
Abstract. Serum response factor (SRF) is a transcription
factor that controls cell growth, differentiation, and tumor
progression as well as muscle development and function.
Reduced expression of cell adhesion molecules has been
reported to be associated with tumor metastasis. The aim of
this study was to evaluate the expression and a role of SRF in
liver metastasis of primary colorectal carcinomas. We
examined the expression of SRF, E-cadherin, and ß-catenin
by the use of immunochemical staining in 43 cases as a set of
primary colorectal carcinomas and liver metastases. We also
examined the role of SRF in colorectal carcinoma by over-
expression of SRF in a colon cancer cell line. In metastatic
carcinoma surgical samples, there was a marked increased
expression of SRF as compared to expression in primary
colorectal carcinoma surgical samples (P<0.05). E-cadherin
expression was significantly decreased in metastatic liver
carcinoma samples as compared to primary colorectal
carcinoma samples (P<0.001). Frequent nuclear trans-
location of ß-catenin protein in primary and metastatic
carcinoma cells was observed. Overexpression of SRF in
SW480 cells resulted in a decreased expression of E-cadherin
and an increased expression of non-phosphorylated nuclear
ß-catenin. Overexpression of SRF in colorectal carcinoma
cells enhanced cell motility and invasiveness. These results
indicate that overexpression of SRF in colorectal carcinoma
cells is associated with modulation of E-cadherin/ß-catenin
expression and may play an important role in colorectal
cancer metastasis.

Introduction

Colorectal cancer (CRC) is one of the most common
malignant neoplasms worldwide with an estimated 153,000

new cases and 52,000 deaths each year in the USA (1). Despite
recent advances in diagnostic and therapeutic measures, the
prognosis of CRC patients with a distant metastasis remains
poor. Among CRC patients, ~30% had a liver metastasis
during the 5 years following diagnosis (14.5% of the patients
had a synchronous event and14.5% of the patients had a
metachronous event), with liver metastasis the major cause
of therapeutic failure in CRC patients (2). Therefore, it is
necessary to clarify the molecular mechanism(s) involved in
liver metastasis and to identify the specific tumor metastasis-
associated genes or proteins responsible for CRC metastasis.

Deterioration of cell-cell and cell-extracellular matrix
(ECM) adhesions is often observed in tumor cells, which
may be associated with invasion of cells into the surrounding
tissues and blood vessels and causing metastatic spread (3).
Epithelial cadherin (E-cadherin) is thought to mediate cell-
cell adhesion and the protein plays a critical role in cancer
invasion and metastasis (3,4). The intracellular domain of
E-cadherin is found in a complex with other submem-
braneous cytosolic proteins such as ·-catenin and ß-catenin,
and these catenins mediate the connection of E-cadherin to
actin filaments (5). Altered expression of the E-cadherin/ß-
catenin complex is found associated with de-differentiation,
invasion, and metastasis of CRCs (6-8). ß-catenin binds to
the protein expressed by the adenomatous polyposis coli
(APC) tumor suppressor gene, and disruption of this
complex is a crucial step in colorectal carcinogenesis (9,10).
Mutations in APC and ß-catenin genes induce cytoplasmic
or nuclear expression of ß-catenin (11). Cytoplasmic or
nuclear expression of ß-catenin has been shown to have an
important role in colorectal carcinogenesis, invasion, and
metastasis (6,11,12).

Serum response factor (SRF) is a transcription factor of
the MADS box family (13,14). To date, DNA binding sites
for SRF [serum response elements (SREs)] have been found
in the promoters of ~50 different genes, including immediate
early genes like c-fos and Egr-1 and muscle-specific genes
(15-17). Studies have also shown that SRF is involved in
various cellular processes such as expression of immediate
early and tissue-specific genes, cell proliferation,
differentiation, and apoptosis (18-22). A recent study has
demonstrated that SRF plays a role in tumor progression,
specifically in the mesenchymal transition of epithelial tumor
cells (23). We have also reported that expression of SRF is
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correlated with tumor cell de-differentiation and enhances
cell motility and invasiveness in hepatocellular carcinoma
(HCC) cells (24). However, expression of SRF in CRC and
its role on the possible modulation of the E-cadherin/ß-catenin
complex have not been investigated.

In the present study, we examined i) expression of SRF,
E-cadherin and ß-catenin in primary CRC and the
corresponding metastatic CRC surgical specimens. ii) We
examined if overexpression of SRF in a colon cancer cell line
can alter expression of the E-cadherin/ß-catenin complex. iii)
We also examined the role of SRF in migration and invasion
of colon cancer cells.

Materials and methods

Patients and specimens. This study was approved by the
Human Ethics Committee of Chonbuk National University
Medical School. Forty-three cases of CRC with liver meta-
stasis were evaluated from data of the surgical pathology
medical records of the Department of Pathology at
Chonbuk National University Hospital. The inclusion
criteria were a histopathological diagnosis of an invasive
CRC with paired metastatic tumors in the liver, the
availability of clinical data, and the availability of paraffin-
embedded tissue specimens. All of the patients had
undergone surgery and did not receive either chemotherapy
or radiotherapy before surgical resection. CRC specimens
were reviewed using morphological criteria according to
the WHO classification of CRC. Table I shows the main
characteristics of the primary tumors. Twenty-three patients
were diagnosed with a lymph node metastasis, and 29
patients were diagnosed with a synchronous liver metastasis.

Colon cancer cell lines. The human colon cancer cell lines
SW480 and LoVo were purchased from the Korean Cell
Line Bank (Seoul, Korea). The SW480 and LoVo cell lines
were cultured according to the recommendations of the cell
banks.

Immunohistochemical analysis. For immunohistochemical
staining of tissue samples, the Dako Envision system, which
uses dextran polymers conjugated with horseradish
peroxidase (Dako, Carpinteria, CA, USA), was performed as
described previously (24). The sections were incubated for
2 h at room temperature with anti-SRF (1:100, Santa Cruz
Biotechnology, Santa Cruz, CA, USA), anti-E-cadherin and
anti-ß-catenin (1:100, BD Biosciences, San Jose, CA, USA).
Peroxidase activity was detected with the enzyme substrate
3-amino-9-ethyl carbazole. For negative control samples, the
sections were treated the same way except that they were
incubated with Tris-buffered saline without the use of a
primary antibody.

Interpretation of SRF, ß-catenin, and E-cadherin immuno-
reactivity. Two independent pathologists who had no
knowledge of the histopathological data scored expression of
SRF, ß-catenin, and E-cadherin in the primary tumors and
metastatic foci, and a high level of concordance (95%) was
achieved. The samples that were subjected to immunostaining
with antibodies were rated according to a score calculated by

multiplying the intensity of the stain to the area of the stain.
The intensity of cell staining was graded according to the
following scale: 0, no staining; 1+, mild staining; 2+,
moderate staining; 3+ strong staining. The area of staining
was evaluated using the following scale: 0, <10% of the cells
stained positive; 1+, 10-30% of the cells stained positive; 2+,
31-70% of the cells stained positive; 3+, >71% of the cells
stained positive. The maximum combined score was 9 and
the minimum score was zero. Membranous E-cadherin and
ß-catenin were assessed. Nuclear or cytoplasmic signals of
ß-catenin were also evaluated independently. Clear nuclear
SRF staining in more than 10% of the tumor cells was
defined as SRF positive.

Transfection of SRF complementary DNA. Human SRF
complementary DNA (cDNA) (accession number: J03161)
was cloned into pcDNA3 (Invitrogen, Carlsbad, CA, USA).
The same plasmid without an SRF insert was used as a
control vector. All plasmids were amplified in DH5·
Escherichia coli competent cells (Invitrogen) and were
purified using an endo-free plasmid mega-prep kit (Qiagen,
Valencia, CA, USA). Transient transfection of SW480 cells
with human SRF or vector cDNA was performed using
LipofectAmin (Gibco BRL, Gaithersburg, MD, USA).
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Table I. Clinicopathological characteristics.
–––––––––––––––––––––––––––––––––––––––––––––––––

Number of patients (%),
n=43

–––––––––––––––––––––––––––––––––––––––––––––––––
Age (yrs.)
(mean ± SE) 61.9±1.6 (range, 35-84)

Gender
Male 26 (60.5)
Female 17 (39.5)

Tumor location
Ascending 10 (23.3)
Transverse 2 (4.7)
Descending 3 (7.0)
Recto-sigmoid 28 (65.1)

Differentiation
Well 2 (4.7)
Moderate 38 (88.4)
Poorly 2 (4.7)
Mucinous 1 (2.3)

Lymph node metastasis
Absent 19 (44.2)
Present 23 (53.5)
No biopsy 1 (2.3)

Depth of invasion
Muscle 1 (2.3)
Subserosa 38 (88.4)
Serosa 4 (9.3)

–––––––––––––––––––––––––––––––––––––––––––––––––
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Western blots. Cells were homogenized in a lysis buffer
(50 mM Tris, pH 7.5, 150 mM NaCl, 0.5% Nonidet P-40)
containing 1 mM phenylmethylsulfonyl fluoride, 2 μg/ml
leupeptin, 2 μg/ml aprotinin, 5 mM sodium fluoride, and 1 mM
sodium orthovanadate. The cell lysates were subjected to
Western blotting as described previously (24). Since SRF is
known to regulate expression of genes such as c-Fos and
Egr-1, the expression levels of c-Fos and SRF were
evaluated in an SRF-transfected SW480 cell line. To
examine the effect of SRF overexpression on E-cadherin
and ß-catenin expression in HCC cells, antibodies against
E-cadherin, ß-catenin and dephospho-ß-catenin (Upstate,
Millipore, Lake Placid, NY, USA) were used as probes in
SRF-transfected cells. Bound antibody signals were
visualized by the use of a chemiluminescence system
(Amersham Life Sciences, Arlington Heights, IL, USA).
The membranes were stripped and reprobed with a
monoclonal anti-ß-actin antibody (Sigma, St. Louis, MO,
USA) to normalize for protein loading. Quantification of
the data was performed using ImageQuant software

(Molecular Dynamics, Piscataway, NJ, USA). Each signal
was normalized against the corresponding ß-actin signal.

In vitro assays of cell migration and invasion. The cell
migration assay was performed using Transwell chambers as
described previously (24). SW480 cells transfected with
either the SRF expression plasmid or the control vector
plasmid were serum starved for 48 h. Transwell chambers
equipped with 8 μm Matrigel-coated filters (24-well format)
(Becton Dickinson, Franklin Lakes, NJ, USA) were
rehydrated, and 4x104 cells in 400 μl of serum free DMEM
were seeded in the upper chamber. DMEM containing 2 or
5% fetal bovine serum (FBS) was used in the lower
chamber. After incubation for 12-22 h at 37˚C, cells on the
upper surface of the filter were mechanically removed with a
cotton swab. The filters were fixed and stained using a Diff-
Quick staining kit (Dade Behring, Newark, DE, USA). The
cells on the lower surface of filters were counted under a
light microscope at magnification, x100 in five randomly
selected fields per well. The migration assay was also
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Figure 1. Representative sections of molecular expression. (A) A primary tumor sample showed no immunoreactivity for serum response factor (SRF). (B)
Strong nuclear expression of SRF in a liver metastasis sample. (C) Membranous expression of E-cadherin in a primary colorectal carcinoma (CRC). (D) Loss
of E-cadherin expression in a liver metastasis. (E) Membranous expression of ß-catenin in a primary colorectal carcinoma. (F) Nuclear expression of ß-catenin
in a liver metastasis.
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performed with Transwell chambers where the filters were
not coated with Matrigel using the same procedure.

Statistical analysis. Data are expressed as means ± SE. The
differences in the numerical data between primary CRC and
metastatic foci were evaluated by use of the Mann-Whitney
U test. Comparisons between groups were performed using
the Student's t-test for the migration and invasion assays. A
P-value <0.05 was considered as statistically significant.

Results

Expression of SRF, E-cadherin, and ß-catenin in primary
CRC. We initially assessed the expressions of SRF, E-cadherin,
and ß-catenin in cancer cells and adjacent normal epithelial
cells of the same patient. SRF was not detected in normal
epithelial cells whereas nuclear expression of SRF was
detected in 16 (37%) out of 43 tumor samples examined.
Normal epithelial cells always strongly expressed E-
cadherin and ß-catenin at the basolateral cell membrane, and

no cytoplasmic or nuclear staining was detectable (Fig. 1).
In primary CRC samples, nuclear translocation of ß-catenin
was detected in 24 (56%) tumors, and loss of membranous
expression of E-cadherin was detected in 6 (14%) tumors.
The results are summarized in Table II.
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Table III. Immunohistochemical analysis of the expression of
SRF and E-cadherin in primary and metastatic colorectal
carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––

Immunohistochemical scoring
(mean ± SE)

––––––––––––––––––––––––––
SRF E-cadherin

––––––––––––––––––––––––––––––––––––––––––––––––––––––
Primary colorectal carcinoma 1.51±0.41 6.47±0.48
Liver metastasis 2.98±0.53 4.0±0.47
P-value 0.033 <0.001
––––––––––––––––––––––––––––––––––––––––––––––––––––––
Statistical analysis performed by use of the Mann-Whitney U test.
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. Western blot analysis. Enhanced expression of SRF, c-Fos, and
non-phospho, nuclear ß-catenin in SW480 cells transfected with the SRF
gene. Overexpression of SRF resulted in a decrease in the expression level
of E-cadherin as compared to the expression level determined in control
cells.

Table II. Expression patterns of serum response factor (SRF),
E-cadherin, and ß-catenin in primary and metastatic
colorectal carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––

Primary tumor Liver metastasis
(%) (%)

––––––––––––––––––––––––––––––––––––––––––––––––––––––

SRF

Nuclear 16 (37) 26 (60)

Negative 27 (63) 17 (40)

E-cadherin

Membrane 37 (86) 26 (60)

Cytoplasm and/or nucleus 1 (2) 3 (7)

Negative 5 (12) 14  (33)

ß-catenin

Cytoplasm and/or nucleus 24 (56) 20 (47)

Cytoplasm only 4 (9) 3 (7)

Cytoplasm and/or membrane 9 (21) 12 (28)

Negative 6 (14) 8 (18)
––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table IV. Comparison of the immunoreactive scores of SRF,
E-cadherin, and ß-catenin Between primary colorectal
carcinoma and liver metastasis.
–––––––––––––––––––––––––––––––––––––––––––––––––
Immunoreactive score No. of cases
–––––––––––––––––––––––––––––––––––––––––––––––––
SRF
Primary carcinoma > Liver metastasis 4
Primary carcinoma = Liver metastasis 7
Primary carcinoma < Liver metastasis 16

E-cadherin
Primary carcinoma > Liver metastasis 27
Primary carcinoma = Liver metastasis 3
Primary carcinoma < Liver metastasis 12

ß-catenin
Membrane staining

Primary carcinoma 7
Liver metastasis 3

Nuclear and/or cytoplasmic translocation
Primary carcinoma 30
Liver metastasis 32

–––––––––––––––––––––––––––––––––––––––––––––––––
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Expression of SRF, E-cadherin, and ß-catenin in metastatic
foci. In metastatic CRC lesions, high nuclear expression of
SRF in tumor cells was detected in 26 (60%) samples. Loss
of membranous E-cadherin expression was observed in 14
(33%) tumor samples (Table II). The mean scores for
immunohistochemical staining of SRF and E-cadherin from
43 metastatic liver samples were significantly different from
the scores for samples from primary tumors (Table III). The
expression level of SRF in the metastatic liver samples
increased in 16 (37%) tumors while expression levels of E-
cadherin in the metastatic liver samples decreased in 27
(63%) tumors (Table IV). However, the spatial expression of
ß-catenin from metastatic livers was not significantly different
from that of the primary tumors.

SRF expression in CRC cell lines. To verify the above
observations that SRF is expressed in CRC cells, we
examined SRF expression levels in the SW480 and LoVo
cell lines. Although SRF was expressed in the two cell lines,
expression levels were very low.

Overexpression of SRF modulates expression of E-cadherin
and ß-catenin. We analyzed the expression levels of SRF
and an SRF target gene, c-Fos, in the SRF-transfected SW480
cells by the use of Western blotting. In SRF-transfected
SW480 cells, expression levels of SRF and c-Fos increased
by 3.5-fold and 1.5-fold, respectively (Fig. 2). Overexpression
of SRF in SW480 cells resulted in a 2.3-fold decreased

expression level of E-cadherin. Overexpression of SRF did
not alter the total expression level of ß-catenin (Fig. 2).
However, expression of dephospho-ß-catenin, which
recognizes activated nuclear ß-catenin (25), increased by
1.4-fold.

SRF increases HCC cell migration and invasion. To
determine the role of SRF in SW400 cell migration and
invasion, we performed a cell migration and invasion assay.
Overexpression of SRF in SW400 cells increased cell
migration by 2.5-fold as compared to migration in a control
cell line (Fig. 3A). Overexpression of SRF also increased cell
invasion by 1.7-fold as compared to migration in a control
cell line (Fig. 3B).

Discussion

SRF is a widely expressed transcription factor that plays an
important role in cellular differentiation and cell cycle
regulation (15-22). However, the role of SRF in cancer is
not well understood. This study has demonstrated for the
first time the following findings. i) Increased expression of
SRF in liver metastasis was seen as compared to expression
in primary CRC. ii) Loss of membranous E-cadherin and
accumulation of nuclear ß-catenin was associated with liver
metastasis of CRC. iii) Overexpression of SRF in CRC cells
was associated with decreased expression of E-cadherin but
an increased level of nuclear (dephospho-) ß-catenin. iv) Over-
expression of SRF in CRC cells promotes cell migration
and invasion. These findings show that overexpression of
SRF in CRC cells plays a crucial role in tumor progression
and liver metastasis of CRC. Our study also provided
evidence that overexpression of SRF enhances cell motility
and invasiveness of CRC cells through the modulation of
the E-cadherin/ß-catenin complex. These observations are
in agreement with a previous study demonstrating that SRF
has an important role in tumor progression, specifically for
the transition to the invasive metastatic stage of carcino-
genesis (23). Furthermore, overexpression of SRF in
hepatocellular carcinoma cells accelerates migration and
invasion with subsequent acquisition of a mesenchymal
phenotype by expression of a mesenchymal marker,
vimentin, and activation of immediate early genes (24).
Phiel et al have shown that the nuclear accessibility of SRF
is different in smooth muscle vs. smooth muscle cells
undergoing neoplastic transformation (26). SRF is highly
expressed in pulmonary lymphangioleiomyomatosis (LAM)
cells and the high SRF level in LAM may contribute to
extracellular matrix degradation and progressive LAN cell
infiltration of the lung (27). SRF is a nuclear repressor of
TGF-ß signaling and suppresses TGF-ß-induced cell growth
inhibitory activity by blocking the transcriptional activity of
the Smad complex (28). SRF also is an important
determinant of androgen receptor action in prostatic cancer
cells and loss of SRF suppresses proliferation of prostatic
cancer cells (29). Our findings, together with the findings in
previous studies, suggest a potential role of SRF in cancer
cell growth and metastasis.

Emerging evidence suggests that altered expression of
the E-cadherin/ß-catenin complex is associated with de-
differentiation, invasion, and metastasis, and therefore
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Figure 3. In vitro cell migration and invasion assay. (A) In the SRF-
transfected SW480 cells, cell migration was increased by 2.5-fold when
compared with those of control. (B) SRF-transfected SW480 cell invasion
was increased by 1.7-fold when compared with those of control. The
experiment was independently repeated 3 times (p<0.01).
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expression of the complex is suggested as a potential
prognostic factor in CRC (6-8,11,12). In the present study,
loss of membranous E-cadherin and frequent accumulation of
nuclear ß-catenin are associated with liver metastasis of
CRC. These findings are consistent with previous reports
indicating that nuclear staining for ß-catenin and loss of
membranous E-cadherin have important roles in CRC
invasion and metastasis (6,7,30,31). However, this issue
remains somewhat controversial. Roca et al have reported
that ß-catenin expression or accumulation in the nucleus did
not correlate with survival of CRC patients (32). Another
study has shown increased expression of the E-cadherin/ß-
catenin complex in metastatic lymph nodes and in liver
tumors as compared with the expression of the complex in
primary CRC tumors (8). Bongiorono et al have reported that
tumor cells lost E-cadherin transiently to metastasize, E-
cadherin is then re-expressed at a distant metastatic site in
esophageal and lung cancer (33). These findings suggest that
increased expression of adhesion molecules in tumor cells
after release from the primary site may be important and
perhaps necessary for tumor cells to adhere in remote organs
(8). The differential expression pattern and biological
significance of the E-cadherin/catenin complex in primary
CRC and metastatic lesions remains largely unknown, the
role of the complex and should be investigated.

In this study, we also found that overexpression of SRF
in CRC cells decreased expression of E-cadherin and
increased nuclear (dephospho-) ß-catenin expression.
Furthermore, overexpression of SRF in CRC promoted cell
migration and invasion in vitro. Our findings suggest that
SRF over-expression could induce epithelial mesenchymal
transition via down-regulation of E-cadherin with
accumulation of nuclear ß-catenin, contributing to the
invasive and metastatic potential of CRC. The association
between SRF overexpression and increased nuclear
translocation of ß-catenin found in our study may be of
importance as ß-catenin signaling is strongly linked to
colorectal carcinogenesis (9-11). ß-catenin is involved in the
Wnt signaling pathway, activating the transcription of
crucial target genes responsible for cellular proliferation and
differentiation (9-11,34). An association between SRF
expression and alteration of the E-cadherin/ß-catenin
complex in human cancer, to the best of our knowledge, has
not been reported previously. The mechanism(s) by which
SRF induces the accumulation of ß-catenin in the nucleus is
not clearly understood. However, accumulation of ß-catenin
in the nucleus induced by SRF may promote an association
with TCF/LEF transcription factors and affect the
transcription of proteins such as cyclin D1 and c-myc that
are regulated by ß-catenin (9,11,34). ß-catenin also controls
E-cadherin-mediated cell adhesion at the plasma membrane
and mediates the interplay of adherence junction molecules
with the actin cytoskeleton (5,34). Down-regulation of E-
cadherin with accumulation of nuclear ß-catenin of human
CRC induced by overexpression of SRF as demonstrated in
this study leads to the loss of cell-cell adhesion and to
increased transcription of Wnt target genes and is closely
correlated with colon cancer progression (34,35).

In conclusion, this study indicates that increased
expression of SRF and loss of membranous E-cadherin are

closely associated with liver metastasis of CRC. Furthermore,
SRF appears to modulate E-cadherin/ß-catenin expression in
CRC cells, which may enhance cell motility and invasiveness
of CRC cells.
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