
EMMPRIN, a transmembrane glycoprotein known to pro-
mote survival, invasion and metastasis of tumor cells through 
multiple pathways and mechanisms, has been found to be over-
expressed in various types of cancer cells. Here we report that 
loss of the function of p53, a tumor suppressor protein that is 
mutated in approximately 50% of human cancers, contributes to 
the upregulation of EMMPRIN protein. We observed an inverse 
association between the activity of p53 and the level of EMMPRIN 
protein in several cancer cell lines. We further demonstrated 
that p53 is able to negatively regulate EMMPRIN protein, but  
downregulation of EMMPRIN by p53 is independent of 
repression of the EMMPRIN transcription. Furthermore, down-
regulation of EMMPRIN by p53 can be rescued by chloroquine, 
a lysosome inhibitor, but not by MG132, a proteasome inhibitor, 
suggesting an involvement of the lysosomal pathway in the 
p53-regulated degradation of EMMPRIN. Downregulation of 
EMMPRIN by p53 leads to a decrease in the activity of MMP-9 
and an inhibition of tumor cell invasion. Our study suggests that 
the upregulation of EMMPRIN seen in many cancers can be 
attributed to, at least in part, the dysfunction of p53 and thus 
provides new evidence for the roles of p53 in tumor development 
and progression.

Introduction

Extracellular matrix metalloproteinase inducer (EMMPRIN 
or CD147) is a member of the immunoglobulin family and a 
glycoprotein enriched on the surface of various types of tumor 
cells. The roles of EMMPRIN in tumor progression have become 

increasingly appreciated. For example, it is known that expression 
of EMMPRIN promotes invasion and metastasis of cancer cells 
by increasing the production of several matrix metalloproteinases 
(MMPs)1-5 and by upregulating the expression vascular endothe-
lial growth factor and angiogenesis.6 We previously reported that 
overexpression of EMMPRIN in multidrug resistant cancer cells 
not only contributes to the enhanced invasive ability, but also to 
the induction of MDR1 gene whose product is P-glycoprotein, a 
multidrug transporter.7-9 We have also demonstrated that expres-
sion of EMMPRIN confers tumor cells resistance to anoikis 
through inhibition of Bim, a pro-apoptotic BH3-only protein.10 
Additionally, EMMPRIN has been reported to play an important 
role in regulating the efflux of lactate and membrane localization of 
monocarboxylate transporters11 and the metabolism of glucose by 
trafficking with monocarboxylate transporters12 in human breast 
cancer cells. Despite the progresses in understanding the func-
tions of EMMPRIN and its importance in cancer biology, little is 
known about the regulation of expression of this protein, except a 
recent report implicating the ERK1/2 and p38 signaling pathways 
in activating the expression of EMMPRIN.13

Tumor suppressor protein p53 is known to regulate the expres-
sion of numerous genes14 and play critical roles in important 
cellular events such as cell cycle regulation, DNA damage repair, 
apoptosis, autophagy, etc. For instance, p21 can be transcrip-
tionally activated by p53 under stress conditions such as DNA 
damage, thereby causing cell cycle arrest through p21 binding and 
inhibiting of cyclin-dependent kinase complex. Recent studies 
have also shown that p53 is involved in the control of motility, 
invasion and metastasis of cancer cells through regulating several 
molecular signaling pathways including RhoA-ROCK pathway,15 
SDF-1/CXCL12,16 CXCR4.17 Although p53 mutation is known 
to occur in approximately 50% of human cancers, and the roles 
of p53 in cancer development and progression have been exten-
sively studied and well appreciated, how loss of p53 function 
contributes to cancer invasion and metastasis has not been fully 
understood. In the current study, we demonstrated that wild-type 
p53 negatively modulates the protein level of EMMPRIN through 
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the lysosomal degradation pathway, 
and downregulation of EMMPRIN 
by p53 suppresses invasive poten-
tial of cancer cells. Our finding 
of the role of p53 in regulating 
EMMPRIN expression provides 
additional evidence and insights 
into the importance of this tumor 
suppressor protein in modulation of 
malignant phenotype.

Results

Effects of p53 status on 
EMMPRIN protein expression. 
We observed that the human 
prostate cancer cell lines, LNCaP, 
DU-145 and PC-3, which differ 
in their status of p53,18 expressed 
different levels of EMMPRIN (Fig. 
1A). Among these three cell lines, 
the p53-null PC-3 and p53 mutant 
DU-145 lines expressed higher 
levels of EMMPRIN, as compared 
to LNCaP cells that harbor wild-
type p53 (Fig. 1A). Expression of 
EMMPRIN in these cell lines corre-
lated with their respective invasive 
ability, as PC-3 and DU-145 cells 
showed significantly greater inva-
siveness than LNCaP cells (Fig. 1B). 
Silencing of EMMPRIN expression 
with siRNA in PC-3 cells (Fig. 1C) 
significantly reduced the number 
of invading tumor cells (Fig. 1D). 
These observations suggest that 
p53 may play a role in suppressing tumor cell invasion through 
controlling EMMPRIN expression. To further study the role of 
p53 in regulating EMMPRIN expression, we utilized the LNCaP 
cells transfected with a human temperature-sensitive p53 vector, 
tsp Val138. At 39°C the transfectants (LVCaP cells) express mutant 
p53, whereas at 32°C these cells express a functionally wild-type 
p53 protein.19 As shown in Figure 2A, LVCaP cells cultured at 
32°C expressed lower levels of EMMPRIN as compared to the 
cells cultured at 39°C. To verify the effect of p53 on EMMPRIN 
expression, we transfected the p53-null cells, PC-3, with a wild-
type p53 expression vector and then measured the expression of 
EMMPRIN protein. Introduction of p53 resulted in a “dose-
dependent” activation of p21 transcription (Fig. 3B), an indicator 
of p53 activity and downregulation of EMMPRIN protein (Fig. 
2B). p21 protein level did not appear to change in those cells (Fig. 
2B), probably due to that p21 protein also undergoes p53-inde-
pendent posttranscriptional regulation such as protein or mRNA 
turnover. Similar results were previously shown by others.20,21 The 
effect of p53 on EMMPRIN expression was also observed in the 
mutant p53-harboring T98G cells transfected with the wild-type 

p53 expression vector (Fig. 2C). Additionally, in MCF-7 cells that 
express endogenous wild-type p53, γ-irradiation (5 Gy) caused an 
activation of p53, as indicated by an increase in p21 protein level, 
and a noticeable reduction of EMMPRIN protein (Fig. 2D). By 
contrast, treatment with γ-irradiation did not decrease EMMPRIN 
protein in NCI/ADR-RES cells whose p53 is dysfunctional (Fig. 
2D).

p53 does not affect EMMPRIN transcription. p53 is known 
to participate in transcriptional regulation of numerous genes. To 
determine whether the effect of p53 on EMMPRIN expression 
was exerted at transcriptional level, we measured the expression 
of EMMPRIN mRNA in cells with different status of p53 using 
quantitative real-time RT-PCR. Figure 3A shows that LVCaP 
cells cultured at 32°C (wild-type p53) had high ratios of p21 
mRNA induction over the cells cultured at 39°C (mutant p53). 
In contrast, the ratios of expression of EMMPRIN mRNA at 
32°C versus 39°C were barely changed (Fig. 3A). In PC-3 cells 
transfected with a wild-type p53 expression vector, the expression 
of p21 mRNA was induced in a p53 “dose-dependent” manner  
(Fig. 3B); by contrast, introduction of p53 into PC-3 cells had no 
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Figure 1. Expressions of EMMPRIN in human prostate cancer cell lines with different p53 status correlate with 
their respective invasive potential. (A) Cell lysates were prepared from LNCaP, DU-145 and PC-3 cells and 
equal amounts (50 μg) of proteins were resolved by 15% SDS-PAGE. Proteins were transferred to nitrocellu-
lose membrane, and EMMPRIN was detected by immunoblotting with a monoclonal anti-EMMPRIN antibody. 
Ran was used as a loading control. (B) Cells suspended in media supplemente with 0.1% BSA were plated on 
Matrigel-covered filters in a Boyden chamber (3–5 x 105 cells/well). Following incubation at 37°C for 48 h,  
the cells that reached the underside of the Matrigel-coated membrane were stained with hematoxylin and 
eosin and counted under a microscope at a magnification of x200. Each bar represents the mean ± SD of 
quadruplicate determinations from one of three independent experiments. (C) PC-3 cells in exponential phase 
of growth were transfected with an EMMPRIN-targeted siRNA (100 nM) or a non-targeting RNA. Forty-eight 
hours later, cell lysates were prepared from the transfected cells and EMMPRIN was detected as described 
above. (D) PC-3 cells in exponential phase of growth were transfected with an EMMPRIN-targeted siRNA 
(100 nM) or a non-targeting RNA. Forty-eight hours later, cells were plated on Matrigel-covered filters in a 
Boyden chamber (3–5 x 105 cells/well). After incubation at 37°C for 48 h, invasive ability of the cells was 
determined as described above. Each bar represents the mean ± SD of quadruplicate determinations from 
one of three independent experiments.
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(expressing a functionally wild-type p53 protein). Furthermore, 
chloroquine also rescued the downregulation of EMMPRIN protein 
in PC-3 cells transfected with a wild-type p53 expression vector  
(Fig. 4B); in contrast, MG132 did not show the rescuing effect on 
the downregulation of EMMPRIN protein in these p53-expressing 
cells (Fig. 4B). These results suggest that the lysosomal pathway is 
involved in the downregulation of EMMPRIN by p53.

p53-mediated downregulation of EMMPRIN inhibits MMP-9 
activity and tumor cell invasion. To evaluate the functional 
significance of the p53-mediated downregulation of EMMPRIN, 
we assayed the activity of MMP-9, one of the downstream effec-
tors of EMMPRIN, in the media from the cultures of PC-3 and 
T98G cells with or without expressing a functional p53. Figure 5A 
shows that in PC-3 and T98G cells transfected with a wild-type 
p53 expression vector, the level of pro-MMP-9 was significantly 
decreased as compared to that in the control cells. Treatment 
with Ilomastat, an MMP-9 inhibitor, further lowered the level of 
pro-MMP-9 in these tumor cells (Fig. 5A). The active MMP-9 

effect on the expression of EMMPRIN mRNA (Fig. 3B). To verify 
these results, we performed the real-time RT-PCR analyses using 
three different sets of EMMPRIN and b-actin primers, which bind 
to different sequences of these two genes, and obtained similar 
results (data not shown). These experiments indicate that p53 does 
not affect the transcription of EMMPRIN.

Lysosomal pathway is involved in the downregulation of 
EMMPRIN by p53. It has been reported that p53 is able to 
modulate degradation of certain proteins via either proteasomal22 
or lysosomal23 pathway. Therefore, we next sought to determine 
whether the downregulation of EMMPRIN by p53 occured at 
protein level. To explore this possibility, we treated cells with 
either MG132, an inhibitor of proteasome, or chloroquine, an 
inhibitor of the late endosome-lysosome transport. As shown in 
Figure 4A, treatment of LVCaP cells with MG132 barely caused 
an increase in the accumulation of EMMPRIN protein either at 32 
or 39°C; notably, treatment with chloroquine rescued the down-
regulation of EMMPRIN protein in LVCaP cells cultured at 32°C  

Figure 2. Increases in wild-type p53 downregulate EMMPRIN protein. (A) LVCaP cells, which harbored a temperature-sensitive p53 construct, were cul-
tured at 32°C (functional wt p53) and 39°C (mutant p53) for 5 d. EMMPRIN, p21 (as a positive control) and Ran (as a loading control) were detected by 
western blot. (B and C) PC-3 and T98G cells were transfected with different amounts of p53 plasmid. Twenty-four hours later, EMMPRIN was measured 
by western blot. (D) Western blot analysis of EMMPRIN in MCF-7 (wt p53) and NCI/ADR-RES (mutant p53) cells treated with γ-irradiation (5 Gy) for 
different periods of time (0, 24, 48 and 72 h). Protein expression was quantified using the ImageJ software (NIH, Bethesda, MD). Results shown are 
representative of three similar experiments.
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degradation.27,28 Recently, the p53-regulated lysosomal degrada-
tion of other protein has been reported by Valbuena et al.23 In 
addition, the role of p53 in the regulation of the lysosomal func-
tion has also been reported.29,30 However, the precise mechanism 
by which how p53 regulates protein degradation remains unclear.

The roles of p53 in regulating cell proliferation and survival 
have been extensively studied and well defined.31 Evidence for 
implication of p53 deficiency in tumor invasion and metastasis 
also exist. For instance, it was reported that loss of p53 function 
enhances invasion and metastasis in a mouse model of hepatocel-
lular carcinoma.32 Also, p53 mutation was frequently observed in 
invasive tumors in a genetic model of colorectal tumorigenesis.33 
The pathways and molecular mechanisms underlying the effects 
of p53 on tumor cell migration, invasion and metastasis are also 
being revealed. For example, Guo et al. reported that Rho family 
GTPases and phosphoinositide 3-kinase are involved in cell 

present in the conditioned media from the cultures of PC-3 and 
T98G cells transfected with the wild-type p53 was also reduced as 
compare to that of the control cells, as analyzed by zymography 
(Fig. 5B). Using the conditioned media from the cultures of PC-3 
and T98G cells with or without expressing the wild-type p53, we 
also measured the invasive ability of LNCaP cells, which showed 
relative low EMMPRIN expression and low invasive ability (Fig. 
1A and B). As shown in Figure 5C, the invasive ability of LNCaP 
cells were significantly increased when cultured in the condi-
tioned media from the cultures of PC-3 or T98G cells that lack 
a functional p53, in comparison to that of the cells cultured in 
unconditioned media. By contrast, when cultured in the condi-
tioned media from the cultures of the p53-transfected cells the 
invasive ability of LNCaP cells were significantly reduced (Fig. 
5C). In the presence of Ilomastat, the invasive potential of LNCaP 
cells was further decreased (Fig. 5C). These results indicate that 
a functional p53 can suppress invasive potential of tumor cells 
through modulating the EMMPRIN-MMP-9 pathway.

Discussion

Based on our observation that cancer cell lines with different 
status of p53 function expressed different levels of EMMPRIN 
protein, i.e., the p53-null (PC-3) and -mutant (DU-145) tumor 
cells expressed higher level of EMMPRIN than LNCaP cells 
harboring wild-type p53 (Fig. 1A), and the expression levels of 
EMMPRIN in these three cell lines correlated with their respec-
tive invasive capacity (Fig. 1B–D), we hypothesized that the tumor 
suppressor protein, p53, plays a role in regulating the expression 
EMMPRIN and invasive potential of tumor cells. Because these 
three cell lines harbor other disparities between them in addition to 
the difference in their p53 status, such as their androgen receptor 
status,24 we carried out further experiments to test the effect of 
p53 on EMMPRIN expression. Our hypothesis is supported by 
our experiments showing that restoration of p53 function by 
genetic approaches resulted in a reduction of the protein level of 
EMMPRIN (Fig. 2A–C), and that induction of p53 in MCF-7 
cells by γ-irradiation lead to a decrease in EMMPRIN expression 
(Fig. 2D). By contrast, γ-irradiation did not cause a downregulation 
of EMMPRIN in NCI/ADR-RES cells whose p53 is inactivated 
(Fig. 2D), another evidence for a role for p53 in controlling the 
level of EMMPRIN.

Many of the p53-regulated events such as apoptosis and cell 
cycle are mediated through its effects on gene transcription.25,26 
Nevertheless, inhibition of EMMPRIN expression by p53 appears 
to be independent of transcriptional regulation, as we did not 
observe any effect of p53 on the expression of EMMPRIN 
mRNA (Fig. 3). Interestingly, we found that downregulation of 
EMMPRIN by p53 was sensitive to inhibition of endosome- 
lysosome traffic by chloroquine, but not to inhibition of protea-
some by MG132 (Fig. 4), suggesting that the p53-mediated 
regulation of EMMPRIN occurs in the lysosomal pathway, one 
of the two alternative systems for protein degradation in cells. 
Indeed, using a web-based algorithm PEST find, we did not find 
in EMMPRIN any valid PEST sequences, a region that usually 
renders proteins susceptible to ubiquitination and proteasomal 

Figure 3. EMMPRIN transcription is not affected by p53. (A) LVCaP cells 
were cultured at 32°C and 39°C for indicated times. Total RNA was 
extracted by TRIzol® reagent, and EMMPRIN mRNA was determined by 
qRT-PCR. The mRNA level ratios between 32 and 39°C in different time 
points were shown. p21 was used as a positive control. (B) PC-3 cells were 
transfected with different amounts of p53 plasmid. Twenty-four hours later, 
total RNA was extracted from each sample and EMMPRIN mRNA was 
determined by qRT-PCR. p21 was used as a positive control. EMMPRIN or 
p21 mRNA levels of the control samples were arbitrarily set at one, and 
the mRNA levels of EMMPRIN or p21 in the treated samples were normal-
ized to the control. Results are the mean ± SD of triplicate determinations 
from one of three identical experiments.
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Antibodies and reagents. The antibodies used in this 
study were purchased from the following sources: monoclonal  
anti-EMMPRIN antibody, Research Diagnostics, Inc., (Flanders, 
NJ); monoclonal anti-p53 antibody, Santa Cruz Biotechnology, 
Inc., (Santa Cruz, CA); monoclonal anti-p21 antibody, Calbiochem; 
monoclonal anti-ran and anti-b-actin antibody, Sigma (St. Louis, 
MO). Halt Protease Inhibitor Cocktail was purchased from Pierce 
Biotechnology, Inc.; MMP-9 inhibitor, Ilomastat, was purchased 
from Chemicon International Inc., (Billerica, MA); MG132 and 
chloroquine were purchased from Sigma; EMMPRIN-siRNA was 
purchased from Dharmacon RNA Technologies (Lafayette, CO).

siRNA, plasmid, and transfection. siRNA against EMMPRIN 
was transfected into cells using Lipofectamine 2000 (Invitrogen) 
according to the manufacturer’s instructions. EMMPRIN siRNAs 
sequences were: 5'-GUA CAA GAU CAC UGA CUC UUU-3'.10 
pRC/CMV-wt p53 expression plasmid was a generous gift from Dr. 
Arnold J. Levine (The Cancer Institute of New Jersey). Transfection 
of plasmid was also performed using the Lipofectamine 2000.

DNA damage treatment. Cells were cultured in 100-mm 
dishes for 24 h, and then were treated with γ-irradiation at 5 Gy 
(CIS BioInternational IBL 437C 137Cs γ-irradiation source; dose 
rate, 0.49 Gy/min).

Western blot analysis. Cell were lysed with TNT buffer (20 
mM Tris-HCl, pH 7.4, 200 mM NaCl, 1% Triton X-100, and 
protease inhibitor cocktail) and cell lysates were collected. Proteins 
were resolved by 15% SDS-PAGE. Following transfer of proteins to 
nitrocellulose, blots were incubated in blocking solution consisting 
of 5% milk in 10 mM Tris-HCl, pH 8.0, 150 mM NaCl and 0.1% 
Tween 20 at room temperature for 1 h, and then immunoblotted 
with the respective antibodies. Detection of protein by enzyme-
linked chemiluminescence (ECL) was performed according to the 

 migration and invasion promoted by loss of p53 function. The 
results of the current study demonstrate that inactivation of p53 
may promote tumor cell invasion via upregulating EMMPRIN, a 
cell surface glycoprotein that stimulates the productions of MMPs 
and hyaluronan, and activates several survival pathways. We also 
showed that restoration of p53 function could decrease the activity 
of MMPs such as MMP9 (Fig. 5A and B) and inhibit invasion of 
tumor cells (Fig. 5C). As EMMPRIN has been shown to play a 
promotive role in tumorigenesis, invasion and metastasis.34,35 The 
regulation of EMMPRIN by p53 may therefore represent one of 
the mechanisms by which this tumor suppressor protein controls 
development and progression of tumors. The study reported here 
further underscores the importance of restoring p53 function as 
an anti-cancer treatment, and suggests the potential of targeting 
EMMPRIN as a therapeutic strategy, in particular, for p53- 
deficient tumors.

Materials and Methods

Cell cultures. Human prostate cancer cell lines LNCaP, 
DU-145 and PC-3 were maintained in RPMI 1640 media with 
L-glutamine. Temperature-sensitive p53 transfectant, LVCaP line, 
was established and cultured as previously described.19 Human 
glioblastoma T98G cells were maintained in F-10 media; human 
breast cancer MCF-7 cells and ovarian carcinoma NCI/ADR-RES 
cells were cultured in RPMI-1640 media. All of the media contain 
10% fetal bovine serum, 100 units/ml penicillin and 100 μg/ml 
streptomycin. Cell cultures were maintained at 37°C in a humidi-
fied atmosphere containing 5% CO2, 95% air and were free of 
contamination by mycoplasma or fungi. All of the cell lines were 
discarded after 3 mo, and new cell cultures were propagated from 
frozen stocks.

Figure 4. Downregulation of EMMPRIN by p53 is not affected by proteasomal inhibitor, but is sensitive to lysosomal inhibitor. (A) LVCaP cells were 
cultured at 32°C or 39°C in the presence or absence of MG132 (10 μM) or chloroquine (50 μM). Twenty-four hours later, EMMPRIN, p21 and Ran 
were determined by western blot. Ran was used as a loading control. Protein expressions were quantified using the ImageJ software (NIH, Bethesda, 
MD). (B) PC-3 cells transfected with different amounts of p53 plasmid were treated with MG132 (10 μM) or choloroquine (50 μM) for 24 h. At the end 
of the treatment, EMMPRIN, p21 and Ran were determined by western blot. Results shown are representative of three similar experiments.
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95°C followed by 40 cycles at 95°C for 15 s, 67°C for 30 s, and 
72°C for 30 s. The annealing temperature of p21 and b-actin 
was 55°C. b-actin was used as internal control. Calculations were 
performed as described by Livak and Schmittgen.37

Assays of pro-MMP-9 and active MMP-9. Pro-MMP-9 
in conditioned media from cell culture was measured using an 
MMP-9 ELISA kit (Calbiochem, Cambridge, MA) according to 
the product manual.

MMP activity (active MMP-9) was assayed using a zymographic 
method as described previously.7 Briefly, conditioned media 
from cell culture were collected and concentrated. Concentrated 
conditioned media (10 μg of protein) were mixed with Laemmli 
loading buffer (without reducing agent) and subjected to gelatin 
(DIFCO Laboratories, Detroit, MI) zymography. MMP-9 activity 
was visualized as clear bands with Coomassie Brilliant Blue R-250 
staining.

Invasion assay. Invasive ability of tumor cells was measured 
as previous described, using the 24-well BD Biocoat Matrigel 
invasion chambers with 8-μm polycarbonated filters (Becton 
Dickinson, Bedford, MA). Briefly, cells (2.5 x 104 cells) were 
seeded in the Matrigel-coated inserts. Inserts were then placed 

manufacturer’s protocol (Pierce Biotechnology, Inc., Rockford, 
IL). Actin or Ran were used as a loading control.

Quantitative real-time reverse transcription polymerase chain 
reaction (qRT-PCR). Total RNA was extracted with TRIzol® 
reagent (Invitrogen, Carlsbad, CA). Two μg of mRNA were reverse 
transcribed into cDNA using an Omniscript RT kit (Qiagen 
GmbH, Hilden, Germany) in 20 μl reaction mixture, according 
to the manufacturer’s instructions. Primer sets of EMMPRIN gene 
were designed using the MacVector software (MacVector, Inc., 
Cary, NC). The primer sequences were as follows: EMMPRIN: 
forward, 5'-CCT CAC CTG CTC CTT GAA TGA C-3'; reverse, 
5'-CAC CTT GAA CTC CGT TTT CTG G-3'; p21: forward, 
5'-ACA GCA GAG GAA GAC CAT GTG-3'; reverse, 5'-GGG 
CTT CCT CTT GGA GAA GAT-3';36 b-actin: forward, 5'-CCA 
CAC TGT GCC CAT CTA CG-3'; reverse, 5'-CAG CGG AAC 
CGC TCA TTG CCA ATG G-3'. qRT-PCR analysis was carried 
out on a Stratagene MX 3005 amplification system (Stratagene, La 
Jolla, CA). For amplification, 10 μl of SYBR Green PCR master 
mix, 4 μl of diluted cDNA, and 200 nM primers were used in a  
20 μl reaction mixture, and all samples were amplified in triplicates. 
The cycling conditions included a 3 min polymerase activation at 

Figure 5. Effects of p53 on MMP-9 activity and tumor cell invasion. (A) PC-3 and T98G cells were transfected with different amounts of p53 plasmid, 
and then cultured at 37°C and 5% CO2 for 48 h in the absence or presence of 25 μM of Ilomastat. Pro-MMP-9 in the conditioned media was assayed 
using the MMP-9 ELISA Kit (Calbiochem). Each bar represents the mean ± SD of quadruplicate determinations from one of three independent experi-
ments. (B) Conditioned media from cell cultures were collected and concentrated; active MMP-9 in the conditioned media was measured by gelatin 
zymography. MMP-9 activity was visualized as clear bands. (C) PC-3 and T98G cells were transfected with 25 μg of p53 plasmid and then cultured at 
37°C and 5% CO2 for 24 h. The conditioned media (with or without MMP-9 inhibitor, Ilomastat, 25 μM) from the above cell culture were then used for 
culturing LNCaP cells in the upper chamber of the inserts. After a 48 h incubation, the inserts were transferred into a second 24-well plate containing  
500 μL/well of 4 μg/mL calcein AM (Invitrogen, Carlsbad, CA) in HBSS. Invading cells were quantified by measuring fluorescence using a Victor3 
Multi Label plate reader. Each bar represents the mean ± SD of quadruplicate determinations from one of three independent experiments. Results are 
representative of three similar experiments.
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into lower chambers filled with complete media with FBS or 
conditioned media. After incubation at 37°C for 48 h, the inserts 
were stained with hematoxylin and eosin and counted under a 
microscope at a magnification of x200. Alternatively, the inserts 
were transferred into a second 24-well plate containing 500 μL/
well of 4 μg/mL calcein AM (Invitrogen, Carlsbad, CA) in HBSS. 
Following a 1 h incubation at 37°C and 5% CO2, invading cells 
were quantified by measuring fluorescence using a Victor3 Multi 
Label plate reader (PerkinElmer, Wellesley, MA).
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