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Abstract 

     Stromal cell-derived factor-1 (SDF-1; CXCL12), the C-X-C subfamily of 

chemokine, has been found to involve in cell migration. Here, we found that SDF-1 

increased migration and urokinase plasminogen activator (u-PA) secretion and 

expression in human oral cancer cell. U-PA small interfering RNA inhibited the 

SDF-1-induced u-PA expression and thereby significantly inhibited the 

SDF-1-induced cell migration. We also found that the transcriptional regulation of 

u-PA by SDF-1 was mediated by phosphorylation of extracellular signal-regulated 

kinases (ERKs) and PI3K/Akt pathway and SDF-1 induced migration activity was 

inhibited by the specific inhibitor of Erk 1/2 and PI3K/Akt pathway. Taken together, 

these results indicate that SDF-1 enhanced migration of oral cancer cells through the 

increase of u-PA production. 
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Introduction 

 Oral cancer is the sixth leading cause of cancer death in Taiwan [1], and more 

than 85-90 % of cases are oral squamous cell carcinoma (OSCC) [2]. The clinical 

presentation of this disease is complex and affected areas may include lip, tongue, 

major salivary glands, gums and adjacent oral cavity tissues, floor of the mouth, 

tonsils, oropharynx, nasopharynx, hypopharynx and other oral regions, nasal cavity, 

accessory sinuses, middle ear, and larynx [3].  

The development of carcinogenesis requires not only proliferation of tumor cells, 

but also infiltration of organs, which promote tumor growth and metastases [4-12]. 

Stromal cell-derived factor-1 (SDF-1; CXCL12), the C-X-C (Cys-Xxx-Cys) 

subfamily of chemokine [4], has been found to involve in cell proliferation, [5,6] cell 

migration, [7,8] and cell invasion[5]. The interaction between SDF-1 and its 

seven-transmembrane G-coupled receptor, CXCR4, is associated with cell 

proliferation, [7,9] extramedullary organ infiltration, [8] cell migration, [7,10,11] 

tumor grade development, [11] transcriptional activation[6,10], and metastases 

[12,13]. As well, over expression of SDF-1 and CXCR4 are associated with the 

development and metastasis of human oral squamous cell carcinoma [14-16]. 

The urokinase plasminogen activator (u-PA) system is a serine proteinase system 

involved in extracellular matrix (ECM) degradation [17].  Many experimental and 
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clinical studies have demonstrated the association of u-PA system activity with 

prognosis of cancer patient [17-19].  The levels of u-PA system are highly expressed 

in invasive carcinomas, but are very low in normal tissues [19, 20].  Therefore, the 

levels of u-PA system in tumor tissues are implicated as prognostic biomarkers in a 

wide range of malignancies [18, 19, 21].  Additionally, the involvement of u-PA 

system members on human cancer progress has been explored in a recent study [22].  

The contribution of SDF-1 to cancer migration has been intensively studied. 

U-PA modulates the cell migration and invasion of several types of cancer cells. 

However, the effect of SDF-1 and u-PA on migration activity in human oral cells is 

still unknown. Here, we show that SDF-1 increase migration and up-regulate u-PA 

expression in human oral cancer cells. In addition, Erk 1/2 nad PI3K/ Akt pathway 

signaling pathways are involved.  

 

Materials and Methods  

Materials.  

Cell culture materials and fetal bovine serum (FBS) were obtained from 

Gibco-BRL (Gaithersburg, MD). An enhanced chemiluminescence kit was purchased 

from Amersham (Arlington Heights, IL). Antibodies specific for u-PA, Erk1/2, JNK, 

PI3K, Akt, p38 and β-actin were obtained from Santa Cruz Biotechnology Inc. (Santa 
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Cruz, CA, USA). Unless otherwise specified, other chemicals used in this study were 

purchased from Sigma Chemical Co. (St. Louis, MO).  

 

2.2. Cell culture   

    OECM were were cultured in DMEM supplemented with 10 % FBS and 

penicillin (100 U/mL), streptomycin (100 μg/mL), and 25 mM HEPES (pH 7.4) in a 

humidified 37 °C incubator. 

 

2.3. Cell migration assays  

Cell migration were assayed according to the methods described by Yang et al 

[23]. After treatment with SDF-1 (0∼100 ng/mL) for 24 h, surviving cells were 

harvested and seeded in a Boyden chamber (Neuro Probe, Cabin John, MD, USA) at a 

density of 104 cells/well in serum free medium, and then incubated for 24 h. For 

invasion assay, 10 μl Matrigel (25 mg/50 mL; BD Biosciences, MA, USA) was 

applied to 8 μm pore size polycarbonate membrane filters and the bottom chamber 

contained standard medium. The invaded cells were fixed and stained with 5 % 

Giemsa. Cell numbers were counted under a light microscope.  

 

2.4. casein zymography  
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The activities of u-PA in conditional medium were measured using casein 

zymography protease assays as described previously [24]. Collected media of an 

appropriate volume were subjected to 0.1 % casein-8 % SDS–PAGE electrophoresis. 

After electrophoresis, gels were washed with 2.5 % Triton X-100 and incubated in 

reaction buffer (40 mM Tris–HCl, pH 8.0; 10 mM CaCl2 and 0.01 % NaN3) for 12 h 

at 37 °C. The gel was, then, stained with Coomassie brilliant blue R-250. 

 

2.5. RNA preparation and TaqMan quantitative real-time PCR 

Total RNA was isolated from oral cancer cells using Trizol (Life Technologies, 

Grand Island, NY) according to the manufacturer’s instructions. Quantitative 

real-time PCR analysis was carried out using Taqman one-step PCR Master Mix 

(Applied Biosystems). 100 ng of total cDNA was added per 25 μl reaction with 

MMP-2 or GAPDH primers and Taqman probes. The MMP-1, MMP-2, MMP-3, 

MMP-8, MMP-9, MMP-12, MMP-13, MMP-14, u-PA, u-PAR, PAI-1 and GAPDH 

primers and probes were designed using commercial software (ABI PRISM Sequence 

Detection System; Applied Biosystems). Quantitative real-time PCR assays were 

carried out in triplicate on a StepOnePlus sequence detection system. The threshold 

was set above the non-template control background and within the linear phase of 

target gene amplification to calculate the cycle number at which the transcript was 

 6



detected. 

 

2.6. Western blot analysis  

The total cell lysates or nuclear extracts were prepared as previously 

described[25] . Western blot analysis was performed using primary antibodies against 

u-PA, u-PA, Erk1/2, JNK, PI3K, Akt, p38 and β-actin. The relative photographic 

densities were quantitated by scanning the photographic negatives using a gel 

documentation and analysis system (AlphaImager 2000, Alpha Innotech Corporation, 

San Leandro, CA, USA).  

 

2.7. Small interfering RNA transfection  

Silencer pre-designed small interference RNA (siRNA) for human u-PA and a 

non-related control siRNA-A were obtained from Santa Cruz Biotechnology Inc. 

(Santa Cruz, CA). After OECM-1 cells had grown to 70% confluence, the cells were 

transfected with the siRNA duplexes at a final concentration of 20 nM using 

GenMuteTM siRNA Transfection Reagent (SignaGen Laboratories) according to the 

manufacturer's instructions.  

 

2.8. Statistical analysis  
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Statistical significances of differences throughout this study were analyzed by 

One-way ANOVA test to compare differences between treatments and followed up 

using Dunnett’s multiple comparison post-hoc test. A p value < 0.05 was considered to 

be statistically significant. Values represent the means ± standard deviation and the 

experiments were repeated three times. 
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Figure 1 
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Figure 1. Effects of SDF-1 on migration of OECM-1 cells. Cell migration was 

measured using a Boyden chamber for 24 h with polycarbonate filters. The migration 

abilities of OECM-1 cells were quantified by counting the number of cells that 

invaded to the underside of the porous polycarbonate as described in the Materials 

and Methods section. The values represented the means ± SD of at least three 

independent experiments. *p < 0.05 as compared with the vehicle group. 
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Figure 2 

 

Figure 2. Effect of SDF-1 (100 ng/mL) on MMPs mRNA levels on OECM-1 cell. 

OECM-1 cells were treated with SDF-1 (100 ng/mL) for 2 h and then subjected to 

real-time PCR to analyze the mRNA expression of MMP-1, MMP-2, MMP-3, 

MMP-8, MMP-9, MMP-12, MMP-13 and MMP-14. The values represented the 

means ± SD of at least three independent experiments. 
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Figure 3 

 

Figure 3. Effect of SDF-1 (100 ng/mL) on u-PA system mRNA levels on OECM-1 

cell. OECM-1 cells were treated with SDF-1 (50 ng/mL) for 1, 2, 4, and 8 h and then 

subjected to real-time PCR to analyze the mRNA expression of u-PA, u-PAR and 

PAI-1. The values represented the means ± SD of at least three independent 

experiments.  
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Figure 4 

(A) 

              

(B)                                       (C) 

         

Figure 4. Effects of SDF-1 on the mRNA ,activity and protein level of u-PA. (A) 

OECM-1 cells were treated with SDF-1 (50 ng/mL) for 1, 2, 4, and 8 h and then 

subjected to RT-PCR to analyze the mRNA expression of u-PA. OECM-1 cells were 

treated with SDF-1 (50 or 100 ng/mL) for 6, 12, and 24 h and then subjected to casein 

zymography to analyze the activity of u-PA (B) or Western blotting to analyze the 

protein levels of u-PA (C). Quantitative results of u-PA protein levels, which were 

adjusted with β-actin protein level.  
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Figure 5 

             

Figure 5. Effect of SDF-1 on MAPKs and PI3K/Akt pathway. The effect of SDF-1 on 

the phosphorylation of ERK1/2, p38, JNK1/2, PI3k and Akt was investigated by 

Western blot analysis. SDF-1 induced ERK1/2 and Akt phosphorylation in OECM-1 

cells.  
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Figure 6 
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Figure 6. Critical role of u-PA in SDF-1-induced migration in OECM-1 cells. 

OECM-1 cells were transiently transfected with au-PA-specific siRNA or control 

siRNA for 7 h. The migration abilities of OECM-1 cells were quantified by counting 

the number of cells that invaded to the underside of the porous polycarbonate as 

described in the Materials and Methods section. The values represented the means ± 

SD of at least three independent experiments. *p < 0.05 as compared with the control 

group; #p < 0.05 as compared with the SDF-1 treatment group.  
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Figure 7 
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Figure 7. Effects of MAPK inhibitors on SDF-1-induced migration in OECM-1 cells. 

OECM-1 cells were treated with SDF-1 for 24 h in the presence or absence of 10 uM 

U0126 and 20 uM LY294002. The migration abilities of OECM-1 cells were 

quantified by counting the number of cells that invaded to the underside of the porous 

polycarbonate as described in the Materials and Methods section. The values 

represented the means ± SD of at least three independent experiments. *p < 0.05 as 

compared with the control group; #p < 0.05 as compared with the SDF-1 treatment 

group. 
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