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Abstract: Urokinase receptor interacts with α5β1-integrin and enhances cancer cell proliferation and metastasis. 
Activation of α5β1-integrin requires caveolin-1 and is regulated by uPAR, which upregulates persistently the ac-
tivated ERK necessary for tumor growth. In this study, we show that the ganglioside GT1b induces proapoptotic 
signaling through two uPAR-ERK signaling pathways in A549 lung cancer cells. GT1b downregulated the expres-
sion of α5β1 integrin, caveolin-1, fibronectin, FAK, and ERK, whereas GT1b upregulated the expression of p53 and 
uPAR, suggesting GT1b mediated depletion of caveolin-1 in uPAR-expressing A549 cells also disrupts uPAR/integrin 
complexes, resulting in downregulation of fibronectin-α5β1-integrin-ERK signaling. Following p53 siRNA treatment, 
FAK and ERK expression was recovered, meaning the presence of reentry uPAR-FAK-ERK signaling pathway. These 
findings reveal that GT1b is involved in both caveolin-1-dependent uPAR-α5β1-integrin-ERK signaling and caveolin-
1-independent uPAR-FAK-ERK signaling. These results suggest a novel function of GT1b as a dual regulator of ERK 
by modulating caveolin-1 and p53.
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Introduction

Gangliosides are lipids that contain sialic acid 
modifications. Ganglioside GT1b is the member 
of the glycosphingolipid family, and is present 
in the plasma membrane of essentially all 
mammalian cells. GT1b plays a role in the regu-
lation of several biological processes, including 
cell migration, differentiation, and apoptosis, 
and functions as an antitumor agent in various 
cancers [1, 2]. 

Urokinase, also called urokinase-type plasmin-
ogen activator (uPA, PLAU), is a serine protease 
[3] that regulates several cellular signaling 
pathways and stimulates a variety of respons-
es. uPA also regulates the viability of human 
lung cancer cells. Expression of the urokinase 
receptor (uPAR/CD87, PLAUR) is significantly 
elevated in several types of tumors, and is fre-
quently associated with poor prognosis [4]. 

uPAR regulates membrane-associated extracel-
lular proteolysis by binding to the extracellular 
protease uPA, and also activates many mem-
brane-associated extracellular proteins and sig-
nals [5]. uPA-α5β1 integrin interactions play a 
critical role in regulating cancer cell metastasis 
and drug resistance. Proper integrin function is 
required for uPAR signaling. The binding of uPA 
to uPAR activates signaling via the α5β1 or 
α3β1 integrins in some cancer cells [5]. GT1b is 
known to inhibit uPAR/α5β1-integrin signaling. 
However, the role of the uPAR-α5β1 integrin 
signaling pathway in apoptosis is poorly 
understood. Crosstalk between uPAR and p53 
[6], and caveolin-induced uPAR-dependent ERK 
activation [7] have also been reported.

Lung cancer, which accounts for the majority 
(up to 85%) of non-small-cell lung carcinomas, 
is the second leading cause of cancer deaths 
worldwide [8]. Thus, lung cancer is still consid-
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ered to have a very high mortality rate [9]. 
Surgical and combined therapies have helped 
to reduce the mortality and morbidity of lung 
cancer over the last several decades; however, 
these therapies have limitations.

The aim of this study was to assess the role of 
uPAR/ERK signaling in lung cancer cells and its 
regulation by caveolin-1-dependent and -inde-
pendent processes. Our data provide novel 
insights into the mechanisms by which the 
downregulation of uPAR signaling contributes 
to proapoptosis. We also identified the proteins 
responsible for inhibiting uPAR signaling, which 
resulted in increased expression levels of p53 
and uPAR, reduced expression of α5β1-integrin 
signaling, and decreased caveolin-1, focal 
adhesion kinase 1 (FAK), and ERK activity. In 
addition, treatment with GT1b caused signifi-
cant induction of early apoptosis in A549 lung 
cancer cells.

Materials and methods

Cell culture

Human lung cancer (A549) cells were obtained 
from the American Type Culture Collection 
(Rockville, MD, USA). Cell lines were grown in 
Dulbecco’s Modified Eagle Medium (Sigma; St. 
Louis, MO, USA). The cells were incubated at 
37°C with 5% (v/v) CO2 for 24 h. The cells were 
then plated in 96-well plates at a density of 5 × 
103 cells/well. After a 24-h incubation, the cells 
were treated with 50 μg/mL GT1b. The optimal 
dose was determined using cytotoxicity tests 
after treatment for 24 h. To assess cell viability, 
10 μL of cell-counting kit-8 solution (Dojindo; 
Kumamoto, Japan) was added, and cell num-
bers were determined using a microplate read-
er (Sunrise; Tecan, Switzerland) to measure the 
absorbance at 450 nm.

Reagents and chemicals

Chemicals such as phosphate-buffered saline 
(PBS) were purchased from Sigma. GT1b was 
purchased from Sigma. Annexin-V-FLUOS stain-
ing kits were purchased from Roche Diagnostics 
GmbH (Mannheim, Germany). Whole cell lysis 
buffer was purchased from iNtRON (Seoul, 
Korea). Hilymax transfection reagent was pur-
chased from Dojindo.

Microarray analysis

GT1b-treated A549 lung cancer cells were ana-
lyzed using microarrays. Total RNA was extract-
ed from control or GT1b-treated cells. The 

resulting probes were then coupled to Cy3 (con-
trol) or Cy5 (GT1b-treated). The mixed Cy3- and 
Cy5-labeled RNA was hybridized with one side 
of Twin ChipTM Human 44K (Genocheck; Seoul, 
Korea), and RNA from GT1b-treated cells was 
hybridized to the other side of the chip. The 
resulting fluorescent images were quantified 
and normalized using software provided by the 
manufacturer. The experiment was repeated 
four times. Genes were considered to be differ-
entially expressed when the global M value, 
log2 (R/G fluorescence), exceeded 1.0 (two-
fold change) with a P-value < 0.05 after 
significance analysis of microarray (SAM). 

Gene ontology-related network analysis

Bioinformatic gene network analyses were per-
formed using ingenuity pathways analysis (IPA, 
http://www.ingenuity.com) to examine the bio-
logical functions of the differentially regulated 
genes and proteins according to ontology-relat-
ed interaction networks. IPA provides protein 
interaction networks based on the regularly 
updated “ingenuity pathways knowledgebase”. 
The network is optimized to include as many 
proteins from the input expression profile as 
possible, and aims to produce highly connect-
ed networks.

Fluorescence-assisted cytometric spectroscopy

To detect apoptosis, propidium iodide (PI)-
annexin-V staining was performed using an 
Annexin-V-FLUOS Staining kit according to the 
manufacturer’s instructions. Briefly, cells were 
treated with GT1b for 48 h, harvested, and 
washed twice with PBS. The cell suspension 
was centrifuged at 2000 rpm for 2 min, and 
was then incubated with 0.2 mg/mL Annexin-V-
FLUOS and 1.4 mg/mL PI for 15 min at room 
temperature. Data were analyzed using a FACS 
Caliber flow cytometer (Becton Dickinson; San 
Jose, CA, USA) with excitation at 488 nm and 
emission at 530/30 nm (band-pass filter) for 
annexin-V and 670 nm (high-pass filter) for PI. 
Data were analyzed using WinMDI V2.9 
software.

Western blotting

Thirty micrograms of denatured proteins were 
separated using 12% polyacrylamide gel elec-
trophoresis and transferred onto nitrocellulose 
membranes. The membranes were blocked for 
1 h with 5% (w/v) skimmed milk in TTBS (0.1% 
Tween-20 and Tris-buffered saline). They were 
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then incubated with diluted (1:1000) primary 
antibodies against Bcl-2, Bcl-XL, Bax, caspase 
8, PLAUR (uPAR), integrin-α8β1, integrin-α5β1, 
p-p53, p21 (all from Cell Signaling Technologies), 
ERK, p-ERK, FAK1, fibronectin (FN), caveolin-1, 
and actin (all from Santa Cruz). The membranes 
were washed three times with TTBS for 5 min, 
followed by incubation with 1:2000 dilutions of 
horseradish peroxidase-conjugated goat anti-
mouse or rabbit anti-goat IgG in TBS containing 
5% (w/v) skimmed milk at room temperature for 
1 h. The membranes were rinsed three times 
with TTBS for 5 min, and an enhanced chemilu-
minescence system (Thermo Scientific; San 
Jose, CA, USA) was used to visualize the bands 
on X-ray film (Kodak; Seoul, Korea).

p53 and caveolin-1 small interfering RNA 
(siRNA)

Non-specific control, p53 siRNAs (sequence: 
5’-GCG CAC AGA GGA AGA GAA U-3’) and caveo-
lin-1 siRNAs (sequence; 5’-AGA CGA GCU GAG 
CGA GAA GCA-3’) were obtained from Bioneer 
(Daejon, Korea). The transfection of siRNAs into 
A549 cells was performed using Hilymax 
reagent following the manufacturer’s instruc-

tions. Cells were then treated with 50 μg/mL 
GT1b for 48 h, and the cell cycle were assessed 
using a MoFlo Astrios flow cytometer (Beckman 
Coulter; Miami, FL, USA) with excitation at 488 
nm and emission at 670 nm to detect PI. 

Statistical analyses

GraphPad Prism software (GraphPad; San 
Diego, CA, USA) was used for all statistical anal-
yses. Student’s t-tests were used to assess the 
differences between control and GT1b-treated 
groups. The values were calculated and pre-
sented as means ± SD. P-values < 0.05 were 
considered to be significant.

Results

GT1b treatment inhibits lung cancer cell prolif-
eration

To investigate the effect of GT1b on the growth 
of lung cancer cells, A549 cells were pre-treat-
ed with GT1b, and growth inhibition was 
assessed using cell viability assays. As shown 
in Figure 1A, treatment with 50 μg/mL GT1b 
for 24 h significantly decreased the growth of 
A549 cells. To assess whether GT1b induces 

Figure 1. GT1b inhibits the growth of lung 
cancer cells. Cells were treated (as indicat-
ed) with 0 μg/mL, 25 μg/mL, and 50 μg/mL 
GT1b for 24 h A. The bar graphs show the 
means ± SDs of triplicate experiments. *, P 
< 0.05; **, P < 0.01 vs. control. B. Light mi-
croscopy images of cells treated with 50 μg/
mL GT1b for 24 h (× 200 magnification).
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early apoptosis in A549 cells, the morphology 
of untreated and GT1b-treated A549 cells was 
compared. GT1b-treated A549 cells seemed to 
attach poorly to the plate when visualized under 
a normal light microscope (Figure 1B).

The effect of GT1b on the cell cycle and cell 
death

The effect of GT1b on the cell cycle and cell 
death was analyzed quantitatively using PI 
staining followed by flow cytometry (Figure 2A), 
which allows for simultaneous assessment of 
the cell cycle and cell death. Specifically, the 
relative proportion of viable and apoptotic cells 
can be measured when co-staining with annex-
in V is performed. The treatment of A549 cells 
with 50 μg/mL GT1b led to the induction of pro-
apoptosis. The proportion of early apoptotic 
cells increased dramatically from 16% in the 
control cells to 52% in GT1b-treated cells. In 
addition, the respective proportions of late 
apoptotic cells in the two groups were 3% and 
5%. But, another ganglioside GD2, which as a 
negative control, had been no changes (16% to 
14% early apoptic cells, and 3% to 4% late 
apoptotic cells). Therefore, A549 cells appeared 
to be very sensitive to only GT1b. In GT1b-
treated A549 cells, the expression of Bax (a 

pro-apoptotic protein) was upregulated, where-
as Bcl-2 and Bcl-XL (anti-apoptotic proteins) 
were down regulated (Figure 2B). However, cas-
pase-8 levels were unchanged. 

GT1b-related gene expression in A549 lung 
cancer cells

We used cDNA microarrays to analyze GT1b-
related gene expression in lung cancer cells. 
The microarray data were filtered and com-
bined based on gene symbols, and network 
analyses were performed using the Database 
for Annotation, Visualization, and Integrated 
Discovery (DAVID) tools (http://david.abcc.ncif-
crf.gov/). Lists of genes that were at least two-
fold up- or downregulated in GT1b-treated cells 
were uploaded to DAVID for Gene Ontology 
analysis. The upregulated genes included those 
involved in the regulation of signal transduction 
(including p53-mediated signaling), cytoskele-
ton-dependent intracellular transport, and cell 
projection morphogenesis (Figure 3A). The 
downregulated genes included those involved 
in the negative regulation of cell proliferation, 
migration, and the regulation of apoptosis 
(Figure 3B). We next identified genes that were 
regulated by GT1b treatment and that play roles 
in apoptosis using the GeneCards database 

Figure 2. Analysis of apoptosis using double-labeling flow cy-
tometry in A549 cells treated with GT1b. Cells were untreated 
(A, left panel) or treated with 50 μg/mL GD2 (A, middle panel) 
and 50 μg/mL GT1b for 24 h (A, right panel). The cells were 
double-stained with PI and annexin-V. The lower-left quadrant 
indicates normal cells, the lower-right quadrant contains early 
apoptotic cells, and the upper-right quadrant contains late 
apoptotic cells. The data are representative of three indepen-
dent experiments. B. Western blotting for the expression of 
apoptosis-related proteins.
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(http://www.genecards.org/). We then inde-
pendently evaluated the association between 
the apoptosis-associated genes and those 
whose expression changed more than two-fold 
in GT1b-treated cells. The results are illustrated 
schematically as Venn diagrams in Figure 3C, 
and the gene lists are provided in Figure 3D.

Gene ontology analysis

We next used Gene Ontology analysis to explore 
the function of the GT1b-related proteins. The 
187 proteins that were up- or downregulated by 
GT1b were queried against the IPA program, 
resulting in a distinct interconnected network 

of 36 proteins (Figure 4). There were quantita-
tive alterations in gene expression in GT1b-
treated lung cancer cells compared with control 
cells. Among these, uPAR was identified as the 
center of the GT1b-related protein network in 
lung cancer cells. uPAR expression was 
increased in GT1b-treated lung cancer cells. 

The caveolin-1-dependent effects of GT1b on 
uPAR signaling pathway

To investigate the caveolin-dependent uPAR-
α5β1 integrin-ERK signaling pathway, the pres-
ent study was undertaken to identify the func-
tion of caveolin-1 as a membrane adaptor or a 

Figure 3. Microarray and Gene Ontology analyses and the apoptotic genes whose expression was altered by GT1b. 
Gene Ontology analysis revealed differentially expressed genes (> 2-fold, A, or >-fold-regulated genes, B) in A549 
human lung cancer cells in response to GT1b. Three gene lists (> 2-fold increase, > 2-fold decrease, and apoptosis-
related genes) are shown, which are also intersected individually using Venn diagrams (C). The apoptosis-related 
genes are shown in (D). The relative expression ratio was calculated by dividing the test channel intensity (GT1b) by 
the control channel intensity.
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scaffold to mediate uPAR-dependent activation 
of α5β1 integrin and ERK. uPAR and α5β1 inte-
grin and its ability to bind FN, FAK, ERK were 
monitored. A549 lung adenocarcinoma cells 
expressed caveolin-1, uPAR, α5β1 integrin, 
FAK, and ERK. When GT1b was applied to A549 
cells, expression of uPAR was increased, 
whereas caveolin-1, FN, α5β1 integrin, and 
FAK, pERK were decreased, indicating that 
uPAR, complexed with caveolin and signaling 
molecules, enters the cluster and then binds to 
α5β1 integrin with FN (Figure 5), and caveolin-1 
siRNA also decreased the abundance of caveo-
lin-1, FN, FAK1 and p-ERK (Figure 6B). These 
data demonstrate that GT1b downregulated 
caveolin-1 in uPAR-expressing A549 cells to 

disrupt uPAR/integrin complexes, resulting in 
downregulations of FN-α5β1-integrin-ERK sig-
naling. Thus, these findings reveal that GT1b is 
involved in caveolin-dependent uPAR-α5β1 
integrin-ERK signaling. 

The caveolin-1-independent uPAR-FAK-ERK 
signaling pathway

To investigate the caveolin-1-independent 
uPAR-FAK-ERK signaling pathway, the present 
study was undertaken to identify the caveolin-
1-independent reentry uPAR-mediated down-
stream signaling pathway. GT1b inhibited cave-
olin-1, FAK, and p-ERK expression. In addition, 
the expression of FN was downregulated by 

Figure 4. Network analysis based on Gene Ontology data. Proteins whose expression was changed at least two-fold 
in response to GT1b were queried in IPA, which yielded a distinct interconnected network of 36 proteins.
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GT1b. Downregulating the adhesion of α5β1-
integrin to FN inhibited the interaction between 
uPAR and α5β1-integrin through downregula-
tion of caveolin-1, resulting in inhibition of 
uPAR-α5β1 integrin-ERK signaling pathway. 
This suggests that GT1b activates uPAR, which 
inhibits α5β1 integrin to promote the develop-
ment of lung cancer. GT1b increased the levels 
of p-p53 and uPAR. To investigate the effect of 
p53 expression on uPAR signaling, we tried to 
clarify whether or not p53 mediates GT1b-
induced early apoptosis and growth arrest in 
A549 lung cancer cells. Control scrambled 
siRNA and p53 siRNA were transfected into 
A549 cells, which were then treated with GT1b 
for 24 h. Cells were stained with PI for cell cycle, 

and the left peak (sub-G1) in the resulting anal-
yses indicated early apoptotic cells. GT1b and 
p53 siRNA plus GT1b inhibited cell growth. The 
proportion of early apoptotic cells was 
increased from 6.95% in the control treatment 
to 26.14% in the GT1b treatment. The number 
of cells in the sub-G1 phase was increased to 
28.12% in p53 siRNA cells treated with GT1b 
compare to 10.34% in p53 siRNA cells (Figure 
6A). When p53 siRNA-transfected A549 cells 
were treated with GT1b, FAK and p-ERK levels 
were recovered, whereas there was no signifi-
cantly change in caveolin-1 expression (Figure 
6B), suggesting that uPAR activated rentry FAK-
ERK signaling pathway through downregulation 
of the uPAR complexed molecule, caveolin-1, by 
GT1b. These findings reveal that GT1b is 
involved in caveolin-1-independent reentry 
uPAR-FAK-ERK signaling through upregulation 
of p53. Thus, these results suggest that GT1b 
induces proapoptotic signaling through dual 
regulation of uPAR-ERK signaling by modulating 
caveolin and p53 in A549 lung cancer cells.

Discussion

GT1b promotes cell proliferation, migration, 
and invasion by affecting cell signaling at the 
membrane [8], and also induces apoptosis in 
various cancers [2, 8, 10]. However, the mecha-
nisms underlying the role of p53 and caveolin-1 
in the induction of apoptosis remain unclear. 
This study showed that pretreatment with 50 
μg/mL GT1b reduced cell viability and strongly 
inhibited the growth of A549 cells (Figure 1A). 
However, treatment with GT1b had little effect 
on the morphology of A549 cells compared 
with control treatment (Figure 1B). The results 
of annexin V-PI staining using FACS demon-
strated that GT1b could induce pro-apoptosis. 
GT1b transformed cells from the normal state 
(untreated group: 80.0% normal, 16.0% early 
apoptotic, and 3% late apoptotic) to the apop-
totic state (18.42% normal, 52.0% early apop-
totic, and 5.0% late apoptotic), but there were 
no changes treated with GD2 (Figure 2A). 
Therefore, these results suggest that GT1b 
exhibits anti-lung cancer activity and promotes 
pro-apoptosis compared with GD2. The anti-
apoptotic proteins Bcl-2 and Bcl-XL and the pro-
apoptotic protein Bax regulate critical steps in 
cancer cell death. Figure 2B shows that GT1b-
treated lung cancer cells had increased Bax 
and decreased Bcl-2 and Bcl-XL expression. The 

Figure 5. GT1b inhibits uPAR-α5β1 integrin-ERK sig-
naling. A549 cells were incubated with 50 μg/mL 
GT1b for 24 h, and the expression of ERK, phospho-
ERK, FAK1, uPAR, caveolin-1, fibronectin, integrin-
α8β1, integrin-α5β1, p21, and p53 was analyzed 
using western blotting. Actin was used as an internal 
standard.
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ratio of Bax/Bcl-2 expression is a key factor in 
the regulation of apoptosis [11] and as a late 
apoptosis marker caspase 8 had not changed. 
Thus, GT1b clearly induced early apoptosis in 
lung cancer cells. 

To analyze GT1b-related gene expression in 
lung cancer cells, we used a cDNA microarray 
approach. The clustered microarray data identi-
fied groups of genes that were regulated differ-
ently in control and GT1b-treated cells. The 
genes whose expression changed by at least 
two-fold are shown in Figure 3A and 3B. Three 
groups of genes (> 2-fold increased, > 2-fold 
decreased, and apoptosis-related genes) are 
shown. Among these, 122 genes were 
increased by > 2-fold, and 53 were decreased 
by > 2-fold with apoptosis related genes indi-
vidually using Venn diagrams (Figure 3C). The 
apoptosis-related genes are listed in Figure 3D. 
To explore the major GT1b-related proteins 
identified using Gene Ontology analyses, we 
used IPA to query 187 proteins that were up- or 
downregulated by GT1b. These analyses result-
ed in a distinct interconnected network of 35 
proteins (Figure 4). Among these, uPAR was the 
center of the GT1b-related protein network. 

uPAR interacts with integrins, and is a critical 
regulator of cancer cell proliferation and angio-

genesis. In this study, we investigated the 
potential function of uPAR in lung cancer. uPAR 
expression was increased in GT1b-treated lung 
cancer cells. Protein-protein network analysis 
suggested that uPAR interacts with multiple 
proteins. Although it is clear that uPAR plays a 
key role in lung cancer [12], the mechanism is 
unclear. The accumulation of uPAR has been 
associated with lung cancer therapy. uPAR 
ligands such as FN and vitronectin are also cru-
cial for this process. In addition, uPAR-modulat-
ed signal transduction requires α5β1 integrins 
[13]. In various cells, uPA binding to uPAR stim-
ulates integrins, through as yet unknown part-
ner molecules, which triggers FAK1, and acti-
vates myosin light-chain kinase [14]. Inhibiting 
uPAR induces apoptosis [15]. However, our 
data suggest that even though GT1b activates 
uPAR, it also inhibits α5β1 integrin and acti-
vates p53. The role of p53 in the regulation of 
uPAR-α5β1 integrin signaling during apoptosis 
has not yet been fully characterized. Based on 
the results of this study, we hypothesize that 
p53 interferes with uPAR signaling. 

p53 plays a central role in many cellular 
responses by triggering cell cycle arrest or 
apoptosis [16]. In addition, mutant p53 drives 
cell invasion by promoting integrin recycling 

Figure 6. GT1b induces proapoptotic signaling 
through caveolin-1-dependent and reentry uPAR sig-
naling pathways. A. Control and p53 siRNAs were 
transfected into A549 cells, which were then treated 
with GT1b for 24 h. The data are representative of 
three independent experiments. B. Western blotting 
for the levels of phospho-p53, uPAR, caveolin-1, FAK1 
and pERK. Silencing p53 upregulated uPAR levels 
compared with control. GT1b inhibited the interaction 
between uPAR and α5β1 integrin, which upregulated 
uPAR and downregulated α5β1 integrin; the expres-
sion of uPAR and p53 was also increased. Caveolin-1, 
FN, α5β1 integrin, FAK1, and pERK in A549 cells were 
downregulated by si-caveolin-1. Actin was used as an 
internal standard. 
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[17], and can also regulate uPAR expression 
[6]. Although previous studies have reported 
only inhibitory effects of GT1b on uPAR-α5β1 
integrin signaling, in the current study, uPAR 
was increased, whereas caveolin-1, FN, FAK, 
ERK, and α5β1 integrin were decreased in 
GT1b-treated A549 lung cancer cells (Figure 5). 
The downregulation of caveolin and α5β1 
integrin implies caveolin-dependent effects of 
GT1b on the uPAR-α5β1 integrin signaling 
pathway. In contrast, the expression of α5β1 
integrin, FAK, and ERK was downregulated, 
indicating dissociation of the interaction 
between uPAR and α5β1 integrin. 

In an effort to verify the role of p53 in GT1b-
induced early apoptosis, we attempted to 
determine whether p53 is required for the 
induction of proapoptosis. We transfected cells 
with p53 siRNA and then treated them with 
GT1b. Inhibiting p53 in control cells had effect 
on the cell cycle, whereas the proportion of pro-
apoptotic cells was shifted from 6.95% to 
26.14% in A549 cells treated with GT1b alone, 
and was further increased to 28.12% in p53 
siRNA cells treated with GT1b compare to 
10.34% in p53 siRNA (Figure 6A). In addition, 
treating p53 siRNA cells with GT1b increased 
uPAR and decreased caveolin-1, FAK, and ERK 
expression (Figure 6B). These results are con-
sistent with a previous study demonstrating 
that uPAR induces apoptosis [18, 19]. 
Interestingly, this study suggests that GT1b 
could inhibit integrin-α5β1 but activate p53, 
even in the absence of the uPAR/α5β1-integrin 
interaction. Inhibiting the interaction between 
uPAR and α5β1-integrin activated p53. In view 
of previous observations that caveolin-1 stimu-
lates uPAR-dependent integrin activation and 
FN by uPAR [20, 21], and the association of 
activated uPAR with α5β1-integrin requires the 
presence of caveolin [8, 21]. we investigated 
whether si-caveolin-1 affects u-PAR interaction 
with integrins. We found that the si-caveolin-1 
decreased the association of FN with a5b1-
integrin, FAK, and pERK (Figure 6B). Thus, the 
caveolin-dependent effects of GT1b on the 
uPAR-α5β1 integrin-ERK signaling pathway 
suggest that GT1b regulates uPAR-α5β1 integ-
rin-ERK signaling through downregulation of 
caveolin. Although previous studies have 
reported only inhibitory effects of GT1b on 
uPAR-α5β1 integrin signaling, in the present 
study conducted in A549 lung cancer cells, 

α5β1 integrin was inhibited, whereas uPAR 
increased. When p53-silenced cells were treat-
ed with GT1b, FAK and p-ERK expression 
increased, whereas there was little change in 
caveolin protein expression, suggesting the 
involvement of a caveolin-independent reentry 
uPAR-FAK-ERK signaling pathway in these 
effects. 

The ability of GT1b to inhibit uPAR signaling in a 
caveolin-independent manner suggests the 
existence of unique signaling circuits in these 
cells. uPAR activated FAK and ERK phosphory-
lation through GT1b, which led to the activation 
of the classic mitogenic pathway, whereas 
upregulation of p53 by GT1b inactivated FAK 
and ERK. These results suggest that GT1b 
induces early apoptotic signaling through cave-
olin-1-dependent and caveolin-1-independent 
reentry uPAR signaling pathways by modulating 
caveolin-1 and p53 in A549 lung cancer cells. 
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