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1. Abstract
The effects of inhibition of transcription factor AP-1 on synthe-
sis of urokinase type plasminogen activator (uPA), uPA Receptor 
(uPAR), and Vascular Endothelial Growth Factor (VEGF) were 
determined using cultured salivary gland carcinoma cells (ACCS 
and ACCT cells). The expression of uPA, uPAR and VEGF was 
induced in the presence of EGF. To inhibit AP-1 activation, we 
transfected double-stranded synthetic oligonucleotides containing 
the binding sequence of AP-1 (AP-1 decoy ODNs) using a novel, 
Hemagglutinating virus of Japan-, liposome method. Transfec-
tion of AP-1 decoy ODNs into ACCS and ACCT cells inhibited 
EGF-induced uPA and uPAR mRNA expression. AP-1 decoy ODN 
transfection reduced the in vitro invasion activity of both cells in 
the presence of EGF to 27.0 and 39.4%, respectively. EGF-induced 
mRNA expression of VEGF was simultaneously suppressed by 
AP-1 decoy ODNs. Inhibition of AP-1 by decoy ODNs has poten-
tial as a novel method for the simultaneous inhibition of salivary 
gland carcinoma cell invasion and angiogenesis.

2. Introduction
Because salivary gland carcinomas are highly invasive and toler-
ate chemoradiotherapy, resection is often required. However, com-
plete resection is frequently impossible because of the complicated 
anatomy of the head and neck regions. New strategies are required 

to inhibit the invasion of salivary gland cancers and enhance pa-
tient survival. Many proteases, such as Matrix Metaloproteases 
(MMPs) [1, 2] and the uPA-uPAR system [3] are involved in can-
cer cell invasion. uPA is a critical factor for the fibrinolytic sys-
tem through activation of plasminogen to plasmin, while MMP-1 
activates pro-MMP-1 [3]. uPA regulates not only cleavage of the 
Extracellular Matrix (ECM), but also cell migration via binding to 
uPAR [4]. The uPA-uPAR system has important functions in tumor 
cell progression; several pathways are activated through binding 
of uPA to uPAR resulting in the stimulation of cell adhesion, in-
duction of chemotaxis and activation of the MAP kinase pathway, 
which induces cell invasion and migration [5-7]. The inhibition 
of the uPA-uPAR system via transfection of antisense RNA [8], 
neutralizing antibody [9], soluble uPAR [10] and dominant-neg-
ative uPAR [11] suppressed tumor cell migration and invasion. 
These reports suggest that inhibition of the uPA-uPAR system may 
suppress cancer cell invasion and metastasis. Expression of uPA 
and uPAR is induced by several cytokines [12]. Among them, Epi-
dermal Growth Factor (EGF) is expressed commonly by salivary 
gland carcinomas [13], and induces either/or uPA and uPAR syn-
thesis in cancer cells [14] through the activation of the transcrip-
tion factor, AP-1 [15].

Vasculature development is an important aspect of the growth and 
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metastasis of solid tumors. Among the angiogenic factors pro-
duced by tumor cells, Vascular Endothelial Growth Factor (VEGF) 
is considered to be the most potent and pathologically important 
[16]. The synthesis of VEGF is also modulated through AP-1, fol-
lowing stimulation by EGF. The inhibition of AP-1 activation in 
the presence of EGF may be effective in regulating the invasion of 
tumor cells and angiogenesis. If interference with AP1 activity re-
sults in the simultaneous inhibition of uPA- and uPAR-induced cell 
migration, and VEGF-related angiogenesis, tumor growth could 
be dramatically suppressed. In the present study, we applied a new 
‘decoy system’ by transfecting double-stranded Oligonucletides 
(ODNs), containing the binding sequence of AP-1, into cancer 
cells. The decoy AP1 binding sites in cancer cell nuclei should 
interfere with the binding of activated AP-1 in the presence of EGF 
to regulatory regions of target genes and thus act as a sink for AP1. 
As a result of the inhibition of AP-1, mRNA expression of uPA, 
uPAR and VEGF may also be affected. The purpose of this study 
was to examine the effects of inhibiting AP-1 activation by intro-
ducing decoy AP-1 into cells. The cell invasive and angiogenic ac-
tivities of salivary gland cancer cells carrying the AP-1 decoy were 
also determined. For transfection of AP-1 decoy ODNs, we used 
the Hemagglutinating Virus of Japan (HVJ)-liposome method 
[17]. The significance of our findings is discussed.

3. Materials and Methods
3.1. Cells

ACCS and ACCT cells (from Kyushu University Hospital, Fu-
kuoka, Japan), derived from adenoid cystic carcinoma cells of the 
salivary gland were cultured in DMEM medium supplemented 
with 10% fetal bovine serum (FBS, Flow Laboratories, Stanmore, 
Australia), penicillin (100 units/ml) and streptomycin (100 μg/ml) 
in a humidified 5% CO2 incubator (Multi-Gas incubator BL3200, 
Astec Co., Fukuoka, Japan) at 37oC. 

3.2. Synthesis of ODNs

The sequences of the decoy ODNs were selected as follows. ODNs 
were composed of the binding sequences (underlined) for the tran-
scriptional factor, AP-1, at the central site and dummy sequences 
upstream and downstream of the AP1 binding sequences [18]. Two 
bases (small letters) of the AP-1 binding sequence of AP-1 decoy 
ODNs (mt-AP-1 decoy ODNs) were mutated, and a lack of ho-
mology to binding sequences for other transcription factors was 
confirmed using Databases on Transcriptional Regulation [19].

       AP-1 decoy ODNs:

                         5’ -ATTACCGGGCGGGCGGGCTAC- 3’

                         3’ -GTAGCCCGCCCGCCCGGTAAT- 5’

       mt-AP-1 decoy ODNs:

                         5’ -ATTACCGG t a GG t a GGGCTAC- 3’

                         3’ –GTAGCCC t a CC t a CCGGTAAT- 5’

To enhance the intranuclear shift of the transferred decoy ODNs, 
high mobility group proteins (HMG)-1 and -2 were incubated with 
the ODNs at 20oC for 20 min to facilitate complex formation.

3.3. Transfection of Decoy ODNs using the HVJ-Liposome 
Method

We transferred ODNs into cancer cells using the HVJ-liposome 
method [17]. Briefly, phosphatidylserine (sodium salt), phospha-
tidylcholine and cholesterol (all from Sigma Chemical Company, 
St. Louis, Missouri) were mixed at a ratio of 1:4.8:2 by weight 
in 3.9 ml tetrahydrofuran. The lipid mixture (10 mg) was depos-
ited on the sides of a flask by removal of the organic solvent in a 
rotary evaporator. The dried lipid was hydrated in 200 µl AP-1 
decoy ODNs or mt-AP-1 decoy ODNs, and the mixture was vig-
orously shaken in a Vortex mixer for 30 seconds. After the ad-
dition of 300 µl of BSS (140 nmol/l, NaCl, 5.4 nmol/l, KCl, 10 
mmol/l, Tris-HCl, pH 7.6), the sample was placed on a mechanical 
reciprocal shaker (120 strokes/min) at 37oC for 30 min. Purified 
HVJ (Z strain) was inactivated by fragmentation of genomic RNA 
by ultraviolet (UV) irradiation (11J/m2/s) for 120 s, and 30,000 
hemagglutination units of the HVJ solution were added to the 
liposome suspension. The total volume was brought to 4 ml by 
addition of BSS. The mixture was incubated at 4oC for 10 min 
to allow the HVJ to adhere to the liposomes and then at 37oC for 
60 min with gentle shaking to allow the liposome membrane and 
HVJ to fuse. Free HVJ was removed from the HVJ-liposomes by 
sucrose density gradient centrifugation at 60,000 × g at 4oC for 
3 h. The HVJ-liposomes containing wild-type or mt AP-1 decoy 
ODNs were stored at 4oC and used for transfections. HVJ-lipo-
somes without ODNs (empty HVJ vehicles) were used as controls.

After cultivation of cancer cells to 50% confluency, 10% FBS-sup-
plemented RPMI 1640 was replaced with FBS-free RPMI 1640 
and incubated for 12 h. Serum-free medium was exchanged with 
HVJ-liposome solution containing either decoy ODNs or no 
ODNs was added in balanced salt solution (10 mM Tris-HCl, 137 
mM NaCl, 5.4 mM KCl) at a concentration of 100 HVJ-liposome 
particles/ cell. After incubation at 37oC for 12 h, cells were washed 
with Phosphate Buffered Saline (PBS) five times to completely re-
move the un-transferred HVJ-liposomes. Cells were immediately 
used for the following experiments.

3.5. Flow Cytometry

To detect intracellular decoy ODNs in the cultured cells after trans-
fection, ACCS and ACCT cells were transfered with FITC-labeled 
AP-1 decoy ODNs or mt-AP-1 decoy ODNs by HVJ-liposome 
method and subjected to flow cytometry. Cells were trypsinized, 
washed three times with PBS, and analyzed on a FACScan II (Bec-
ton Diskinson, Mountain View, CA), gated for live cells. Fluores-
cence was monitored at 488 nm with a 525 nm band pass filter. 
ACCS and ACCT cells that had been transfected with mt-AP-1 
decoy ODNs using a simple liposome method and cells with mt-
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AP-1 decoy ODNs alone in the culture medium were included as 
controls.

3.6. Electrophoretic Mobility Shift Assays 

Nuclear proteins from cancer cells were isolated [20] 30 and 60 
min after serum-free media containing EGF (100 ng/ml) replaced 
conditioned media supplemented with serum. Twenty micrograms 
of nuclear extracts were subjected to Electrophoretic Mobility 
Shift Assay (EMSA), as reported previously [21]. AP-1 decoy 
ODNs or mt-AP-1 decoy ODNs (0.35 pmol/µl) were end-labeled 
using T4 polynucleotide kinase, [γ-32P] dATP in binding buffer 
(GIBCO BRL, Life Technologies, Inc., Rockville, MD) for 30 min 
incubation at 37 oC in a total volume of 10 µl, and the reaction 
was stopped with EDTA. Ten micrograms of nuclear extract and 
2.0 µg of poly (dI-dC) were incubated with radiolabeled ([γ-32P] 
dATP) wild-type or mt AP1 decoy ODNs in a total volume of 15 
µl. ODN-protein complexes were analyzed by electrophoresis 
through 5% polyacrylamide gels in 22.3 mM Tris, 22.3 mM boric 
acid, and 0.5 mM EDTA. A BAS 2000 bioimage analyzer (Fuji 
Photo Film Co., Tokyo, Japan) was used to visualize bands. 

3.7. Northern Blot Analysis

ACCS and ACCT cells were treated with EGF (100 ng/ml) for 
24 h, and total RNA was collected using guanidine isothiocyanate 
extraction, as described previously [24]. Twenty micrograms of to-
tal RNA were electrophoresed on 1.2% agarose/3% formaldehyde 
RNA gels and transferred onto N nylon membranes (Amersham 
Life Sciences, Amersham, UK). Membranes were pre-hybridized 
in 1 mM EDTA, 0.5 M NaHPO4, pH 7.2, and 7% SDS at 52 oC for 
2 h. Hybridization was performed with radiolabeled uPA, uPAR 
or VEGF cDNAs in the above solution at 52 oC for 16 h. The 
membranes were initially washed in 0.1× SSC/0.1% SDS at 52oC. 
Visualization was performed using the BAS 2000, and mRNA ex-
pression was evaluated by densitometry.

cDNA probes (uPA, uPAR and VEGF) were radiolabeled with 
[α-32P] dCTP (Amersham) using a DNA Labelling Kit (α-dCTP; 
Pharmacia Biotech). Total RNA was routinely standardized using 
human GAPDH.

3.8. In Vitro Invasion Assay

The Boyden chamber was used to evaluate cell migration activity, 
as described elsewhere [21], in a 24-microwell chemotaxis cham-
ber (Falcon). The upper and lower wells were separated by a poly-
vinyl-pyrolidone-free polycarbonate filter (8 µm pore size) coated 
with Matrigel. EGF (100 ng/ml)-containing medium was placed in 
the lower wells. ACCS and ACCT cell suspensions, 1.2×104 cells 
in 50 µl of serum-free medium, were added to the upper wells. 
The chamber was incubated at 37 oC for 6 h; the filters were then 
removed and fixed in methanol overnight. Non-migrating cells on 
the upper surface of the filter were removed with a cotton swab. 
Cells were stained with Giemsa and 10 random fields per well 

were counted under 40× magnification. Migration was assayed by 
measuring the number of cells that had moved across the filter. 
Each experiment was performed in triplicate. Migrated cell num-
bers were expressed as mean ± S.D, and compared with the num-
ber of migrating cells without any treatment.

3.9. Statistical Analysis

Results were expressed as the mean ± S.D. Statistical comparison 
of the multiple means was carried out by an analysis of variance; a 
comparison of the two means was performed with Student’s t-test. 
All p values were analyzed. 

4. Results
4.1. Effect of EGF on uPA, uPAR and VEGF Synthesis in Sali-
vary Gland Carcinoma Cells

To examine the effects of EGF on uPA and uPAR mRNA expres-
sion in ACCS and ACCT cells, after treatment with EGF (0, 10 
and 100 ng/ml) total RNA was isolated and subjected to Northern 
blot analysis. Expression of uPA and uPAR mRNAs was highest 
in both cells after stimulation with 100 ng/ml EGF (Figure 1), al-
though no morphological changes were apparent (data not shown). 
Thus, we treated ACCS and ACCT cells with 100 ng/ml EGF in 
subsequent experiments.

Figure 1: Northern blot analysis of uPA and uPAR mRNA in ACCS and 
ACCT cells.  After treatment for 24 h with the indicated concentration of 
EGF (0, 10, 100 ng/ml) total RNA was isolated from cells. For each lane, 
20 µg of total RNA was electrophoresed on a 1.2% agarose gel, trans-
ferred to a nitrocellulose membrane, and hybridized with radiolabeled 
uPA or uPAR cDNA probes. Human GAPDH was the internal control.

4.2. EGF Activates AP-1 

To confirm the transactivation of AP-1 in ACCS and ACCT cells 
after EGF (100 ng/ml) treatment for 30 and 60 min, EMSA was 
performed using radiolabeled AP-1 decoy ODNs as probes. Nu-
clear proteins extracted from ACCS and ACCT cells formed com-
plexes with radiolabeled AP-1 decoy ODNs following stimulation 
with EGF for 60 min, whereas no complexes were detected with 
radiolabeled-mt-AP-1 decoy ODNs (Figure 2). These results in-
dicate that EGF treatment induced the transactivation of AP-1 in 
ACCS and ACCT cells. Also, as expected the AP-1 decoy ODNs 
and mt-AP-1 decoy ODNs functioned as positive and negative 
probes, respectively. 
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Figure 2: The effects of EGF stimulation on AP-1 activity in ACCS and ACCT cells. Nuclear extracts were prepared from ACCS and ACCT cells incu-
bated for the indicated times in the presence of EGF (100 ng/ml). Following incubation with 32P-labeled AP-1 decoy ODNs or mt-AP-1 decoy ODNs, 
cells were analyzed by EMSA. Solid arrowheads indicate the position of the specific complex of AP-1 and decoy ODNs.

4.3. Gene Transfer of Decoy ODNs by HVJ-liposomes

We transferred AP-1 decoy ODNs or mt-AP-1 deocy ODNs to 
ACCS and ACCT cells using HVJ-liposomes. To determine the 
transfer efficiency, FITC-labeled AP-1 decoy ODNs or mt-AP-1 
decoy ODNs were transferred into cancer cells, and the frequen-
cy of cells that had taken up the lipofected DNA was determined 

by flow cytometry. FITC-labeled AP-1 decoy ODNs and mt-AP-1 
decoy ODNs were both transferred to 100% of both cancer cell 
types (Figure 3, and data not shown), respectively. Relative to 
the HVJ-liposome method, both the simple liposome method and 
ODNs alone had extremely low efficiencies (data not shown).

Figure 3: In vitro expression of FITC-labeled AP-1 decoy ODNs in ACCS and ACCT cells introduced using the HVJ-liposome method. Three hours 
after transfection of FITC-labeled AP-1 decoy ODNs into ACCS (a) and ACCT (b) cells using the HVJ-liposome method, both cell types were subjected 
to flow cytometry to determine the transfection efficiency. Cells transfected with simple liposomes or ODNs alone were included as controls.

4.4. Effect of AP-1 Decoy ODNs on EGF-induced uPA, uPAR 
and VEGF mRNA Expression in ACCS and ACCT cells

Next, the effect of the transfected AP-1 decoy ODNs on EGF-in-
duced uPA, uPAR and VEGF mRNAs expression were determined 
in ACCS and ACCT cells. Transfections of mt-AP-1 decoy ODNs 
and empty HVJ-liposomes were also performed as controls. Al-
though transfection of AP-1 decoy ODNs dramatically reduced 
EGF (100 ng/ml)-induced uPA, uPAR and VEGF mRNA synthe-
sis in both cell types, neither mt-AP-1 decoy transfection nor the 
empty HVJ-liposome influenced uPA, uPAR and VEGF mRNA 
expression (Figure 4).

4.5. In vitro invasion activities of ACCS and ACCT cells trans-
fected with AP-1 decoy ODNs

To examine the invasion activity of ACCS and ACCT cells in the 
presence or absence of EGF (100 ng/ml), in vitro invasion assays 
were performed. The number of invading cells was dramatical-
ly increased in the presence of EGF (100 ng/ml) as compared to 
that in medium alone (Figure 5). We also examined the effects of 
AP-1 decoy ODNs on EGF-mediated in vitro invasion activities. 
AP-1 decoy ODNs inhibited EGF-induced invasion by ACCS and 
ACCT cells to 27 and 39.4%, respectively. In addition, neither 
transfection of mt-AP-1 decoy ODNs nor treatment with empty 
HVJ-liposome influenced EGF-induced invasion activity of either 
cell type.
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Figure 4: Effects of decoy ODNs on EGF-induced uPA, uPAR and VEGF 
mRNA expression. Total RNA was isolated from ACCS and ACCT cells 
cultured for 24 h in the presence of EGF (100 ng/ml) after transfection 
of AP-1 decoy ODNs (AP-1 decoy), mt-AP-1 decoy ODNs (mt-decoy) 
and treatment with empty HVJ liposomes (Empty). Both cell lines were 
cultured for 24 h in the presence or absence of EGF (100 ng/ml). Twenty 
micrograms of total RNA were electrophoresed on a 1.2% agarose gel, 
transferred to a nitrocellulose membrane, and hybridized with radiola-
beled cDNA probes. The number on the lanes indicates the relative inten-
sity identified by densitometry. Human GAPDH mRNA was included as 
an internal standard.

Figure 5: Effects of AP-1 decoy ODNs on the invasion ability of ACCS 
and ACCT cells. ACCS and ACCT cells were transfected with AP-1 de-
coy ODNs (AP-1 decoy) or mt-AP-1 decoy ODNs (mt-decoy). ACCS 
and ACCT cells treated with empty HVJ-liposomes (empty) were also 
prepared. Cells were suspended at a density of 1.2 × 104 cells in 50 ml of 
serum-free medium and seeded on the upper surface of the filter of the 
Matrigel chemotaxis chamber. Medium with EGF (100 ng/ml) was added 
to the lower wells and incubated at 37°C for 6 h. The number of cells on 
the lower surface of the filter was then counted. The data represent the 
number of cells/well ± S.D. Each experiment was performed in triplicate. 
The means were compared statistically by variance analysis, and pairs 
of means were compared using Student’s unpaired t-test. P values were 
analyzed on two sides.

5. Discussion
The most important characteristic of salivary gland cancer cells 
is their capacity to invade surrounding tissue, which depends on 
many proteases such as MMPs and uPA. uPA plays an important 
role in pericellular fibrinolyis during cell migration and tissue re-
modeling by physiological activation of plasminogen to plasmin 

[22]. Binding of uPA to its receptor, uPAR, accelerates uPA acti-
vation from the enzymatically inactive pro-uPA [23]. uPA is also 
key factor in activation of MMP-1 [24]. In addition, uPA regulates 
cancer cell invasion by not only degrading the ECM, but also in-
ducting cell migrating activity, independent of its proteolytic ac-
tivity [22]. There have been several reports that inhibition of the 
uPA-uPAR system suppressed tumor cell migaration and invasion, 
via transfection of antisense RNA [8], neutralizing antibodies [9], 
soluble uPAR [10] and dominant-negative uPAR [11]. These re-
ports suggest that inhibition of the uPA-uPAR system may sup-
press cancer cell invasion and metastasis. However, these methods 
have clinical barriers, such as side effects and transfer efficiency. 
In the present study, we propose a safe method for use as a thera-
peutic tool, a decoy strategy using the HVJ-liposome method that 
was developed in Japan.

EGF-induced transactivation of AP-1 could be identified in ACCS 
and ACCT cells using EMSA and labeled AP-1 decoy ODNs, but 
not using labeled mutant type AP-1 decoy ODNs. Thus, the AP-1 
decoy ODN used in this study was functional, and the mutant 
ODN could be used as a negative control for the decoy strategy.

We demonstrated that transfection of AP-1 decoy ODNs using the 
HVJ-liposome method led to the inhibition of EGF-induced uPA 
and uPAR synthesis in ACCS and ACCT cells. The decoy strat-
egy was originally reported by Morishita et al. [25], who used 
nuclear factor-kappa beta decoy ODNs to suppress acute inflam-
matory processes in myocardial ischemia and reperfusion injury. 
We selected the decoy system to inhibit AP-1’s role in regulating 
EGF-induced uPA and uPAR synthesis, since uPA and uPAR ex-
pression are transactivated by AP-1 [15]. While uPA and uPAR 
overexpression in the presence of EGF was inhibited by trans-
fection of AP-1 decoy ODNs, neither mt-AP-1 decoy ODNs nor 
treatment with empty HVJ-liposome influenced uPA or uPAR ex-
pression. In addition, the number of invading cells detected in the 
in vitro invasion assay was reduced by transfection of AP-1 decoy 
ODNs. These in vitro results suggested that the AP-1 decoy strate-
gy is a novel and efficient therapeutic tool for the inhibition of uPA 
and uPAR expression and suppression of cell invasion.

Another important characteristic of cancer is angiogenic activity, 
and VEGF is an important factor in the development of stromal 
neovascularization. In the present study, transfection of wild-type 
AP-1 decoy ODNs also reduced EGF-induced VEGF mRNA syn-
thesis in ACCS and ACCT cells. These results indicate that AP-1 
decoy transfection by the HVJ-liposome method could simulta-
neously suppress the angiogenic and invasive activities of ACCS 
and ACCT cells by inhibiting VEGF synthesis and the uPA-uPAR 
system.

The HVJ-liposome method has several advantages, including a 
high efficiency of transferring ODNs and proteins, a possible use 
in gene transfer, because this vector is non-immunogenic, and fi-
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nally HVJ virus when inactivated by UV-irradiation is non-viru-
lent in humans. In fact, when we followed the transfer efficiency 
and time-sequential localization of FITC-labeled ODNs in cancer 
cells by flow cytometry and fluorescent microscopy, we found 
that the transfer efficiency was 100% at 3 h after transfer, without 
apparent cytotoxic effects on cancer cells. In fact, FITC-labeled 
ODNs were mainly localized within the cytoplasm at 3 h and then 
in cancer cell nuclei 6 h after transfection. These results indicate 
that the HVJ-liposome method is both useful and effective for 
ODN transfer. However, animal studies are required to further 
study the inhibitory effects of decoy ODNs on AP-1.
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