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Abstract. Fascin 1 (fascin) is known to be overexpressed in 
esophageal squamous cell carcinoma (ESCC); however, the 
mechanisms of this overexpression are unclear. In this study, 
the FSCN1 core promoter was isolated and the transcriptional 
regulatory mechanism of fascin overexpression in ESCC was 
investigated. By combining the use of progressive 5' deletions 
and dual-luciferase reporter assays, the FSCN1 core promoter 
was identified within the -74/-41 region in esophageal carcinoma 
EC109 cells harboring a GC box and a composite CRE/AP-1 
binding site. Further analysis demonstrated that only the GC 
box was essential for transcription. No methylated CpG sites 
were found within the FSCN1 promoter in normal and tumor 
cells or tissues examined by methylation-specific PCR (MSP) 
and bisulfite genomic sequencing (BGS), which suggested that 
hypomethylation did not contribute to the overexpression of 
fascin in ESCC. Furthermore, the region of +168/+2838 was 
found to inhibit promoter activity. Additional BGS analysis 
indicated that the region of +560/+859 (in exon 1) was hyper-
methylated in normal and tumor cells or tissues. Unexpectedly, 
demethylation did not eliminate the suppression, suggesting 
that a silencer caused this suppression, and not DNA methyla-
tion in exon 1. Taken together, the results indicate that fascin 
overexpression in ESCC is regulated by the transactivation of 
the fascin promoter, but not by its hypomethylation.

Introduction

Fascin 1 (fascin), a 55-kDa globular actin-bundling protein (1), 
is expressed in specific tissues and cells (2). In tissues such as 
brain and spleen, fascin is abundantly expressed, while at the 
cellular level it is observed mainly in neuronal and glial cells 
and microcapillary endothelial cells, as well as in antigen-
presenting dendritic cells (DCs) (3-6).

Fascin is expressed at low levels or is absent in normal 
epithelia, but is overexpressed in many human carcinomas 
(7). Fascin overexpression is correlated with poor patient 
prognosis in certain tumors, such as non-small-cell lung 
cancer and gastric, breast and oesophageal carcinomas (8-11). 
In esophageal squamous cell carcinoma (ESCC), it has been 
shown that the up-regulation of fascin occurs during the early 
stages of malignant transformation and is correlated with 
lymph-node metastasis (12). Hashimoto et al reported that in 
ESCC the infiltrative margins tended to stain most strongly for 
fascin (11), while a report from Xie et al revealed that fascin 
was localized in the membrane protrusion of ESCC cells, and 
that the down-regulation of fascin resulted in the suppression 
of cell proliferation and invasiveness (13). These findings 
strongly suggest that the overexpression of fascin plays an 
important role in invasion and metastasis in ESCC. However, 
the mechanisms by which fascin is up-regulated in carcinoma 
cells remain unclear.

Human fascin is encoded by the FSCN1 gene located at 
chromosome 7p22, which contains a 9-kb-intron 1 and another 
three introns. FSCN1 mRNA consists of a 121-bp 5' untrans-
lated region, a 1174-bp 3' untranslated region and a 1482-bp 
coding region producing a 493 amino acid polypeptide. Bros 
et al demonstrated that the core promoter of FSCN1 is located 
100-bp upstream from the transcription start site in DCs, and 
that this region contains a putative GC box, a composite CRE/
AP-1 binding site and a TATA box (14). However, it is not yet 
known whether the same mechanism of transcriptional regula-
tion is utilized in carcinoma cells.

Dense CpG sites in promoter or exon/intron regions are 
usually indicative of potential transcriptional regulatory 
elements. Methylation of these CpG sites blocks the binding 
of regulatory proteins, resulting in transcription repression 
(15). CpG island analysis using the CpGPLot program (EBI, 
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http://www.ebi.ac.uk/emboss/cpgplot) revealed that the FSCN1 
promoter region was highly GC-rich (73.86%), with a CpG 
island located at -270/+130. Two CpG islands were also found 
at exon 1 and intron 1 (+216/+1127 and +1330/+2151), sug-
gesting the presence of regulatory elements. To investigate the 
transcriptional regulation mechanism of FSCN1 in ESCC, the 
core promoter of FSCN1 was isolated from EC109 cells and an 
ESCC cell line (16), and the role of the FSCN1 extron  1/
intron 1 as a regulatory region was examined by methylation 
analysis.

Materials and methods

Reporter gene constructs. To define the extension of 
the FSCN1 promoter, a 3022-bp sequence (-2900/+122) 
including the major part of the 5'-flanking region of FSCN1 
(accession no. AY044229) was amplified, cloned into the 
pGL3-Basic vector (Promega, Madison, WI, USA) and 
named pBF-2900. The following primers were used: 5'-CAG 
TCAAGACCTAGCACAGGGCTCAGG-3' and 5'-GGTGGC 
AGTAGACGAGAGGCCGCTG-3'. A series of 5' deletion 
constructs of pBF-2900 was obtained using the Erase-a-Base® 
System (Promega). To compare regulatory elements within the 
promoter in ESCC cells with those in DCs, relevant restric-
tion sites (AatII, AatII/NheI, AatII/ApaI and ApaI/NheI) in the 
core promoter region were examined, and four constructs with 
small internal deletions were identified (14).

To assess the regulatory activity of exon 1/intron 1, a 
corresponding fragment 2671 bp in length (+168/+2838) was 
cloned into the pGL3-Promoter vector (pGLP) of Promega 
(named pP/Fi2671) and pBF-74 (named pBF-74/Fi2671), 
respectively, containing the SV40 promoter or the FSCN1 core 
promoter. Two deletion constructs, pBF-74/Fi628 and pBF-74/
Fi261, were obtained by digesting pBF-74/Fi2671 plasmid with 
SalI and SalI/BglII, respectively.

Cell culture and transfection. The human esophageal carci-
noma cell line EC109 was cultured in 199 medium (Invitrogen, 

Carlsbad, CA, USA) containing 10% fetal bovine serum in an 
atmosphere of 5% CO2 at 37˚C. For transfection, cells were 
plated in 96-well plates at 1.5x105 cells/ml, grown to 50-80% 
confluence and transfected with the plasmids described above 
using Superfect Transfection Reagent (Qiagen, Maryland, MD, 
USA) according to the manufacturer's instructions. Cells were 
treated with 10 µM 5-aza-dC (Sigma-Aldrich, St. Louis, MO, 
USA) for another 48 h before being harvested for the luciferase 
assay.

Luciferase assay. Cells transfected with luciferase constructs 
were harvested and lysed in Passive Lysis Buffer (Promega) 
after 48 h. The cell lysates were analyzed for firefly and renilla 
luciferase activity using the Dual-Luciferase Reporter Assay 
System (Promega) as recommended by the manufacturer. 
Firefly luciferase activity was normalized to renilla luciferase 
activity as an internal control.

Bisulfite treatment, methylation-specific PCR and bisulfite 
genomic sequencing. Several cell lines were used, including 
esophageal carcinoma cell lines such as EC18 (also known as 
EC/CUHK2; provided by Professor Z.Y. Shen of the Medical 
College of Shantou University, Shantou, P.R. China), EC109, 
EC8712, SHEEC (17,18) and an immortalized esophageal 
epithelial cell line, SHEE (19). These cell lines were rou-
tinely cultured in 199 medium. Eighteen primary tumors and 
their corresponding normal tissues were obtained from the 
Pathology Department of the Medical College of Shantou 
University. Genomic DNA was extracted from cell pellets or 
tissues. 10 µg of the DNA was denatured by the addition of 
3.3 µl of 3 M NaOH at 37˚C for 15 min. Subsequently, 333 µl 
of bisulfite solution was added and the DNA was incubated 
in darkness for 4 h at 55˚C. The modified DNA was purified 
using the Wizard DNA Clean-Up System (Promega) and 
dissolved in TE buffer (final concentration, 1 µg/20 µl).

For methylation-specific PCR (MSP), treated DNA was 
amplified using a methylation-specific primer or an unmeth-
ylation-specific primer set (Table I). MSP was performed in 

Table I. Sequences of primers used.

PCR	 Primers	L ocation (AY044229)

MSP for FSCN1 promoter
   FsnMF2	 5'-GTGGCGTTGACGTTATTTC-3'	 -56 to -38
   FsnMR2	 5'-ATAAACGAAAAACCGCTACG-3'	 +95 to +114
   FsnUF2	 5'-TTGGTGGTGTTGATGTTATTTT-3'	 -59 to -38
   FsnUR2	 5'-ATAAACAAAAAACCACTACACAA-3'	 +92 to +114

BGS for FSCN1 promoter
   FsnBGS1	 5'-GTGAGGGGTGATGTTTTT-3'	 -218 to -199
   FsnBGS2	 5'-CCCTACTCCTTTATTCRACTAC-3'	 +34 to +55

BGS for FSCN1 exon 1
   261-BGSF	 5'-GTTTGAAGAAGAAGTAGATTTGGA-3'	 +237 to +260
   261-BGSR	 5'-TAACGATATACACGCTCCACT-3'	 +493 to +513
   638-BGSF	 5'-AGCGTTACGCGTATTTGAG-3'	 +560 to +578
   638-BGSR	 5'-TACCCACCTTAATAACCTTACCC-3'	 +837 to +859
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40 cycles of 94˚C for 30 sec, 58˚C for 30 sec and 72˚C for 
30 sec using the AmpliTaq Gold system (Applied Biosystems, 
Foster City, CA, USA). For bisulfite genomic sequencing 
(BGS), modified DNA was amplified using several BGS 
primer sets (Table I) to analyze the methylation status of the 
FSCN1 promoter and exon 1. BGS was performed in 40 cycles 
of 94˚C for 30 sec, 50˚C for 30 sec and 72˚C for 30 sec using 
HotStarTaq DNA Polymerase (Qiagen). The PCR products 
were cloned into pGEM®-T Easy Vector (Promega). At least 
three clones were randomly chosen and sequenced.

Results

The specific core promoter of human FSCN1 isolated from 
EC109 cells contained an essential GC box. To define the 
extension of the FSCN1 promoter in EC109 cells, a series of 
constructs was obtained by 5'-deletion experiments from 
pBF-2900 plasmid, and then analyzed with the Dual-Luciferase 

Reporter Assay System. Compared to pBF-2900, the activity 
of the deletion constructs from pBF-1848 to pBF-74 was gen-
erally >80%, while the 5'-deletion from -74 to -41 abolished 
most activity (Fig. 1A), suggesting that the -74/-41 region was 
the core promoter of the FSCN1 (the promoter region in EC109 
cells: accession number EU486847) in EC109 cells. The region 
of -100/+1, which is highly conserved in humans and mice, 
contains a TATA box, a GC box and a composite CRE/AP-1 
binding site (14). Internal deletion analysis was performed in 
the core promoter region to identify the regulatory elements. 
As shown in Fig. 1B, deletion of the -47/-44 segment (CRE/
AP-1 site) or the -47/-14 segment (CRE/AP-1 and TATA box) 
did not significantly alter reporter activity. However, reporter 
activity decreased significantly when the -107/-44 segment 
(GC box and CRE/AP-1 site) or the -107/-14 segment (GC box, 
CRE/AP-1 site and TATA box) was deleted, indicating that the 
GC box, rather than the TATA box, is essential for FSCN1 
transcription in EC109 cells.

Figure 1. Identification of the core promoter of human FSCN1 in EC109 cells. EC109 cells were transiently transfected with luciferase reporter constructs, 
and reporter activity was detected by dual-luciferase assay. (A) Localization of the transcriptional regulatory region of human FSCN1 by 5'-deletion analysis. 
(B) Identification of the regulatory element within the human FSCN1 core promoter. pBF-387 was modified by a small internal deletion. The regions of -47/-44 
(CREB/AP-1 site), -47/-14 (CREB/AP-1 and TATA box), -107/-44 (GC box and CREB/AP-1 site) and -107/-14 (GC box, CREB/AP-1 and TATA box) were 
deleted. The activity of the deletion constructs was relative to that of pBF-2900. pGL3-Basic vector (vector) served as a blank control. Each value represents the 
mean ± SD. Data are representative of at least two independent experiments. Transfections were carried out in triplicate for each experiment.

  A.

  B.
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No methylated sites in the FSCN1 promoter in ESCC. As 
described above, many CpG sites are present in the FSCN1 
promoter (Fig. 2A), suggesting that methylation may regulate 
the transcription of FSCN1. MSP and BGS experiments were 
used to analyze the methylation status of the FSCN1 promoter. 
Using MSP, methylated alleles were detected in the ESCC cell 
lines and in the SHEE immortalized esophageal epithelial cell 
line, as well as in 18 primary tumors and their corresponding 
normal tissues. However, in all samples mentioned above, only 
the unmethylated band was amplified (Fig. 2B and C; data from 
methylation reaction not shown). BGS analyses confirmed 
these results (Fig. 2D, E and F), suggesting that hypomethyla-
tion does not contribute to fascin up-regulation in ESCC.

Promoter activity was suppressed by an inhibitory element in 
exon 1/intron 1, but not by the methylation of exon 1. 
Bioinformatics analysis revealed that FSCN1 exon 1/intron 1 

was characterized by an unusually high GC content and 
contained two CpG islands, suggesting the presence of methy-
lated sites regulating promoter activity. To investigate this 
possibility, two reporter constructs with the FSCN1 2671-bp 
fragment containing exon 1 and part of intron 1 were generated 
by cloning into the downstream of the luciferase polyadenyla-
tion signal of the reporter plasmid pBF-74 and the pGLP vector 
(named pBF-74/Fi2671 and pP/Fi2671, respectively). These 
constructs were then transfected into EC109 cells, and reporter 
activity was measured. Of note, when EC109 cells were 
tested, a significant decrease in reporter activity was observed 
(Fig. 3A), suggesting that this cloned region may have a sup-
pressive function. Such a suppressor region might regulate the 
activities of the FSCN1 and SV40 promoters.

To evaluate whether methylation of this region regulated 
promoter activity, two segments (+237/+513 and +560/+859) in 
the region were analyzed by BGS (Fig. 2A). The results showed 

Figure 2. Hypomethylation of FSCN1 promoter in ESCC. (A) Schematic structure of the FSCN1 promoter and exon 1: exon 1, dark rectangle; CpG sites in 
the CpG island, short vertical lines; transcription start site and translation initiation site, curved arrows. The MSP and BGS regions are also indicated. (B) 
Representative MSP results for ESCC cells and immortalized SHEE cells. (C) Representative MSP results for ESCC primary tumors (T) and corresponding 
normal tissues (N). Only unmethylated bands were amplified in cells or tissues. U, unmethylated. (D,E and F) Representative high-resolution analysis of the 
methylation status of individual CpG sites in the FSCN1 promoter by BGS in cell lines and primary tumors. Each circle corresponds to a single CpG site. 
Methylated sites are indicated by filled dark circles and unmethylated sites by empty white ones. △, not tested. 

  A.

  B.

  D.

  E.

  F.

  C.
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that the region of +560/+859 (in exon 1) was hypermethylated 
in all samples, including the ESCC cell lines, an immortal-
ized SHEE cell line, and five primary tumors and their 
corresponding normal tissues (Fig. 3C and D); however, no 
methylation sites were found in the +237/+513 region (Fig. 3B). 
Further experiments to address whether methylation in exon 1 
could lead to suppression were performed with the luciferase 
reporter assay. Several reporter plasmids were constructed by 
inserting various parts of a 2671-bp fragment into the reporter 
plasmid pBF-74. After transfection, the EC109 cells were 
treated with 5-aza-dC, a specific demethylating agent, for 48 h 
to assess whether demethylation eliminated suppression. The 
reporter activity of the untreated group showed that the deletion 
from +639 to +2838 caused a moderate increase in activity 
compared to pBF-74/Fi2671, and that the deletion from +262 
to +2838 resulted in similar activity as the basal promoter (95% 
of the basal promoter), suggesting that this region may function 
as an inhibitory region. Unexpectedly, the treated cells showed 
almost the same level of luciferase activity for each construct 
as the untreated cells (Fig. 3E), indicating that the suppression 
was correlated with a silencer in exon 1/intron 1 rather than 
with localized methylation in exon 1.

Discussion 

Fascin is expressed at low levels or is absent in normal epithelia, 
but is up-regulated at translational and transcriptional levels in 
ESCC (12). Overexpression of fascin is an early event in tumor 
progression and is correlated with tumor invasion and poor 
prognosis in ESCC (11,12). Previous reports suggest that fascin 
may be a novel candidate biomarker or therapeutic target for 
ESCC (7). Thus, elucidation of the mechanisms underlying the 
regulated expression of fascin may provide important infor-
mation regarding its use as a potential marker or therapeutic 
target.

The present data suggest novel mechanisms underlying the 
regulation of FSCN1 transcription in ESCC. It was previously 
reported that, in DCs, the core promoter of FSCN1 contained 
a putative GC box, a composite CRE/AP-1 binding site and a 
TATA box. Internal deletion of the TATA box resulted in a 
significant reduction of reporter activity compared with the 
full-length promoter (14). Notably, this study shows that, in 
EC109 cells, the core promoter of FSCN1 was located upstream 
of the TATA box. When the TATA box and/or the CRE/AP-1 
binding site were deleted, the activity did not alter remarkably. 

Figure 3. Cis-regulatory element in FSCN1 exon 1/intron 1. (A) The effect of FSCN1 exon 1/intron on the activity of the FSCN1 core promoter and SV40 
promoter. (B) BGS analysis of 38 CpG sites in the region +237/+513 of FSCN1 in the cell lines. (C and D) BGS analysis of 41 CpG sites in the region +560/+829 
of FSCN1 in the cell lines, ESCC primary tumors (T) and corresponding normal tissues (N). (E) Analysis of FSCN1 exon 1/intron 1 activity in EC109 after 
treatment with 5-aza-dC. Each value represents the mean ± SD. Data are representative of at least two independent experiments. Transfections were carried out 
in triplicate for each experiment. △, not tested. 

  A.

  C.   D.

  E.

  B.
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However, the deletion of the GC box affected promoter activity 
severely. This indicates that the GC box, rather than the TATA 
box, was essential for FSCN1 transcription in EC109 cells 
(Fig. 1B). Thus, the FSCN1 transcription regulatory mecha-
nism in EC109 cells may be distinguished from that in DCs. 
High expression of fascin in carcinoma cells and in DCs may 
be mediated by different signaling pathways, resulting in 
tissue-specific cis-acting elements of the promoter. The GC 
box is recognized by members of the Sp/XKLF family (Sp1, 
Sp3, Sp4, TIEG2 and BTEB1) (20). As transcription factors, 
the Sp family is characterized by the highly conserved 
Cys2His2 zinc-finger DNA binding domain at the C-termini, 
and all members of the Sp protein family belong to the 
Kruppel-like zinc-finger superfamily (21-23). Among the Sp 
family, Sp1 is widely expressed in different tissues and can 
bind to GC box motifs in promoters. Phosphorylation of Sp1 
by many kinases can result in functional changes, such as 
altered DNA binding and/or promoter activation (24). Further 
studies are required to elucidate the relationship between 
FSCN1 transcription and Sp1 function.

Decreased methylation levels of oncogenes are common in 
human tumors (15). Several studies have revealed that there 
is a good inverse correlation between methylation and gene 
expression. Overexpression of P450 1B1 was regulated by 
hypomethylation in prostate cancer (25), while P-cadherin 
mRNA expression in invasive breast carcinomas was associated 
with the hypomethylation of the CDH3 promoter (26). These 
reports suggest that the hypomethylation of specific oncogene 
promoters may play an important role in tumorigenesis. 
Bioinformatics analysis revealed that the FSCN1 promoter 
was highly GC-rich and contained a potential CpG island. 
However, the data in this study showed that the CpG sites 
within the FSCN1 promoter were unmethylated in normal and 
tumor cells or tissues. These results suggest that hypomethyla-
tion of the promoter is not involved in fascin overexpression in 
ESCC. In short, overexpression of fascin in ESCC may result 
from the transactivation of a transcriptional factor, but not 
from its hypomethylation.

Cis-acting enhancer/suppressor elements are frequently 
located within exons and introns and regulate promoter 
activity. The exon 1/intron 1 of FSCN1 is characterized by an 
unusually high GC content, and contains two CpG islands. The 
results of this study revealed that FSCN1 exon 1/intron 1 may 
function as a silencer. BGS analysis indicated that the region 
of +560/+859 (in exon 1) was hypermethylated in an immortal-
ized SHEE cell line, two ESCC cell lines and five primary 
tumors with their corresponding normal tissues, suggesting 
that the inhibition may be caused by the hypermethylation 
within exon  1. Recent reports suggested that hypermethyla-
tion in an exon/intron to influenced promoter activity in other 
genes. Hypermethylation of IGFBBP7 within exon 1 was 
closely related to the absence of its expression in colon cancer 
(27). Aberrant vimentin exon 1 methylation was correlated with 
vimentin gene overexpression in colon cancer (28). Methylation 
within exons of the BCSG1 gene could silence its expression 
in breast tissue (29). Methylation at CpG islands in intron 1 
of EGR2 conferred enhancer-like activity (30). Unexpectedly, 
our further demethylation experiments did not support this 
hypothesis, since demethylation did not eliminate the suppres-
sion of FSCN1 exon 1/intron 1. Therefore, the suppression may 

be mediated by an unknown silencer, but not by the methyla-
tion at CpG islands within exon 1. Nonetheless, this suppressor 
region could not inhibit promoter activity completely. Once a 
strong signaling pathway is activated, the promoter can disrupt 
suppression, thereby allowing FSCN1 to be transcribed. Thus, 
it is more significant to identify the activated signaling pathway 
and the transcription factor in ESCC.

In conclusion, the FSCN1 core promoter is located in the 
-74/-40 region and the GC box is essential for FSCN1 tran-
scription in EC109 cells. Overexpression of fascin in ESCC 
is regulated by transactivation of the promoter, but not its 
hypomethylation. The inhibitory element in exon 1/intron 1 
may suppress the promoter activity to an extent, but not com-
pletely.
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