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Abstract

Cten is a focal adhesion molecule that is expressed at very low levels in most normal tissues. 

Nonetheless, its expression has been found to increase dramatically in many types of cancer 

including colorectal, breast, gastric, and pancreatic cancer, suggesting that cten may play a critical 

role during tumorigenesis. To study the mechanisms that induce cten expression and the function 

of up-regulated cten, we examined the effects of several cancer-associated growth factors and 

cytokines on cten expression. We found that EGF, FGF2, NGF, PDGF, TGF-β, IGF-1, IL-6, and 

IL-13 were able to induce cten expression in a dose- and time-dependent manner. The Mek-Erk 

and PI3K-Akt pathways were two main signaling cascades responsible for cten up-regulation, 

whereas the Jak-Stat pathway could contribute to the increase in some conditions. Since many of 

these factors are known to promote cell migration, we hypothesized that up-regulated cten might 

contribute to this process. This hypothesis was investigated in FGF2-mediated cell migration. 

Silencing of cten not only reduced regular cell motility but also FGF2-mediated cell migration. 

Overexpression of cten promoted cell migration and FGF2 treatment failed to further enhance cell 

migration. Our findings that (1) cten is a common downstream molecule of these cancer-

associated growth factors and cytokines; and that (2) up-regulated cten modulates cell migration 

induced by FGF2 and likely other growth factors as well, strongly suggest that cten could be a 

potential downstream therapeutic target for treating cancers associated with aberrant signaling of 

these growth factors and cytokines.
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INTRODUCTION

Focal adhesions are the transmembrane links between the extracellular matrix and the 

cytoskeletal network. They regulate various biological processes such as cell adhesion, 

migration, proliferation, differentiation, apoptosis, and gene expression.[1–5] Dysregulation 

of these processes may lead to cell transformation and cancer development. The encoding 
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proteins of the tensin family, including tensin1, tensin2, tensin3, and cten (C-terminal tensin 

like), localize to the cytoplasmic side of focal adhesions and play roles in signal transduction 

and organizing cytoskeleton.[6] Among them, cten is the smallest protein in the family and 

contains the shared C-terminal SH2 and PTB domains but lacks the actin-binding domain 

that is found in the N-terminus of other tensins, [7] suggesting that cten may not directly 

interact with actin filaments. The expression of cten is relatively restricted to normal 

prostate and placenta, and is reduced in advanced prostate cancers.[7] In addition, cten 

recruits DLC1 (deleted in liver cancer-1) to focal adhesions and this interaction is critical for 

DLC1s tumor suppressor activity.[2,8] In contrast to its potential role as a tumor suppressor 

in the prostate, cten expression has been found to be up-regulated in thymoma, gastric, 

colorectal, breast, lung, and pancreatic cancer, [9–15] suggesting that overexpression of cten 

in certain tissues may play a critical role in tumorigenesis.

Fibroblast growth factors (FGFs) regulate many developmental pathways. The mammalian 

FGF family comprises 18 ligands that signal through four conserved tyrosine kinase 

receptors to activate four key downstream pathways: Ras-Mek-Erk, PI3K-Akt, STAT, and 

PLC.[16] It is not surprising that dysregulated FGF signaling is found in and may lead to 

several types of cancer by promoting tumor cell proliferation, survival, migration, and 

invasion. For example, FGF2 (aka bFGF, FGFβ) is overexpressed in prostate, colon, breast, 

lung, and bladder cancer. [17–21] Due to the involvement of FGF/FGFR family members in 

multiple steps of cancer development, several therapeutic approaches are being developed, 

including small molecule inhibitors, monoclonal antibodies, and ligand traps.[16] These 

therapeutic strategies have also been applied to many other growth factor or cytokine 

signaling pathways for treating cancer patients.

Here, we examined several growth factors and cytokines known to be up-regulated in 

various cancers to determine how each affects cten expression in non-malignant prostate 

epithelial cells (MLC-SV40 and RWPE-1) and colon adenocarcinomas (SW480). These two 

cell types were selected because that both express high levels of endogenous cten allowing 

us to monitor the expression changes, and that one is non-malignant epithelial cells and the 

other is adenocarcinomas permitting us to compare the potential differential responses 

between non-malignant cells versus cancer cells. Our results showed that epidermal growth 

factor (EGF), FGF2, transforming growth factor beta (TGF-β), nerve growth factor (NGF), 

platelet-derived growth factor (PDGF), insulin-like growth factor (IGF-1), interleukin 6 

(IL-6), and interleukin 13 (IL-13) treatments induced dose- and time-dependent cten protein 

expression in these cells. The up-regulation of cten is mainly dependent on the Mek-Erk and 

PI3K-Akt pathways in both cell types. On the other hand, the Jak-Stat pathway is more 

critical in SW480 cells in regulating cten expression. The up-regulation of cten is required 

for FGF2-mediated cell migration, implicating a possible role of cten in tumor invasion and 

metastasis.

MATERIALS AND METHODS

Reagents and Cell Culture

EGF was purchased from Invitrogen (Carlsbad, CA); FGF2, PDGF, TFG-β, and IGF-1 were 

purchased from PeproTech (Rocky Hill, NJ); NGF and IL-6 were purchased from BD 
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(Franklin Lakes, NJ); and IL-13 was purchased from ProSpec (East Brunswick, NJ). MLC-

SV40 cells, a gift from J. Rhim (Uniform Services University, Bethesda, MD) were cultured 

in keratinocyte serum-free medium supplemented with antibiotics, 5 ng/ml human 

recombinant EGF, and 0.05 mg/ml bovine pituitary extract (Invitrogen). SW480 cells were 

obtained from American Type Culture Collection (Manassas, VA). SW480 cells were 

cultured in DMEM with antibiotic and 10% fetal bovine serum. In all cten induction studies, 

MLC-SV40 cells were cultured in keratinocyte serum-free medium without EGF and bovine 

pituitary extraction, and SW480 cells were cultured in serum-free DMEM for 24 h prior to 

growth factor or cytokine treatment. Cells were lysed in radioimmunoprecipitation assay 

buffer containing protease and phosphastase inhibitors (Roche Applied Science, 

Indianapolis, IN). The protein expression levels of cten, tensin3, and GAPDH were 

determined by immunoblotting analysis. Each experiment was repeated at least three times.

RNA Extraction, Reverse Transcription, and Real-Time Quantitative PCR

After growth factor administration for 2 h, total RNAs from MLC-SV40 or SW480 were 

extracted by using RNeasy mini kit (Qiagen, Valencia, CA), and then reverse transcribed by 

using SuperScript III (Invitrogen). Real-time PCR was performed by using 7900 HT 

(Applied Biosystems, Foster City, CA) to monitor the expression of cten and β-actin by 

using SYBR® green PCR Master Mix (Applied Biosystems). Primers used for cten mRNA 

detected were 5′-gtggacatacccattgtgctgatcaac-3′ (forward) and 5′-ggt-

gggctgcatgtccctggcggg-3′ (reverse). Relative quantification of cten mRNA expression was 

measured by normalization with β-actin and expressed relative to control by using ΔΔCt 

method.

Constitutive Active-Mek1/2 Constructs (CA-Mek1/2) and Plasmid Transfection

PCR strategy was applied to generated constitutive active-Mek1 (CA-Mek1) fragment using 

the CC2 plasmid (Addgene, Cambridge, MA, #21207) as a template. Then the CA-Mek1 

fragment was subcloned into BamHI/NotI sites of pCDNA3.1(+) (Invitrogen) plasmid 

(pCDN3.1-CA-Mek1). For CA-Mek2 expression construct, the CA-Mek2 fragment was 

isolated directly from M2E1 plasmid (Addgene, #21206) by restriction enzyme digestion 

then subcloned into BamHI/EcoRI sites of pCDNA3.1(+) (pCDNA3.1-CA-Mek2). 

Constitutive active-Myr-PIK3CA (#12523) and AKT-T308D/S473D (#14751) plasmids 

were obtained from Addgene. The plasmids were transfected into SW480 or MLC-SV40 

cells by using Lipofetamine 2000® (Invitrogen).

Adenovirus Infection, siRNA Transfection, and Cell Migration

The virus titer of Ad-myc-cten (myc epitope tagged-cten) and Ad-LacZ were determined by 

using Quick-Titer Adenovirus Titer ELISA kit (Cell Biolabs, Inc., San Diego, CA) 

according to manufacturer’s instruction. Cells were infected with indicated adenovirus or 

transfected with control siRNA (Santa Cruz Biotechnology Dallas, Texas, sc-37007) or cten 

siRNA (5′-GCCCAGUGUCUGAUGUCAGCUAUAU-3′; 20 nM) for 24 h prior to 

transwell migration assay. Briefly, cells were trypsinized and resuspended in keratinocyte 

serum-free medium without EGF and bovine pituitary extract, and then transferred (1 × 105 

cells in 100 μl medium) to the upper transwell; and 600 μl keratinocyte serum-free medium 
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with or without FGF2 (10 ng/ml) in the absence of EGF and bovine pituitary extract was 

added into the lower well. After incubation for another 24 h, the cells on the upper surface of 

the transwell were removed and the cells on the lower surface were fixed, stained, and 

photographed for counting. Each experiment was repeated at least three times.

RESULTS

Cten Expression Is Induced by Growth Factors and Cytokines

Cten is overexpressed in many types of cancers and may play a critical role during 

tumorigenesis. To explore possible mechanisms that may regulate cten expression, we have 

investigated the effects of EGF, FGF2, NGF, TGF-β, PDGF, IGF-1 IL-6, and IL-13 on non-

malignant prostate epithelial cells (MLC-SV40) and colon cancer cell line (SW480). EGF 

was used as a positive control, since we have previously showed that EGF induced cten 

expression.[12] MLC-SV40 cells cultured in keratinocyte plain medium for 24 h were 

treated with indicated factors at various concentrations for another 24 h and then cten 

protein levels were measured by immunoblot analysis. As shown in Figure 1A, EGF (5–60 

ng/ml), FGF2 (1–10 ng/ml), NGF (5–50 ng/ml), TGF-β (0.1–10 ng/ml), PDGF (0.3–3 ng/

ml), IGF-1 (1–20 ng/ml), IL-6 (0.01–1 ng/ml), and IL-13 (0.01–1 ng/ml) significantly 

induced cten protein expression in a dose-dependent manner. Next, the effects of EGF (60 

ng/ml), FGF2 (10 ng/ml), NGF (20 ng/ml), TGF-β (1 ng/ml), PDGF (3 ng/ml), IGF-1 (5 ng/

ml), IL-6 (1 ng/ml), and IL-13 (1 ng/ml) treatments for 1, 3, and 6 h were analyzed. The 

results showed that EGF, FGF2, NGF, and TGF-β were able to enhance cten expression 

within 3 h and all factors significantly induce cten protein levels within 6 h (Figure 1B). 

Meanwhile, the expression of another member of the tensin family, tensin3, was not affected 

by any of these treatments. Similar results were observed in RWPE-1 cells (data not shown) 

and SW480 colon cancer cells (Figure 2). Real-time quantitative PCR assays were 

performed to examine whether cten up-regulation might be mediated through the 

transcriptional process. The results showed that EGF (60 ng/ml), FGF2 (10 ng/ml), or NGF 

(50 ng/ml) treatment significantly increased cten mRNA levels in MLC-SV40 and SW480 

(Figure 3). Overall, cten expression is induced by these growth factors and cytokines in a 

dose- and time-dependent fashion in both cell types.

Cten Expression Is Regulated by Various Signaling Pathways

Since these factors are able to induce cten expression and they all induce at least two 

common pathways, namely the Mek-Erk and PI3K-Akt pathways, we have tested whether 

these signaling cascades are involved in cten up-regulation by using various inhibitors in the 

presence of these factors. While inhibitors for Mek (U0126 and PD98059) and PI3K 

(LY294002) significantly blocked cten induction mediated by all seven growth factors and 

cytokines (except LY294002 in IGF-1mediated induction), the Jak inhibitor (AG490) 

reduced cten expression initiated by TGF-β, IL-6, or IL-13 in MLC-SV40 cells (Figure 4A). 

In SW480 cells, inhibitors for Mek, PI3K, and Jak antagonized cten induction by these 

growth factors with several exceptions (Figure 4A). For example, Jak inhibitor showed no 

effect on cten induction by IL-6. In addition, blocking the PI3K-Akt pathway appeared to 

have very limited effect on IGF-1-mediated cten induction. To further demonstrate the 

positive involvement of Mek1/2 in cten expression, the effects of constitutively activated 
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forms of Mek1 (CA-Mek1) or Mek2 (CA-Mek2) were tested in SW480 (Figure 4B) and 

MLC-SV40 (not shown) cells. The results showed that both CA-Mek1 and CA-Mek2 up-

regulated cten expression. Similarly, expression of either constitutively activated PI3K 

(myr-PI3KCA) or AKT (T308D/S473D) increased cten protein levels in SW480 (Figure 4B) 

and MLC-SV40 (not shown) cells. Taken together, these results suggest that Mek-Erk and 

PI3K-Akt are key main pathways contributing to cten expression.

Cten Up-Regulation Is Critical for FGF2-Mediated Cell Migration

To understand the functional significance of up-regulated cten, we focused on the analyses 

of its role in FGF2-mediated cell migration. FGF2 is well known to enhance cell migration 

in various cell types. In our experimental conditions, FGF2 treatment showed significantly 

increases of MLC-SV40 cell migration in silence and overexpression controls (Figure 5A, 

control si and Ad-lacZ). Silencing of cten markedly reduced cell migration and FGF2 

treatment had a limited, but not statistically significantly, effect on promoting migration. In 

parallel experiments, over-expression of cten by adenovirus infection (Ad-cten) greatly 

induced cell motility and FGF2 treatment failed to further enhanced migration. Same results 

were observed using SW480 cancer cells (Figure 5B). These results strongly suggest that 

cten contributes to FGF2-mediated cell migration.

DISCUSSION

In this study, we reported that cten expression was enhanced by a group of growth factors 

and cytokines. The effect of EGF on cten expression is consistent with our previous finding 

in Hela and MCF10A cells.[12] However, we did not detect tensin3 down-regulation by 

EGF treatment in prostate cell and colon cancer cell systems. Cten expression promoted by 

IL-6 also echoes a recent report showing that IL-6 mediates cten up-regulation in a Jak-

Stat3-dependent manner in MCF10A cells.[22] The positive effects on cten expression of 

FGF2, NGF, IL-13, PDGF, TGF-β, and IGF-1 have not been reported prior to current study.

The functional relevance of cten up-regulation is illustrated in FGF2-mediated cell 

migration. Our results have pointed to a critical role of cten in regular cell migration and 

migration induced by FGF2, since FGF2 treatment shows very limited effects in cten 

knockdown or overexpression cells. In addition to cten, there are other molecules/pathways 

involved in FGF2-mediated cell migration, including Rac activation, [23] Mek1/2 activation, 

[24] enhancing secretion of matrix metalloproteinase-1, plasminogen activator inhibitor-1, 

and cathepsin L, [25] and inhibition the degradation of hyaluronan by decreasing hyaluroni-

dase-2 expression, [26] in a variety of cell types. It will be interesting to examine whether 

these pathways are cell type specific and whether cten acts synergistically or parallelly with 

these molecules in the future studies.

Our analyses demonstrate that the Mek-Erk and PI3K-Akt are two critical pathways leading 

to cten upregulation in both cell types. In agreement with our finding, it has been recently 

reported that cten is a target of K-Ras, [15] which activates Mek through Raf. On the other 

hand, the Jak-Stat pathway appears to play a more important role in colon cancer cells 

(SW480) than in prostate epithelial cells (MLC-SV40). The differences between these two 

cell lines are the tissue origins and the malignances of the cells. Since the Jak-Stat pathway 
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is involved in both colon and prostate cancer development, [27,28] the discrepancy is likely 

due to abnormal cellular contexts in SW480 cancer cells. It has been demonstrated that the 

Jak-Stat pathway is essential for SW480 cell survival.[29] This may explain the more 

involvement of Jak-Stat pathway in regulating cten expression in SW480 cells.

From our findings, cten appears to be a common downstream molecule of these tumor 

related growth factors and cytokines. Clinical trials targeting growth factor receptors, 

including FGFR and EGFR, demonstrated promising results for cancer treatment. However, 

some patients showed no response due to mutations in their downstream molecules such as 

Ras or Raf. Being further downstream of these molecules and very low expression levels if 

any in most of normal tissues, cten might be an excellent alternative therapeutic target for 

treating these cancer patients.
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Abbreviations

Cten C-terminal tensin like

SH2 Src homology 2

PTB phosphotyrosine binding

EGF epidermal growth factor

FGF2 fibroblast growth factor 2

NGF nerve growth factor

PDGF platelet-derived growth factor

TFG-β transforming growth factor beta

IGF-1 insulin-like growth factor

IL-6 interleukin 6

IL-13 interleukin 13
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Figure 1. 
Cten protein levels are regulated by EGF, FGF2, NGF, TGF-β, PDGF, IGF-1, IL-6, and 

IL-13 in human prostatic epithelial cells. MLC-SV40 cells cultured in plain medium 

(without EGF and bovine pituitary extract) for 24 h were treated with indicated 

concentrations of growth factors or cytokines for another 24 h (A) or treated with indicated 

concentration for 1, 3, and 6 h (B). Total cell lysates were prepared and protein expression 

levels were monitored by immunoblotting with indicated antibodies. GAPDH was detected 

as an equal loading control. The intensity of each cten band was quantified, and expressed as 

a fold increase using the signal at dose 0 or time 0 as a reference.
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Figure 2. 
Cten protein levels are regulated by growth factors in human colorectal carcinoma. SW480 

cells cultured in serum-free medium for 24 h were treated with indicated concentrations of 

growth factors or cytokines for another 24 h (A) or treated with indicated concentration for 

1, 3, and 6 h (B). Total cell lysates were prepared and protein expression levels were 

monitored by immunoblotting with indicated antibodies. GAPDH was detected as an equal 

loading control. The intensity of each cten band was quantified, and expressed as a fold 

increase using the signal at dose 0 or time 0 as a reference.
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Figure 3. 
Growth factor treatments up-regulate cten mRNA levels. MLC-SV40 or SW480 cells 

cultured in plain medium for 24 h were treated with EGF (60 ng/ml), FGF2 (10 ng/ml), or 

NGF (50 ng/ml) for another 2 h, and then cten mRNA levels were determined by real-time 

quantitative PCR assays.
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Figure 4. 
Mek-Erk and PI3K-Akt are two main pathways involved in growth factor-mediated cten 

expression. (A) MLC-SV40 or SW480 cells cultured in plain medium for 24 h were pre-

treated with indicated inhibitors for 30 min prior to FGF2, NGF, IL-13, IL-6, IGF-1, PDGF, 

or TGF-β 24 h incubation. Cten protein levels were determined by immunoblotting. C, 

control (no inhibitor); AG, AG490 (JAK2 inhibitor, 50 μM); U, U0126 (Mek1/2 inhibitor, 

10 μM); LY, LY294002 (PI3K inhibitor, 25 μM); PD, PD98059 (Mek1 inhibitor, 25 μM). 

(B) Cell lysates prepared from SW480 transfected with control (con), constitutive active 

Mek1 (CA-Mek1), Mek2 (CA-Mek2), myr-PI3KCA (PI3KCA), Akt-T308D/S473D (Akt) 

were immunoblotted with indicated antibodies.
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Figure 5. 
Cten is critical for FGF2-mediated cell migration. MLC-SV40 (A) or SW480 (B) cells 

transfected with control siRNA or cten siRNA; infected with Ad-Lac or Ad-cten for 24 h 

were used for cell migration studies in the absence or presence of FGF2 (10 ng/ml). *P < 

0.05 and **P < 0.01. Protein levels of indicated molecules were analyzed by 

immunoblotting.
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