Singh 2004; Alfano 
2005; Almasi 2005). Multiple oncogenic mutations in cancer 
cells lead to uncontrolled expression of uPA/uPAR (Kondo 
2004). Various malignant human tumors, including mam 
mary, lung, bladder, kidney, colorectal, stomach, brain, and 
ovarian cancers and melanoma overexpress uPAR, and this 
overexpression is strongly correlated With the most invasive 
cancer phenotypes and poor survival (Aguirre Ghiso 1999; 
Foekens 2000; Lakka 2001; Aref 2003; Rigolin 2003; 
D’Alessio 2004; Meijer-van Gelder 2004; Werle 2004; 
Almasi 2005; Margheri 2005; Pulukuri 2005). The expres 
sion and degradation of uPAR is tightly regulated in normal 
cells, but the mechanism underlying the overexpression of 
uPAR in cancer cells remains unknoWn (CZekay 2001; Blasi 
2002; Lee 2003; Alfano 2005; Montuori 2005). 

[0039] When uPAR Was cloned in 1985, it Was initially 
believed that, upon binding to its ligand uPA, the only 
function of uPAR Was the conversion of plasminogen to the 
serine protease plasmin, Which is involved in the degrada 
tion of the extracellular matrix (Blasi 2002). HoWever, 
recent studies have shoWn that interaction of uPAR With 
receptors of the integrin family, including G-protein-coupled 
receptors and vitronectin, leads to activation of several 
intracellular signal-transduction pathWays involved in cell 
migration, adhesion, proliferation and apoptosis (Aguirre 
Ghiso 1999; Alfano 2005). As a result of these interactions, 
uPAR activates intracellular signaling pathWays that involve 
tyrosine and serine protein kinases such as EGF receptor, 
lymphocyte protein tyrosine kinase (Lck), hematopoietic 
cell kinase (Hck), Src, focal adhesion kinase (FAK), extra 
cellular signal-regulated kinase (ERK), and mitogen-acti 
vated protein kinase (MAPK) (Blasi 2002). Thus, uPAR may 
be unique among cellular receptors because it plays an 
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instrumental role in both tumor growth and dissemination by 
stimulation of tumor cell survival and proliferation, and by 
degradation of ECM to stimulate tumor cell mobility. 

[0040] Small cell lung cancer (SCLC) is the most aggres 
sive type of lung cancer and has a uniformly poor prognosis 
(Pisick 2003). Metastases develop quickly, primarily to bone 
marroW and brain, and are usually present at the time of 
diagnosis. In untreated patients, median survival is tWo 
months from the onset of symptoms (Pisick 2003). Higher 
mortality in squamous cell and non-small cell lung cancer is 
correlated With increased levels of uPAR, detected by immu 
nohistochemistry and ELISA (Werle 2004; Almasi 2005). 
Conversely, inhibition of uPAR in a mouse model of non 
small cell lung cancer inhibited tumor groWth, invasion, 
angiogenesis and metastasis (Rao 2005). 

[0041] As disclosed herein, uPAR expression has been 
identi?ed as an important marker in a small subpopulation of 
cells With cancer stem cell phenotypes properties derived 
from human primary lung small cell lung cancer (SCLC), as 
Well as metastatic bone marroW and brain SCLC. These 
uPAR-positive cells have a high proliferative potential in 
vitro, maintain a tumor mass in situ, and form distant 
metastases in vivo. Additional features of these migrating 
cancer stem cells include dysfunction of p53 tumor-suppres 
sor protein and higher levels of telomerase activity and 
activation. The uPAR-positive cancer stem cells identi?ed 
herein are responsible for primary SCLC tumor groWth and 
formation of distant metastases. Homing of the uPAR 
positive SCLC cells to the human brain and bone marroW 
likely gives rise to micro- and macro-metastatic foci. These 
uPAR-positive cells persist Within the metastases, retaining 
properties of the primary tumor, potentially giving rise to yet 
further metastases. 

[0042] Cancer stem cells should demonstrate characteris 
tics that include: 1) evasion of apoptosis, 2) unlimited 
replicative ability, 3) potential for tissue remodeling With 
invasion, and 4) formation of distant metastases. The uPAR 
positive SCLC cancer stem cells identi?ed herein appear to 
?t these criteria, Which is consistent With previous experi 
mental evidence supporting the role of uPAR in each of 
these processes (Lakka 2005; Margheri 2005). 

[0043] It has been hypothesiZed that tumor stem cells are 
responsible for maintaining the malignant potential of a 
tumor, and may serve as an underlying cause of tumor 
recurrence (Kim 2005; PatraWala 2006). Current treatment 
strategies may fail to target the drug-resistant subpopulation, 
Which may explain the initial therapeutic response of the 
majority of tumor cells folloWed by later recurrence. Indeed, 
it Was found that uPAR-positive SCLC cells Were more 
resistant to treatment With the cytotoxic agents S-FU, cis 
platin, and etoposide than uPAR-negative cells. lmportantly, 
culturing of SCLC cells in the presence of cisplatin and 
etoposide resulted in selective killing of uPAR-negative 
cells, With concomitant enrichment of the uPAR-positive 
cell population. 

[0044] uPAR-positive cells isolated from three SCLC lines 
Were able to proliferate and form multiple colonies in 
methylcellulose media, While uPAR-negative cells displayed 
little or no clonogenic potential. The clonogenic activity of 
uPAR-positive cells When compared to uPAR-negative cells 
demonstrates high proliferative and self-reneWal potential in 
vitro. In addition, uPAR Was found to co-express With CD44 
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and MDRl in these SCLC cell lines, Which may explain the 
association betWeen advanced malignancy and drug resis 
tance. ATP-binding cassette (ABC) drug transporters have 
been shoWn to protect cancer stem cells from chemothera 
peutic agents (Dean 2005). A major transporter of the ABC 
family is P-glycoprotein, the product of the MDR1 gene, 
Which is produced by hematopoietic stem cells (HSCs) 
(Zhou 2001). The MDR1 gene becomes doWn-regulated on 
HSCs upon cell differentiation (Zhou 2001). P-glycoprotein 
and CD44 have been characterized and are knoWn to be 
determinants of multi-drug resistance on cancer cells, Which 
is mediated by physical and genetic interactions betWeen 
CD44 and MDRl (Miletti-GonZaleZ 2005). Activation of 
CD44 occurs through heterodimeriZation of CD44 With 
groWth factor receptors (e.g., EGFR, FGFR, HGFR, 
VEGFR, TGF-bR), Which leads to activation of MAP kinase 
and Pl3K-AKT signaling pathWays (Kobayashi 2002). 
CD44 stimulation by its ligand hyaluronan upregulates the 
expression of uPA and uPAR mRNA, through activation of 
MAPK-Ras pathWay, While PI3K activation stimulates 
MDRl expression and function (Kobayashi 2002). PI3K 
also acts as a positive feedback loop to stimulate hyaluronan 
production, Which activates CD44 (Kamikura 2000; Zoltan 
Jones 2003). The CD44-MAPK-PI3K signaling leads to 
uncontrolled expression of uPA/uPAR and MDRl, Which 
promotes invasive and multi-drug resistant cancer cell phe 
notype. In addition to the CD44-MAPK-PI3K signaling, 
uPAR overexpression can induce cell survival by activating 
the anti-apoptosis factor Bcl-xL transcription (Alfano 2006). 

[0045] To study the groWth and metastasis of the human 
SCLC lines in vivo, a SCID mouse xenograft model of 
transplanted normal human lung tissue under the kidney 
capsule Was used to provide a more representative microen 
vironment for modeling SCLC disease. Using immunohis 
tochemical analysis, uPAR-positive human SCLC cells 
forming a primary tumor at the xenograft injection site Were 
identi?ed, as Well as metastases of uPAR-positive human 
SCLC cells to the host mouse lung and liver. This indicates 
that uPAR-positive cells represent a small sub-population of 
“cancer stem cells” that possess both high proliferative 
potential and high mobility to establish metastases. Further 
more, injection of unsorted SCLC cell lines that Were not 
speci?cally enriched for uPAR-positive cells required inj ec 
tion of larger cell numbers in order to establish a tumor, 
When compared to injection of uPAR-enriched cell popula 
tion. In addition to providing evidence for the existence of 
migrating “cancer stem cells” in SCLC, the ?ndings dem 
onstrate that potential cancer stem cells can be isolated from 
SCLC cell lines. A reliable method for isolation of cancer 
stem cells using the information provided herein Will facili 
tate the study of the molecular and biological properties of 
cancer stem cells, and Will alloW for the identi?cation of 
more effective cancer therapeutics. 

[0046] To determine the role of uPAR expression in cancer 
cell types other than SCLC, uPAR expression Was measured 
in ten cancer cell lines, including lung, brain, colon, breast 
and prostate cancer cell lines. Of the ten cell lines tested, ?ve 
(U251, SK-N-AS, MDA-MB-23l, PC-3, and CRL-5904) 
exhibited high levels of uPAR expression. 

[0047] When uPAR is cleaved at the GPI anchor by 
endogenous phospholipase D, soluble uPAR (suPAR) is 
released from the cell membrane. uPA and suPAR levels 
Were measured in conditioned media derived from various 
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cancer cell lines. Activation of uPAR on the tumor cells Was 
found to cause a corresponding increase in uPA and suPAR 
levels in conditioned media. uPAR expression Was also 
found to induce several cytokines associated With cell 
migration in conditioned media. For example, IL-8 levels 
Were increased in conditioned media from cancer cells 
expressing high levels of uPAR. IL-8 Was initially charac 
teriZed for its chemotactic activity toWards leukocyte and 
endothelial cells (Brat 2005). Additionally, IL-8 possesses 
tumorigenic and pro-in?ammatory activity in various high 
grade tumors, including gliomas. IL-8 is a doWnstream 
target of [3-catenin (Levy 2002), and stimulates MMP2 and 
MMP9 expression in solid tumors (Li 2003). 

[0048] Human neural and mesenchymal stem cells have 
been identi?ed for cell based strategies for regeneration of 
various tissues as Well as delivery vehicles for therapeutic 
agents to target tumors. HoWever, the signals required for 
homing and recruitment of stem cells to sites of injury and 
tumors are not Well understood. There are several factors in 
the tumor microenvironment that may contribute to the 
recruitment of stem cells to tumors. Adhesion molecules 
such as VLA-4 and P/E selectins, chemokines, their cognate 
ligands (stromal cell-derived factor 1 (SDF-l) and its recep 
tor CXCR4, and proteolytic enZymes such as elastase and 
cathepsin G all appear to play a part in facilitating mobili 
Zation and homing of hematopoietic stem cells. uPA and 
uPAR are upregulated in tumors of different origins and play 
a critical role in the development of the most invasive tumor 
phenotype. Plasma levels of suPAR are increased in meta 
static carcinoma Where it has been used for monitoring of 
disease activity. On the other hand, uPA and uPAR are 
involved in local and chronic in?ammatory response during 
tissue injury. 

[0049] The results disclosed herein indicate that activation 
of the uPA/uPAR system facilitates the traf?cking of the 
stem cells of neural and mesenchymal origin. In vitro 
migration assays shoWed that both neural stem cells (N SCS) 
and mesenchymal stem cells (MSCs) exhibited robust 
migration toWards conditioned media derived from the ?ve 
tumor cell lines that expressed high levels of uPAR. Only a 
small level of migration Was observed toWards conditioned 
medium from the cancer cells expressing loW levels of 
uPAR. The strong correlation betWeen uPAR expression and 
stem cell migration indicates that activation of the uPA/ 
uPAR system is responsible for recruitment of both neural 
and mesenchymal stem cells to tumors. 

[0050] Cancer patients are often treated With a combina 
tion of multiple therapeutic agents such as chemotherapeutic 
agents. For example, SCLC patients are often treated With a 
combination of cisplatin With etoposide. Breast cancer 
patients are often treated With a combination of taxane and 
anthracycline. This use of multiple agents may increase 
toxicity risk. The results disclosed herein establish that in 
addition to promoting tumorigenesis and metastasis, uPAR 
expression also serves as a useful therapeutic indicator for 
identifying subjects that are likely to respond favorably to 
treatment With DNA-damaging therapeutic agents or anti 
cancer agents such as for example doxorubicin (Dox), 
cisplatin, or X-ray irradiation. 

[0051] In certain embodiments, methods are provided for 
treating a proliferative disorder characterized by increased 
expression of uPA/uPAR by administering an effective 
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amount of an agent that inhibits the uPA/uPAR pathWay. In 
certain of these embodiments, treatment is accomplished by 
inhibiting or blocking uPAR activity, for example by inhib 
iting uPAR expression. In certain embodiments, the prolif 
erative disorder is cancer. In these embodiments, tumor cell 
proliferation and/or migration may be inhibited by blocking 
uPAR activity. Exemplary cancers that can be treated 
include solid as Well as systemic or circulating tumors. For 
example, hematopoietic neoplasms, leukemia, lymphoma, 
multiple myeloma, breast, colon, lung, head and neck, liver 
and biliary tract, pancreatic, kidney, eye, heart, nervous 
system, urinary tract, genital tract, gastrointestinal tract, 
endocrine, skin, bones, joints, soft tissue cancers and the 
like. In certain of these embodiments, one or more uPAR 
inhibitors may be administered in conjunction With a cancer 
therapeutic agent, such as for example Dox, S-FU, carbo 
platin, cisplatin, etoposide, cylophosphamide, vincristine, 
ifosfamide, topotecan, paclitaxel, methotrexate, vinorelbine, 
gemcitabine, irinotecan and docetaxel, or X-ray irradiation, 
either alone or in various combinations. In these embodi 
ments, administration of the uPAR inhibitor(s) may increase 
the effectiveness of cancer therapeutic agent. 

[0052] In certain embodiments, methods are provided for 
reducing cancer recurrence. The method involves adminis 
tering to an individual in cancer remission an effective 
amount of one or more uPAR inhibitors, Wherein the uPAR 
inhibitor reduces cancer cell proliferation and/or migration. 
In certain embodiments, the individual to be treated is in 
remission from a cancer selected from leukemia, myeloma, 
breast, lung, colon, melanoma, ovarian, prostate, glioblas 
toma, and neuroblastoma. The method also includes admin 
istering to an individual in cancer remission an effective 
amount of a uPAR inhibitor and an anti-cancer agent, 
Wherein the combination reduces cancer cell proliferation 
and/or migration. 

[0053] An individual in remission from cancer can be 
treated according to a method of the invention to reduce the 
risk of cancer recurrence. As used herein, the term “recur 
rence” means groWth or neoplastic or cancerous cells after 
a tumor or other cancerous condition has been successfully 
treated such as by surgical or chemically-induced removal or 
disintegration of cancerous cells. Such recurrence includes 
dissemination of cancerous cells into local or distant tissues 
and organs With respect to the location of the primary cancer. 

[0054] A uPAR inhibitor for use in the methods disclosed 
herein may be administered by any pathWay knoWn in the art 
that results in the uPAR inhibitor contacting one or more 
cancer cells. For example, the uPAR inhibitor may be 
delivered to a subject by oral, topical, sublingual, intraocu 
lar, intradermal, parenteral, intranasal, intravenous, intra 
muscular, intraspinal, intracerebral, or subcutaneous routes, 
or it may be administered systemically in conjunction With 
a targeting agent that directs the inhibitor to a cancer cell. In 
certain embodiments, the tumor-targeting ability of geneti 
cally modi?ed normal (non-cancer) stem cells can be used to 
deliver uPAR inhibitors to tumors overexpressing uPAR and 
alloW the elimination of uPAR-positive cancer stem cell 
population. 

[0055] Methods for reducing the severity of a proliferative 
disease or reducing cancer recurrence, uPAR inhibitor can 
be formulated With a pharmaceutically acceptable carrier. 
Suitable pharmaceutically acceptable carriers are knoWn in 


















