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Abstract
A wide variety of tumor cells exhibit overexpression of urokinase plasminogen activator (uPA) and
its receptor (uPAR). In breast cancer, expression of uPA and uPAR is essential for tumor cell invasion
and metastasis. It is also known that uPA binds to uPAR and activates the RAS extra-cellular signal
regulated kinase (ERK) signaling pathway. In our study, we have introduced small interfering RNA
(siRNA) to downregulate the expression of uPA and uPAR in two breast cancer cell lines (MDA MB
231 and ZR 75 1). uPA and uPAR were downregulated individually using single constructs, and in
combination using a bicistronic construct driven by a CMV promoter in a pcDNA-3 mammalian
expression vector. Reverse transcription PCR (RT-PCR) and Western blot analyses indicated
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downregulation at both the mRNA and protein levels. In vitro angiogenesis studies using conditioned
medium in HMEC-1 cells indicated a decrease in the angiogenic potential of conditioned media from
treated cells when compared to the controls. This decrease in angiogenic potential was remarkably
higher with the bicistronic construct. Similarly, the invasive potential of these cells decreased
dramatically when treated with the bicistronic construct, thereby suggesting a synergistic effect from
the downregulation of both uPA and uPAR. Furthermore, when uPA and uPAR were downregulated
simultaneously, the apoptotic cascade was triggered as indicated by the upregulation of both initiator
and effector caspases as well as other pro-apoptotic molecules. A mitochondrial permeability assay
and FACS analysis revealed an increase in apoptotic cells in the uPA/uPAR treatment as compared
to the other treatments. This overexpression of pro-apoptotic caspases in relation to the RNAi-
induced downregulation of uPA and uPAR clearly suggests the involvement of the uPA-uPAR
system in cell survival and proliferation in addition to their role in tumor progression.
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Introduction
In multicellular organisms, invasion plays a pivotal role in several diverse physiological and
pathological processes including tissue remodeling associated with embryonic development
(1), inflammation (2,3), angiogenesis (4), wound healing (5), and tumor metastasis (6-9).
Among the large number of proteases involved in invasion, urokinase plasminogen activator
(uPA) and urokinase-specific cell surface receptor (uPAR) are of particular importance
(10-12). uPA is a serine protease and when bound to its receptor, uPAR, initiates the activation
of metalloproteases as well as the conversion of plasminogen to plasmin (13,14). In addition,
it has been widely reported that the ability of uPAR to localize the proteolytic activity of uPA
on the cell surface is extremely important for the invasive ability of tumor cells (15). In addition
to its proteolytic function as a zymogen, the uPA/uPAR complex functions as a vitronectin
receptor and has been shown to participate in normal and tumor cell motility processes
including monocyte migration and tumor cell migration and invasion (16-18). The major
change associated with cellular transformation is the regulation of mitogenic pathways, which
become constitutively activated (19). Oncogenic cells show a dramatic enhancement of
protease production (e.g. uPA), which may promote increased pericellular proteolysis leading
to the release of angiogenic and growth factors.

As such, the uPA/uPAR system presents a viable therapeutic target for anti-cancer studies.
Here, we have developed siRNA constructs for the inhibition of these proteins. RNA
interference is the process of sequence specific, post-transcriptional gene silencing mediated
by double stranded RNA molecules (21-23 bp in length) homologous to the sequence of the
silenced gene. Elbashir et al (20) showed that synthetic 21-23 nucleotide siRNA could induce
efficient RNA interference in mammalian cells. In order to circumvent the high cost of synthetic
siRNA and establish gene knockdown cell lines by siRNA, several plasmid vector systems
have been designed to produce siRNA inside cells. These siRNA sequences are driven by RNA
polymerase III dependent promoters such U6 and H1-RNA. In addition, siRNA has been shown
to be potent since only a few molecules of dsRNA per cell are necessary to trigger gene
silencing throughout the treated animal (21). Earlier studies in our laboratory have successfully
demonstrated the efficiency of CMV promoter-driven siRNA sequences in the downregulation
of ECM-degrading proteases (22). In the current study, we selected two breast cancer cell lines
(MDA MB 231, an aggressively invasive cell line with high levels of uPA & uPAR, and ZR
75 1, a moderately aggressive cell line with moderate levels of uPA and uPAR expression).
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Earlier studies with MDA MB 231 cells have shown the use of uPAR antagonists and uPA
inhibitors to downregulate the invasive ability of breast cancer cells (23). Here, we present
evidence of RNAi-induced downregulation of uPA and uPAR at both the mRNA and protein
level by reverse transcription PCR and western blot analysis respectively. Furthermore, we
show that when uPA and uPAR are downregulated, the invasiveness and angiogenic potential
of cancers are inhibited. The uPA/uPAR system not only plays a role in proteolytic cleavage
of the ECM but also plays a significant role in the signaling involved in cell survival and
proliferation. Here, we can demonstrate that inhibition of this signaling triggers the apoptotic
cascade.

Materials and Methods
Cell lines and culture conditions

The two breast cancer cell lines (MDA MB 231 and ZR 75 1) were obtained from ATCC
(Manassas, VA). As suggested by ATCC, MDA MB 231 cells were grown in L-15 medium
supplemented with glutamine, 10% FBS, 100 μg/mL streptomycin, and 100 units/mL penicillin
(Invitrogen, Carlsbad, CA) at 37°C. ZR 75 1 cells were maintained in RPMI 1640 medium
supplemented with 10% FBS, 10 mM HEPES, 1 mM sodium pyruvate, 4.5 g/L glucose, 1.5
g/L sodium bicarbonate, 100 μg/mL streptomycin, and 100 units/mL penicillin. Human
microvascular endothelial cells (HMEC) were cultured with advanced DMEM supplemented
with 2% FBS, 100 μg/mL streptomycin, 100 units/mL penicillin, 1 μg/mL hydrocortisone and
10 mM EGF.

siRNA vectors
Small interfering RNA sequences targeting uPAR and uPA were introduced into a mammalian
expression vector pcDNA-3 downstream of the cytomegalovirus promoter. An uPAR sequence
(+348 to +369) was used as the target sequence, and for convenience, a self-complimentary
oligo was used. An uPAR sequence that was 23 bases in length with a 9 base loop region with
BamHI sites incorporated at the ends
(gatcctacagcagtggagagcgattatatataataatcgctctccactgctgtag) was used. The self-annealed oligo
was ligated into the BamHI site of pcDNA-3 vector. Similarly, an uPA sequence (+78 to +98)
was used as the target sequence. The 21 base uPA sequence with a 9 base loop sequence
incorporated between the repeats and HindIII site on either ends
(agctgagagccctgctggcgcgccatatataatggcgcgccagcagggctctca) was used. The bicistronic
construct carried both the uPAR and uPA sequences and the BamHI and HindIII sites
respectively. BGH poly A terminator served as a stop signal for RNA synthesis for all three
constructs. The vectors carrying uPAR and uPA were named as pU and pUPA respectively
and the bicistronic construct was named as pU2. The plasmid vectors were cloned and
maintained in JM109 cells. A scrambled sequence of nucleotides was also introduced into the
expression cassette and used as a mock vector (pSV). Plasmid DNA was isolated using the
Qiagen plasmid purification system and analyzed for quality and quantity (Qiagen, Valenica,
CA).

Transfection studies
1×106 cells were plated in 100 mm Petri dishes for each transfection experiment. The cells
were transfected in serum-free L-15 media using 10 μg of lipofectamine reagent (Invitrogen,
Grand Island, NY) as per manufacturer's instructions. The following constructs were used for
transfection: pU, pUPA, pU2 and pSV. No plasmid was introduced in the control plates. After
allowing 12 h for transfection, the serum-free media was replaced with serum-containing media
and left in the incubator at 37°C for 24 h. The media was then replaced with serum-free media
and conditioned media was collected after 12 h. Cells were harvested for isolation of total RNA
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and/or total cell lysate. Conditioned media was used for fibrin zymography and in vitro
angiogenic assay.

RT-PCR
Total RNA was isolated from control and transfected cells using the PARIS™ protein and
RNA isolation system (Ambion, Austin, TX). Total RNA was treated with DNase I
(Invitrogen). First strand cDNA was prepared using Superscript III reverse transcriptase
(Invitrogen) using oligo dT. 100ng of first strand cDNA was used for PCR amplification. We
used the following primers for uPAR: uPAR-S- CATGCAGTGTAAGACCCAACGGGGA
& uPAR-AS- AATAGGTGACAGCCCGGCCAGAGT. The following primers were used for
uPA: uPA-S-TGCGTCCTGGTCGTGAGCGA & uPA-AS-
CAAGCGTGTCAGCGCTGTAG. GAPDH was used as an internal control. PCR analysis was
carried out using puReTaq™ Ready-To-Go PCR beads (Amersham Biosciences, UK).

Western blot analysis
MDA MB 231 and ZR 75 1 cells were transfected with pSV, pU, pUPA and pU2 as described
above. At the end of the designated incubation period, cells were harvested, washed twice with
cold PBS, and lysed in a buffer (150 mM NaCl, 50 mM Tris-Hcl, 2 mM EDTA, 1% NP-40,
pH 7.4) containing protease inhibitors. Equal amounts of protein (20 μg/lane) from cell lysate
were electrophoresed under non-reducing conditions on 10% acrylamide gels. After SDS–
PAGE, proteins were transferred to a polyvinylidene difluoride membrane (BioRad). The
membrane was incubated for 2 h in PBS (0.1% Tween-20 [T-PBS], 5% nonfat skim milk) to
block non-specific binding. Subsequently, the membrane was incubated for 2 h with antibody
against uPAR (R&D Systems), ERK (Santa Cruz Biotech Inc), pERK (Santa Cruz Biotech
Inc), p38 (Santa Cruz Biotech Inc), p-p38 (Santa Cruz Biotech Inc), caspases 9, 8, 6 & 3 (Cell
Signal) and APAF-1 (MBL International) respectively in T-PBS + 5% non-fat milk. After
washing in T-PBS, proteins were visualized using the ECL™ detection kit with appropriate
HRP-conjugated secondary antibody (Amersham Pharmacia Biotech, UK) as per
manufacturer's instructions. The membranes were stripped and probed with monoclonal
antibodies for GAPDH for loading control as per standard protocols.

In vitro angiogenesis
Conditioned media collected from transfected MDA MB 231 and ZR 75 1 cells was tested for
induction of angiogenesis in human microvascular endothelial cells (HMEC) plated onto 8-
well chamber slides (4×104/well). Once the cells had attached to the surface of the slide, the
media was removed and replaced with conditioned media collected from RNAi-transfected
cells. After 72 h in conditioned media, cells were washed gently with PBS and stained with
hematoxylin and eosin (H&E). Angiogenic network formation was visualized under the
microscope and Image Pro software was used for quantification of angiogenesis. The degree
of angiogenesis was measured by the following method: number of branch points and the total
number of branches per point were counted at random (per 10 fields), with the product
indicating the degree of angiogenesis as compared to the controls.

Boyden chamber invasion assay
The in vitro invasiveness of MDA MB 231 and ZR 75 1 cells in the presence of vectors
expressing siRNA for uPAR and uPA individually and in combination was assessed using a
modified Boyden chamber assay. Breast cancer cells were transfected with pSV, pU, pUPA
and pU2 vectors as described above. After allowing 24 h for transfection, 5×105 cells were
suspended in 600 μL of serum-free medium and placed in the upper compartment of the
transwell chambers [12 μm pore size, 12 mm diameter (Corning Costar Fischer Scientific,
Pittsburg, PA] coated with Matrigel (100 μg/cm2). The lower compartment of the chambers
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was filled with 200 μL of serum-containing medium and the cells were allowed to migrate for
24 h. After incubation, the cells were fixed and stained with Hema-3 and photographed.
Quantification of the invasion assay was performed as described previously (24-26).

MITO-PT 100 and FACS analysis
Induction of apoptosis in response to RNAi-induced downregulation of uPAR and uPA
individually and in combination was tested using the MITO-PT 100 assay (Serotec). MDA
MB 231 and ZR 75 1 cells were transfected with pSV, pU, pUPA and pU2 as described above.
After 72 h, the cells were trypsinized and pelleted. The cells were then resuspended in MitoPT
dye diluted in serum-free media as per manufacturer's instructions. After an incubation period,
100 μL of the cell suspension was visualized under a fluorescent microscope. MitoPT kit allows
distinction between non-apoptotic (red fluorescence) and apoptotic (green fluorescence) cells.
The remaining cells were used for FACS analysis. FACS analysis was performed according
to manufacturer's instructions and 10,000 cells were recorded for each transfection. When cells
stained with MitoPT are run through a flow cytometer, the instrument measures apoptosis by
monitoring the amount of red fluorescence in each region. As the mitochondrial membrane
collapses, a reduction in the amount of red fluorescence is observed as MitoPT dye is converted
from a dimer form to a monomer form. These experiments were performed in triplicate for
each cell line.

Results
RT-PCR

In order to study the effects of downregulation of uPA and uPAR, individually and in
combination, on tumor cell induced angiogenesis, cancer cell invasion & survival, we
transfected breast cancer cell lines MDA MB 231 and ZR 75 1 with pcDNA mammalian
expression vectors harboring small interfering RNA sequences driven by a CMV promoter.
mRNA levels were determined using semi-quantitative RT-PCR. Briefly, 48 h after
transfection, total RNA was isolated from the cells and first strand cDNA was prepared using
Superscript III reverse transcriptase and oligo-dT. PCR analysis was carried out using the
appropriate primers for uPAR and uPA. Clear amplification was observed in the control and
scrambled vector at approximately 280 bp with the primers for uPAR, and at 780 bp with the
primers for uPA. While no change was observed in the levels of amplified product in cells
treated with the scrambled vector as compared to the control, significant decreases in the levels
of uPAR was observed in treatments with pU and pU2 (Fig. 1). Similarly, uPA levels were
significantly decreased in pUPA and pU2 when the primers for uPA were used. The levels of
GAPDH remain unchanged in all the treatments, indicating uniform levels of first strand cDNA
taken in all the cases

uPAR and uPA protein expression
The levels of uPAR protein in the total cell lysate and uPA in the conditioned media was
assessed by western blot and fibrin zymography respectively. Western blot analyses using the
anti-uPAR antibody revealed significant decreases in uPAR expression after transfection with
pU in MDA MB 231 and ZR 75 1 cells. (Fig. 2A). However, no change in uPAR expression
was observed after transfection with pUPA levels when compared to the control (Fig. 2A).
Quantitative analysis of uPAR protein by densitometry revealed a decrease in protein
expression with pU by 40% and 60% and in pU2 by 75% and 80%, respectively for MDA MB
231 and ZR 75 1 compared to controls and pSV and pUPA transfected cells (Fig. 2B).

Fibrin zymography using conditioned medium from treated cells revealed a decrease in the
levels of uPA activity in all the treatments as compared to the control and SV-treated group
(Fig. 2C). Treatment with pUPA and pU2 showed uPA activity was decreased, ranging from
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77% to 81% in MDA MB 231 and ZR 75 1 cells, respectively. pU treatment also showed
reduced uPA activity of 65% and 66% (Fig. 2D) in MDA MB 231 and ZR 75 1 cells,
respectively. No significant change was observed in the case of scrambled vector when
compared to the control.

Inhibition of angiogenesis in HMEC-1 cells
In order to maintain the flow of nutrients for the growing number of cells, tumor cells induce
angiogenesis. Since uPAR has been implicated in the regulation of angiogenesis, we assessed
the effects of pU, pUPA and pU2 on tumor cell-induced angiogenesis. HMEC, grown in
conditioned media from MDA MB 231 cells and ZR 75 1 cells transfected with pSV, pU,
pUPA, pU2 or untransfected control, were stained with H&E. The results clearly demonstrated
that endothelial cells form capillary-like structures in the presence of control and pSV-
transfected cells within 72 h, in the case of conditioned media from MDA MB 231 cells (Fig.
3A), and within 96 h in the case of ZR 75 1 cells (data not shown). However, pU2 significantly
inhibited tumor cell-induced angiogenesis. The quantification of the branch points and number
of branches was almost undetectable in conditioned media from pU2-transfected cells, which
decreased 94% with conditioned media from MDA MB 231 cells and 92% with conditioned
media from ZR 75 1 cells as compared to the control (Fig. 3B). Conditioned media from pU-
and pUPA-treated cells also demonstrated decreases in tumor cell-induced angiogenesis
ranging from 60% for pU in ZR 75 1 to 70% in pUPA-transfected MDA MB 231 (Fig. 3B).

Inhibition of breast cancer cell invasion by pU, pUPA and pU2
To study the effect of siRNA-mediated downregulation of uPA and uPAR on their invasive
potential, breast cancer cell lines MDA MB 231 and ZR 75 1 were transfected with pU, pUPA,
pU2, or pSV and transferred to Matrigel-coated transwell chambers. Extensive invasion was
observed within 48 h in the untransfected controls and cells transfected with pSV (Fig.4A).
Figure 4A illustrates that the staining of pU, pUPA and pU2 transfected MDA MB 231 and
ZR 251 cells was significantly less than that of the controls (Fig. 4A). In MDA MB 231 cells,
pU2 treatment resulted in the least number of invading cells with 12% of the control while
pUPA and pU treatment resulted in 19% of the control (Fig. 4B). In ZR 75 1 cells, inhibition
of invasion was observed to a lesser extent with pU and pUPA treatments showing a less than
50% invasion as compared to the control. Once again, maximum inhibition was observed with
pU2 treatment with only 21% invasion when compared to the control (Fig. 4B). Invasion of
cells transfected with pSV in both MDA MB 231 and ZR 75 1 cells did not differ significantly
from the controls.

It has been reported previously that antibody-mediated inhibition of uPA induces the
expression of caspase 3. To study the induction of apoptotic cell death due to downregulation
of uPA and uPAR, FACS analysis was performed using the MitoPT™ mitochondrial
permeability transition detection kit. 72 h after transfection, the cells were run through a flow
cytometer. In the cells transfected with pSV, pU and pUPA, the majority of the cells were seen
to fall in the red fluorescent region, indicating the presence of intact mitochondria. However,
in the case of cells transfected with pU2, a significant drop in the number cells showing red
fluorescence was observed, and also, a large number of events in the smaller size region was
observed indicating the presence of extensive cellular debris. When MitoPT-stained cells were
observed under the microscope, the induction of apoptosis in pU2-transfected cells could be
clearly seen with more number of cells showing green fluorescence (Fig. 5B). As noted earlier,
a large number of smaller particulate matter was observed in pU2-transfected cells as compared
to the control indicating the presence of extensive cellular degradation.

To study the effect of simultaneous downregulation of uPAR and uPA on apoptotic cascade
signaling, western blot analysis was performed. Specifically, we tested for the expression of
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initiator and effector caspases as well as other genes involved in the apoptotic cascade. pU2
induced the expression of several genes involved in apoptosis, namely initiator caspases 9 &
8, and effector caspases 3 & 6 (Fig. 6). All the caspases mentioned above showed a 1.5-2 fold
increase in pU2-transfected cells as compared to the control. We also observed a significant
increase in the expression level of APAF-1, which is involved in apoptosome formation, in
both cells lines after pU2 transfection. However, pUPA- and pU-transfected cells did not
exhibit any changes in caspase expression level with the exception of caspase 9, which was
seen to increase in pUPA-transfected MDA MB 231 cells. In addition to the increase in the
expression levels of the genes involved in programmed cell death, changes were observed in
the expression of proteins involved in cell survival. Significant decreases in the levels of
phospho-ERK and phospho-p38 were observed in cells treated with pUPA and pU2, while the
inactive non-phosphorylated forms remained unchanged when compared to control and pSV-
and pU-transfected cells.

Discussion
Tumor cell invasion is associated with the destruction of the basement membrane and
extracellular matrix. This process is associated with proteases, such as uPA and MMPs,
secreted by malignant cells and stromal cells (6-9) Overexpression of uPA and uPAR has been
well documented in wide variety of tumor cells. The urokinase plasminogen activator system
has pleiotropic roles in tumor growth, angiogenesis and metastasis (27). In breast cancer,
expression of uPA/uPAR is essential for tumor cell invasion and metastasis (28).
Downregulation of matrix-degrading proteases and their receptors has potential therapeutic
application in breast cancer. Antisense DNA and oligonucleotides are a convenient approach
for the selective downregulation of protein expression (22). In a recent study, siRNA was
quantitatively more efficient than antisense oligonucleotides at suppressing co-transfected GFP
expression both in vitro and in vivo (29). Limitations to the use of RNAi in mammalian cells
derive from unwarranted secondary responses to long dsRNA, such as induction of interferon
synthesis (30). The recent development of 21-nucleotide siRNA duplexes has circumvented
these problems and allowed successful RNAi in cultures of several types of mammalian cells
(20). An important application of RNAi in mammals is the simultaneous inhibition of multiple
genes in somatic cells. Previous observations demonstrated that there is no significant
competition between co-transfected hairpin siRNA vectors.

In the present study, we have introduced siRNA sequences driven by a CMV promoter into
breast cancer cell lines MDA MB 231 and ZR 75 1 to downregulate the expression of uPA and
its receptor, individually and in combination, to assess the effects on cancer cell invasion,
angiogenesis, survival and proliferation. Our results demonstrate that siRNA sequences can
specifically reduce mRNA levels of uPAR and uPA without affecting the levels of
housekeeping genes. Semi-quantitative RT-PCR analysis also revealed that when uPAR was
downregulated, a decrease in the mRNA levels of uPA was also noticed. However, the reverse
was not observed, suggesting transcriptional regulation of uPA expression by uPAR. Fibrin
zymography also revealed a decrease in levels of uPA when compared to the control.

When conditioned media from transfected cells was assessed for angiogenic potential in
HMEC, a significant decrease was seen in the number of branch points with conditioned media
from pU- and pUPA-treated cells. The most remarkable decrease was observed in cells treated
with pU2 where angiogenesis was reduced to less than 10% of the control in both cell lines.
This decrease clearly indicates a synergistic rather than cumulative effect of the co-suppression
of uPAR and uPA.

Li et al (31) have reported the inhibition of neo-vascularization in MDA MB 231 xenografts
introduced into athymic mice, when uPA/uPAR antagonists were used. In another study, Min
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et al (32) have reported the inhibition of angiogenesis in an in vitro model when high-affinity
murine urokinase receptor antagonists were used. Li et al (31) have suggested that the inhibition
of angiogenesis observed in mice treated with uPAR antagonist might have occurred because
of the hampering of bioavailability of angiogenic factors. Interestingly, the pattern of
angiogenesis was similar with conditioned media from both breast cancer cell lines tested. The
dramatic decrease in in vitro angiogenesis observed in our study when both uPAR and uPA
were downregulated simultaneously suggests a signaling-induced downregulation in the
release of angiogenic factors.

Both in vitro and in vivo studies indicate that uPA and uPAR levels are closely associated with
the degree of tumor cell invasion and that uPA and uPAR play key roles in tumor progression
and metastasis. Expression of uPA and uPAR can be upregulated by mitogens, growth factors,
oncogenes, and binding of integrin to extracellular matrix proteins. Generally, factors that
upregulate uPA also upregulate uPAR, suggesting that uPA and uPAR may be co-regulated in
cancer cells. In our study, we have observed that downregulation of uPAR exhibits a
concomitant downregulation of uPA. We tested the effect of RNAi-induced downregulation
on the invasive abilities of the two cancer cell lines, MDA MB 231 and ZR 75 1 cancer cell
lines. A similar pattern was observed in the invasive abilities of transfected cells when
compared to control and scrambled vector, with only pU2-treated cells showing 12% and 21%
invasion when compared to control in MDA MB 231 and ZR 75 1 cells, respectively.

uPA has been known to induce chemotaxis and chemokinesis in a range of different cell types
(33-39) Binding to uPAR seems to be required for all chemotaxic effects of uPA. The
phenomena can be divided into two groups depending on whether uPA catalytic activity is also
required. The binding of uPA to uPAR in some cell types causes the transmission of signaling
over the cell membrane leading to increased motility (40). This ligand engagement of uPAR
has been reported to cause the transient activation of a variety of signaling proteins including
src-family of members (37,41,42), ERK-1 and ERK-2 (36,43), FAK (44,45), fos, jun and myc
(46), and rac (47). In fact, inhibitors of these pathways block the effects of uPA (40). In our
study, we observed that the levels of phospho-ERK and phospho-p38 in pU2-transfected cells
in both breast cancer cell lines showed a significant decrease when compared to the control.
The decrease in the expression levels of these pro-survival kinases can also be correlated with
a significant increase in the levels of the pro-apoptotic caspases. A number of studies have
demonstrated that activated ERK inhibits apoptosis (48-50). Western blot analysis revealed
significant increases in levels of initiator and effector caspases in both breast cancer cell lines.
While caspase 9 levels were seen to increase in pUPA, all the caspases tested were seen to
increase with significantly pU2. We also observed an increase in APAF-1, the cytosolic protein
which is the human homolog of the C. elegans CED-4. APAF-1 functions downstream to Bcl-2
(or its close family member BcLXL), which regulates the release of cytochrome c from
mitochondria (51). Cecconi et al (52) have suggested an in vivo apoptotic pathway whereby
apoptotic stimuli trigger apoptosis through a multimolecular complex critically involving
APAF-1 and caspase 9 and ultimately leading to caspase 3 activation and apoptosis. In our
study, the pU2-transfected cells showed significant increases in caspase activity.

We also used the MitoPT assay to further confirm apoptotic effects of pU2. The MitoPT assay
follows the principle that the staining dye enters the mitochondria and aggregates, which show
red fluorescence. In contrast, in apoptotic cells where the mitochondrial membrane is
compromised, the dye diffuses into the cytoplasm and is visualized as diffuse green
fluorescence. In flow cytometry analysis, apoptosis leads to a drop in the number of cells
showing red fluorescence when compared to healthy cells. Here, we observed a drop in red
fluorescent cells as well as a concomitant increase in small particulate matter, suggesting an
increase in cellular debris in pU2-treated cells. The ratio of apoptotic and non-apoptotic cells
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clearly shows a 9-fold increase in the pU2-transfected cells from both cell lines indicating the
efficacy of targeting the uPA/uPAR system in cancer cells.

The results clearly indicate that the uPAR/uPA system not only plays a significant role in the
invasion of cancer cells, but also has a regulatory role in cell survival and proliferation. RNAi-
induced, simultaneous downregulation of these proteins has been shown to inhibit the
activation of the pro-survival kinases phospho-ERK and phospho-p38, and possibly inhibit the
release of angiogenic factors, leading to reduced angiogenesis. Significantly, the apoptotic
cascade is triggered leading to cell death. The relative ease of handling and delivery of siRNA
constructs in plasmid vectors when compared to adenoviral vectors and the specific
downregulation of genes of interest presents an effective therapeutic tool against breast cancer.
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Figure 1.
Reverse transcription PCR analysis of RNAI transfected breast cancer cells. 1×106 cells
were plated on 100 mm petri plate for each transfection experiment. Cells were transfected
with CO (control with no plasmid). Scrambled vector (pSV), uPAR (pU), pUPA and pU2.
After 48 hrs., total RNA was isolated from the cells to prepare first strand cDNA followed by
PCR analysis using the primers for uPA and uPAR. GAPDH was used as an internal control.
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Figure 2.
Western blot analysis and fibrin zymography. Transfection was carried out as described
earlier. 1×106 cells were plated on 100 mm petri plate for each transfection experiment. Cells
were transfected with CO (control with no plasmid). Scrambled vector (pSV), uPAR (pU),
pUPA and pU2. After 36 hours, serum containing media from the plate was replaced with
serum-free media. After 48 hrs., cells were harvested for protein extraction and conditioned
media was collected 20μg of total protein from each of the samples was loaded on SDS-PAGE
and blotted on nitrocellulose membranes. The membrane was probed with anti-uPAR antibody
(A). 0.2μg of conditioned media was loaded for fibrin zymography (C). Quantification of uPAR
protein (B) and uPA enzymatic activity (D) was obtained by scanning the auto-radiograms
with a densitometer. Data are shown mean values ± S.D. of three different experiments in each
group.
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Figure 3.
In vitro angiogenesis. Network formation by human microvascular endothelial cells in
conditioned media from MDA MB 231/ZR 751 cells. Breast cancer cells were transfected
with control (CO), scrambled vector (pSV) or RNAi constructs for uPAR (pU), uPA (pUPA),
uPAR-uPA (pU2) and conditioned media was collected after 48 hrs. as described earlier.
HMEC-1 cells grown in conditioned media were stained with H&E after 72 hours and
examined under a confocal scanning laser microscope (A). Quantification of angiogenesis in
co-cultures transfected with pSV, pU, pUPA and pU2 as described in Methods. Values are
mean ± S.D. from three different experiments.
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Figure 4:
Matrigel invasion assay. Breast cancer cells transfected with control (CO), scrambled vector
(pSV), or RNAi constructs for uPAR (pU), uPA (pUPA), uPAR-uPA (pU2) were transferred
to 12μm transwell chambers coated with matrigel. After 48 hours, the cells were scraped from
the chamber and stained to check for invasion of cells to the lower surface (A). The invasion
was quantified as described in Methods (B). Values are mean ± S.D. of four experiments.
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Figure 5:
MITO-PT 100 and FACS analysis. MDA MB 231 cells were transfected with control (CO),
scrambled vector (pSV), or RNAi constructs for uPAR (pU), uPA (pUPA), uPAR-uPA (pU2).
After 48 hrs, the cells were resuspended in MitoPT dye diluted in serum-free media. After
incubating at 37° C for 15 min, 100 μl of the suspension was visualized under a fluorescent
microscope (A). MitoPT kit allows the distinction between non-apoptotic red fluorescent cells
and apoptotic green fluorescent cells. FACS analysis was carried out according to
manufacturer's instructions and 10,000 cells were recorded for each transfection. When cells
stained with MitoPT are run through a flow cytometer, the instrument will measure apoptosis
by monitoring the amount of red fluorescence in each region (B).
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Figure 6.
: Simultaneous inhibition of uPAR-uPA induces apoptotic cascade.  Breast cancer cells
were transfected with control (CO), scrambled vector (pSV), or RNAi constructs for uPAR
(pU), uPA (pUPA), uPAR-uPA (pU2). After 48 hrs, cell lysates were prepared as per standard
protocol and 15 μg of total protein was loaded on SDS-PAGE and blotted on nitrocellulose
membrane. The membrane was probed with antibodies specific for ERK, pERK, p38, pP38,
Caspases, 3,6,8 and 9 and APAF-1.
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