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Expression and potential correlation among Forkhead box
protein M1, Caveolin-1 and E-cadherin in colorectal cancer
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Abstract. The aim of the present study was to investigate
the expression and functions of Forkhead box protein M1
(FoxM1), Caveolin-1 (Cav-1) and E-cadherin in colorectal
cancer (CRC), and to determine the correlations among
these proteins in CRC development and progression. The
protein expression of FoxMI, Cav-1 and E-cadherin was
identified using a human CRC and normal tissue microarray.
A standard immunohistochemistry assay was performed
employing anti-FoxM]1, anti-Cav-1 and anti-E-cadherin
antibodies. The clinicopathological significance of FoxM1,
Cav-1 and E-cadherin in CRC was determined, and correla-
tions were investigated between FoxM1 and Cav-1, FoxM1
and E-cadherin, Cav-1 and E-cadherin, respectively. The level
of FoxM1, Cav-1 and E-Cadherin protein expression in CRC
was found to be associated with pathological grade, tumor
clinical stages and the presence of metastasis, respectively.
Elevated expression of FoxM1 and Cav-1 was observed in the
CRC tissues, and a significant correlation was found between
the two proteins in CRC. However, it was also observed that
FoxM1 was overexpressed while E-cadherin expression was
low, indicating that there was a negative correlation between
FoxM1 expression and E-cadherin expression. Moreover,
there was also a negative correlation between Cav-1 and
E-cadherin expression. Overall, the elevated expression of
FoxM1 and Cav-1 in a human CRC microarray provided
novel clinical evidence to elucidate the fact that they may play
a critical role in the development and progression of CRC by
negatively regulating E-cadherin expression. Furthermore,
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the positive correlation between FoxM1 and Cav-1 suggested
that the proteins may constitute a novel signaling pathway in
human CRC.

Introduction

As a pervasive cancer worldwide, colorectal cancer (CRC)
is the third most commonly diagnosed cancer and the fourth
major cause of cancer-associated mortality, with an estimated
1.2 million new cancer cases and >600,000 mortalities annu-
ally (1). CRC in China ranks among the 10 leading cancers
in terms of incidence, with an occurrence rate ranking sixth
in humans. In 2010, there were 132,110 recorded mortali-
ties due to CRC, with mortality in men and women ranking
fifth and sixth among all cancers, respectively (2). Despite
improvements in surgical techniques, adjuvant chemotherapy
and neoadjuvant radiotherapy, the prognosis of advanced CRC
remains unsatisfactory, with a 5-year relative survival rate
of only 10% in stage IV patients (3). Therefore, there is an
essential requirement for a n improved understanding of the
biological features and pathogenesis of CRC, which will be
useful in the investigation of novel treatments and prognostic
markers for this disease.

Forkhead box protein M1 (FoxM1), previously known
as MPP-2, FKHL-16 or Trident, belongs to the abundant
family of forkhead transcription factors, characterized by an
evolutionary conserved winged helix DNA-binding domain
termed Forkhead box (4). It has been acknowledged that
the expression of FoxMI is associated with proliferating
cells, with levels particularly increasing at the entry to the
S-phase of the cell cycle and reaching a peak during the G2
and M phases, but that it is absent in quiescent and termi-
nally-differentiated cells (5). Furthermore, it is ubiquitously
reported that FoxM1 plays a critical role in tumorigenesis,
including angiogenesis, invasion and metastasis, and that
the elevated expression levels of FoxM1 contribute to a poor
prognosis and metastasis in diverse tumors (5). Emerging
data has shown that FoxM1 is overexpressed in solid
tumors of the bladder, prostate, lungs, ovaries, breasts, liver,
kidneys, stomach, pancreas and colon (6). Furthermore, it
is not unexpected that the decreased expression of FoxM1
when using FoxM1 short hairpin RNA leads to the reduc-
tion of cell proliferation, migration and invasion in human
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tumor cell lines (7). Specifically, the expression of FoxM1 is
significantly observed in samples from colon cancer patients
compared with lower expression in corresponding adjacent
normal tissues. Moreover, the enforced expression level of
FoxM1 drastically promotes the proliferation, development
and growth of colon tumors in FoxM1 transgenic mice (8).
Nevertheless, the underlying molecular regulatory mecha-
nisms of FoxM1 in the promotion of CRC remain unclear,
and the roles of FoxM1 in the process of CRC development
and progression remain to be elucidated.

Caveolin-1 (Cav-1), a principal structural component
of caveolae and a 21- to 24-kDa integral membrane protein
acting as a scaffolding protein, is implicated in various cellular
events by interacting with diverse molecular complexes, and
it may play an irreplaceable role in the transformation and
tumorigenesis of cells (9). Notably, Cav-1 is defined with an
ambiguous role in cancer. The wealth of data available indi-
cate that the role of Cav-1 as a tumor suppressor or promoter
is dependent on the type of tissue; for example, Cav-1 acts as
a tumor suppressor in lung cancer, ovarian carcinoma and
sarcomas, whereas it act as a tumor promoter in prostate
cancer and esophageal squamous cell carcinomas (10). Based
on previous studies, compared with the increased expression
of Cav-1 in normal gastric tissues, there is a lower expression
of Cav-1 in paired gastric adenocarcinoma tissues; the results
obtained in gastric carcinoma cell lines are also consistent
with these observations, supporting the fact that Cav-1 may
be a tumor suppressor in gastric cancer (11). With respect to
the expression of Cav-1 in colon cancer, controversy remains.
One previous study stated that the expression level of Cav-1
is decreased in human colon cancer, contributing greatly to
cellular migration and invasiveness (12). By contrast, other
emerging evidence supports the overexpression of Cav-1 in
colon cancer in comparison with normal colon tissues (13).
Considering all the aforementioned evidence, it is necessary
and essential for the expression and role of Cav-1 to be deter-
mined in CRC.

E-cadherin, a single-span transmembrane glycoprotein, is
indispensable for the function of epithelial adherens junctions
through its interactions with adjacent E-cadherin molecules
secreted by contiguous cells (14). It has been widely illustrated
in different assays that the decreased expression of E-cadherin
is implicated in various tumors, such as pancreatic cancer,
non-small cell lung cancer and CRC, by acting in the process of
epithelial-mesenchymal transition (EMT) (15-17). Kong et al
verified that the elevated expression of FoxM1 led to the loss
expression of E-cadherin, which was significantly critical to
the acquisition of EMT in non-small cell lung cancer (16). As
alluded to previously,emerging clinical evidence shows that the
downregulation of E-cadherin level is correlated with a poor
prognosis of CRC via acquisition of an EMT phenotype (17).
However, the underlying precise regulating mechanisms of
E-cadherin remain unknown.

Based on the published literature, although a diverse array
of studies can be found on FoxM1, Cav-1 and E-cadherin,
respectively, there are no studies concerning the associations
among these proteins in CRC. The aim of the present study
was to determine the clinicopathological features of FoxMI1,
Cav-1 and E-cadherin in CRC, and to investigate the potential
associations among these proteins.
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Materials and methods

Human tissue samples. The expression of FoxM1, Cav-1 and
E-cadherin in CRC was analyzed employing a human CRC
and normal tissue microarray (US Biomax Inc., Rockville,
MD, USA). The tissue microarray contained 30 samples of
CRC, 8 samples of normal tissues, 2 samples of lung metas-
tases derived from CRC, 5 samples of lymph node metastases
derived from CRC and 3 samples of ovary metastases derived
from CRC. Each sample had 2 cores from the same specimen.
The specimens were obtained from 17 men and 13 women.
The tumor stage (tumor-node-metastasis classification) for
the CRC was stage II for 7 samples, stage 111 for 17 samples
and stage IV for 6 samples (18). The differentiation for the
CRC was poorly-differentiated for 1 specimen, moder-
ately-differentiated for 18 specimens and well-differentiated
for 8 specimens (the remaining 3 specimens were of mucinous
carcinoma). The use of the tissue samples was approved by
the Institutional Review Board of Shanghai Jiaotong Univer-
sity Affiliated First People's Hospital (Shanghai, China).
The patients' clinical information for the tissue microarray,
including gender, age, pathological diagnosis, clinical stage,
histological grade and metastasis, was provided by US Biomax.

Tissue immunohistochemistry. Standard immunohisto-
chemical procedures were applied using anti-FoxM1 rabbit
polyclonal antibody (1:100 dilution; catalog no. sc-500; Santa
Cruz Biotechnology Inc., Dallas, TX, USA), anti-Cav-1
mouse monoclonal antibody (1:200 dilution; catalog
no. 610406; BD Biosciences, Franklin Lakes, NJ, USA) and
anti-E-cadherin mouse monoclonal antibody (1:200 dilution;
catalog no. 610182; BD Biosciences). First, the 4-um slices were
dried in an incubator at 60°C, then dewaxed in xylene, washed
twice for 10 min each and rehydrated using a gradient from
100, 95, 85, 75 and 50% ethanol to pure distilled water with
5-min washes, respectively. Antigen retrieval was performed
by heating the slides dipped in 10 mM sodium citrate (pH 6.0)
at 95°C for 30 min. Endogenous peroxidase activity was
blocked by use of 3% hydrogen peroxide for 10 min at room
temperature. The sections were incubated with 10% normal
goat serum diluted with phosphate-buffered saline for ~30 min
at room temperature. The slides were then incubated with
the anti-FoxM1, anti-Cav-1 and anti-E-cadherin antibodies,
respectively, at 4°C overnight. The specimens were later
incubated with peroxidase-conjugated antibodies at normal
room temperature for 1 h. The secondary antibody used for
FoxM1 was peroxidase-conjugated Affinipure goat anti-
rabbit immunoglobulin (Ig)G(H+L) (1:500 dilution; catalog
no. SA00001-2). The secondary antibody used for Cav-1
and E-cadherin was peroxidase-conjugated Affinipure goat
anti-mouse IgG(H+L) (1:500 dilution; catalog no. SA00001-1);
All secondary antibodies were purified from antisera by
immunoaffinity chromatography using antigens coupled to
agarose beads. The slides were stained with diaminobenzidine
and then counterstained with Mayer's hematoxylin. The tissue
sections were dehydrated using 5-min washes with 50, 75, 85,
95 and 100% ethanol, respectively, and then washed twice with
xylene for 10 min each. The slides were finally mounted with
coverslips and assessed by microscopic examination (Axio
Scope.Al; Zeiss AG, Oberkochen, Germany).
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Figure 1. Expression of FoxM1, Cav-1 and E-cadherin in CRC specimens and normal tissues as detected by immunohistochemistry. (A) Representative images
of FoxM1 protein expression in CRC tissues and surrounding normal tissues are shown (magnification, x100 and x200). The negative immunostaining of
FoxML1 is displayed in the majority of the adjacent normal colorectal tissue cells, whereas the immunostaining of FoxM1 in the CRC tissues cells is strongly
positive. (B) Cav-1 expression shown by immunohistochemical staining utilizing Cav-1 antibody (magnification, x100 and x200). The expression of Cav-1 in
normal colorectal tissue cells is negative, however, the majority of areas of the CRC tissue cells are positive. (C) Typical images of E-cadherin protein expres-
sion in CRC tissues and paired normal tissue (magnification, x100 and x200). Almost all normal tissue cells are strongly positive, yet the majority of CRC cells
are weakly positive or negative. CRC, colorectal cancer; FoxM1, Forkhead box protein M1; Cav-1, caveolin-1.

Immunohistochemistry score. Immunohistochemical scoring
was implemented by two independent observers who were
blinded to the clinical data. Depending completely on the
proportion of positive cells and the intensity of cell staining
in the field of view, the cell nuclei and cytoplasmic staining
of FoxM1, the cytoplasmic and membranous staining of
Cav-1, and the membranous staining of E-cadherin were
relatively divided into three groups: Negative, weak and
strongly positive. Collectively, the staining intensity of cells
was classified into four intensity scores: No staining, 0; light
staining, 1; moderate staining, 2; and dark staining, 3. The
percentage of positively-stained cells was classified into five
grades with percentage scores as follows: 10% staining, 0;
10-25% staining, 1; 25-50% staining, 2; 50-75 staining, 3; and
>75% staining, 4. The staining positivity of FoxM1, Cav-1
and E-cadherin was calculated using the following formula:
Total score = intensity score x percentage score. Based on the
total score of each tissue, results of <3, >3 to <6 and >6 were
defined as negative, weakly-positive and strongly-positive,
respectively.

Statistical analysis. The Wilcoxon rank sum test was
performed to determine the significance of the association
between the expression of FoxM1/Cav-1/E-cadherin and
clinical parameters. The association between FoxM1 and
Cav-1, FoxM1 and E-cadherin, and Cav-1 and E-cadherin
protein expression was analyzed utilizing Spearman's test
(r; P-value). In all tests, P<0.05 was considered to indicate
a statistically significant difference. SPSS 16.0 software
(SPSS Inc., Chicago, IL, USA) was used for the statistical
analyses.

Results

Expression of FoxM1, Cav-1 and E-cadherin in CRC tissues
and surrounding normal tissues. The expression of FoxM1,
Cav-1 and E-cadherin in CRC tissues and paired normal tissues
was evaluated by immunohistochemistry. The expression of
FoxM1 was observed mainly in the nuclear compartment
and cytoplasm, and the staining of FoxM1 was weakly- or
strongly-positive in CRC in comparison with negative in the
adjacent normal tissue (Fig. 1A). A significant difference
between CRC tissues and paired normal tissues was observed
(P=8.5416x10"°). Cav-1 expression was detected predominantly
in the cytoplasm and cell membrane, and the extent of Cav-1
staining in the CRC tissues was weakly- or strongly-positive
as compared with negative in the paired normal tissues
(P=9.6306x10°), suggesting that the expression of Cav-1 is
upregulated in CRC (Fig. 1B). E-cadherin expression was
primarily found in the membrane of epithelial cells, and
staining for E-cadherin in the CRC and surrounding normal
colorectal tissues was found to be negative (or weakly-posi-
tive) and strongly-positive, respectively (Fig. 1C). There was a
significant difference in the expression of E-cadherin between
the CRC tissues and paired normal tissues (P=0.0044).

Association between FoxM1 expression and clinicopathological
Seatures in CRC. The association between FoxM1 expression and
the clinicopathological features in CRC was investigated using
the immunohistochemistry tissues. The observations of the study
supplied unequivocal evidence that the expression of FoxM1 was
closely associated with tumor differentiation, tumor stage and
its metastasis. A positive association was found between FoxM1
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Figure 2. Association between the expression of FoxM1 and the clinicopathological features of colorectal cancer. (A) FoxM1 expression is positively associated
with tumor stage ('P=0.0209 for stages I1I and IV versus stages I and II); typical images of stage IIA and I'V tumors are shown (magnification, x200). (B) FoxM1
expression is positively associated with tumor differentiation ("P=0.0355 for grade I versus grades IT and IIT); typical images of grade I and II tumors are shown
(magnification, x200). (C) FoxM1 expression is positively associated with tumor metastasis ("P=0.0038 for the metastatic group versus the non-metastatic group);

typical images of tumors with or without distant organ or lymph node metastasis are shown (magnification, x200). FoxM1, Forkhead box protein M1.
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Figure 3. Cav-1 expression in colorectal cancer specimens and its association with the clinicopathological features. (A) Cav-1 expression is positively associ-
ated with tumor stage ("P=0.0477 for stages I1I and IV versus stages I and II); typical images of stage IIA and IV tumors are shown (magnification, x200).
(B) Cav-1 expression is positively associated with tumor differentiation ('P=0.0189 for grade I versus grades II/1I1); typical images of grade I and I1I tumors are
shown (magnification, x200). (C) Cav-1 expression is positively associated with tumor metastasis ('P=0.0112 for the metastatic group versus the non-metastatic
group); typical images of tumors with or without distant organ or lymph node metastasis are shown (magnification, x200). Cav-1, caveolin-1.

expression and tumor stage, indicating that the expression of  difference between the two groups (grade I vs. grades II and I1I;
FoxM1 was higher in advanced-stage tissues (stages IIl and IV) ~ P=0.0355). Furthermore, the expression of FoxM1 was much
in contrast with early-stage tissues (stages I and II) (Fig. 2A).  lower in non-metastatic samples than that in samples with distant
Additionally, when comparing well-differentiated (grade I), and  organ or lymph node metastasis (Fig. 2C).

moderately- and poorly-differentiated tumors (grades II and III),

the FoxM1 expression was markedly increased in the moder-  Association between Cav-1 expression and clinicopatho-
ately-differentiated tumors (Fig. 2B), and there was a significant  logical features in CRC. The status of Cav-1 expression was



ONCOLOGY LETTERS 12: 2381-2388, 2016

Stage IIA

.| Metastasis(-)

.. Metastasis(+)

2385

100 ) u Negative
© Weak
|g 80 u Strong
o 60
s 40 St

age

Q 20 9

0

1811 &IV

- 100 S = Negative
g 30 Weak
= = Strong
o 60
° 40
?‘: 20 I Grade

0

| &l

_ 100 ¥ u Negative
.g 80 Weak
= St
o 60 u Strong
° 40
o I Metastasis
h 20

0

negative positive

Figure 4. E-cadherin expression in colorectal cancer specimens and its association with the clinicopathological features. (A) E-cadherin expression is negatively
associated with tumor stage ("P=0.0297 for stages IIT and I'V versus stages I and II); typical images of stage ITA and IV tumors are shown (magnification, x200).
(B) E-cadherin expression is negatively associated with tumor differentiation ("P=0.0248 for grade I versus grade IT and III); typical images of grade I and 1T
tumors are shown (magnification, x200). (C) E-cadherin expression is negatively associated with tumor metastasis ('P=0.0327 for the metastatic group versus
the non-metastatic group); typical images of tumors with or without distant organ or lymph node metastasis are shown (magnification, x200).

an important factor for CRC patients, as it was implicated in
tumor differentiation and stage, and its metastasis. Fig. 3A
shows that the level of Cav-1 expression in advanced-stage CRC
(stages III and IV) was markedly positive, while conversely,
the level of Cav-1 expression in early-stage CRC (stages I
and IT) was weak. There was a significant difference in Cav-1
expression between tumor stages (P=0.0477). In addition,
it was identified that the expression of Cav-1 in poorly- and
moderately-differentiated CRC tumors (grades II and III)
was stronger compared with the weak expression of Cav-1 in
well-differentiated tumors (grade I) (Fig. 3B). Moreover, it was
found that the expression of Cav-1 in specimens of CRC with
lymph node or distant organ metastasis was more elevated
than that in other samples with no metastasis (Fig. 3C).

Association between the expression of the epithelial marker
E-cadherin and clinicopathological features in CRC. The
association between E-cadherin expression and clinico-
pathological variables is presented in Fig. 4. As illustrated
in Fig. 4A, the expression of E-cadherin in advanced-stage
CRC (stages III and IV) was observed to be more significantly
decreased than in early-stage CRC (stages I and II). Similarly,
the loss of expression of E-cadherin was more marked in the
poorly- or moderately-differentiated tumors of CRC than in
the well-differentiated tumors, as demonstrated in Fig. 4B.
Consistent with the aforementioned observation, the expres-
sion of E-cadherin in CRC with lymph node or distant organ
metastasis was attenuated more significantly than that in
non-metastatic tissues (Fig. 4C).

Correlation among FoxMI, Cav-1 and E-cadherin expres-
sion. The strong or moderate staining of FoxM1 was observed
in 30 out of 30 CRC tissues. Notably, among the 30 tissues

strongly or moderately stained for FoxM1, there was 29 that
were strongly or moderately stained for Cav-1. Similarly, the
results showed that the expression of FoxM1 was strong or
moderate in all the tissues stained strongly- or moderately for
Cav-1 (29 out of 29). These observations suggested that FoxM1
expression in the CRC tissues had a positive correlation with
Cav-1 expression (r=0.569, P=0.0103) (Fig. 5A). With respect
to the correlation between FoxM1 and E-cadherin expression,
it was demonstrated that the increased expression of FoxM1
was always accompanied by the decreased expression of
E-cadherin in the same CRC tissues Fig. 5A. On the other side,
the elevated expression of E-cadherin was concomitant with
the attenuated expression of FoxM1 in the same CRC tissues
(Fig. 5B). It was clearly shown that a negative correlation
existed between FoxM1 and E-cadherin expression (r=-0.397,
P=0.0299) (Fig. 5B). Consistent with these analogous observa-
tions, the increased expression of Cav-1 was observed together
with the decreased expression of E-cadherin in corresponding
CRC tissues. Additionally, Cav-1 expression was attenuated in
contrast with the high E-cadherin expression in corresponding
CRC specimens (Fig. 5C), indicating a negative association
between Cav-1 and E-cadherin (r=-0.362, P=0.0492).

Discussion

The current study aimed to determine the critical associations
among FoxM1, Cav-1 and E-cadherin in the development and
progression of CRC. Based on the results, it was found that
there was a positive correlation between FoxM1 and Cav-1
expression. Conversely, there was a negative correlation
between FoxM1 and E-cadherin expression, and a negative
correlation between Cav-1 and E-cadherin. This novel clinical
evidence suggested that high FoxM1 expression, elevated
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Figure 5. Correlation between FoxMI and Cav-1 expression, FoxM1 and E-cadherin expression, and Cav-1 and E-cadherin expression. (Aa), FoxM1 and
Cav-1 expression was detected by immunohistochemistry using antibodies for FoxM1 and Cav-1, respectively. Representative images of strongly-positive
FoxM1 and Cav-1 staining (left 2 panels) and moderate FoxM1 and Cav-1 staining (right 2 panels) in CRC are shown (magnification, x200). (Ab) Direct
correlation between FoxM1 and Cav-1 expression in CRC samples (n=30; Pearson's correlation test, r=0.533). Certain dots on the graphs represent more
than one sample (overlapped scores). (Ba) FoxM1 and E-cadherin expression were detected by immunohistochemistry using antibodies for FoxM1 and
E-cadherin, respectively. Representative images of strongly-positive FoxM1 and weak E-cadherin staining (left 2 panels) and weakly-positive for FoxM1
and strongly-positive E-cadherin staining (right 2 panels) in CRC are shown (magnification, x200). (Bb), Direct corelation between FoxM1 expression and
E-cadherin expression in CRC samples (n=30; Pearson's correlation test, r=-0.356). Certain dots on the graphs represent more than one sample (overlapped
scores). (Ca) Cav-1 and E-cadherin expression was detected by immunohistochemistry using antibodies for Cav-1 and E-cadherin, respectively. Representative
images of strongly-positive Cav-1 and weakly-positive E-cadherin staining (left 2 panels) and weakly-positive Cav-1 and strongly-positive E-cadherin staining
(right 2 panels) in CRC are shown (magnification, x200). (Cb) Direct correlation between Cav-1 and E-cadherin expression in CRC samples (n=30; Pearson's
correlation test, r=-0.342). Certain dots on the graphs represent more than one sample (overlapped scores). CRC, colorectal cancer; FoxM1, Forkhead box
protein M1; Cav-1, caveolin-1.

Cav-1 expression and low E-cadherin expression may be
critical contributors to CRC pathogenesis and aggressiveness.
Collectively, considering the evidence presented, a novel
FoxM1/Cav-1/E-cadherin signaling pathway may exist in
CRC, directly impacting EMT.

A growing body of evidence has convincingly demon-
strated that FoxM1 plays an irreplaceable role in cancer

initiation by modulating the G;-S and G,-M phases of the cell
cycle, thus inducing cell proliferation and progression (19).
Transcription molecules Skp2 and Cksl, components of the
Skp-Cullinl-F-box complex, are controlled by FoxM1, which
contributes greatly to the G,-S transition. Moreover, it is
widely reported that FoxM1 is essential for the G,-M phase
transition through regulators such as Cyclin A2, Cyclin B,
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survivin, centromere protein A and Aurora A kinase, which
are under control of FoxM1 at the transcriptional level (20). It
is accepted worldwide that FoxM1 is not only involved in cell
proliferation, senescence and angiogenesis, which are indis-
pensable for tumorigenesis, but that it is also implicated in EMT
and metastasis, which are critical to tumor development and
progression (20). Numerous clinical studies and experimental
results have demonstrated that FoxM1, acknowledged as an
oncogene, contributes to diseases such as Ewing's sarcoma,
ovarian cancer, esophageal squamous cell carcinoma, gastric
cancer and CRC by regulating the protein expression essential
for angiogenesis, EMT and metastasis (7,21-24). One previous
study provided convincing evidence that the increased expres-
sion of FoxM1 was clearly correlated with the poor prognosis
of gastric cancer by downregulating E-cadherin expression in
the cells of gastric cancer (21). In our previous study several
lines of investigation were followed to determine the crucial
role of FoxM1 in CRC, and the elevated expression of FoxM1
in in vivo and in intro experiments promoted the migration,
invasion and metastasis of CRC. Conversely, the decreased
expression of FoxM1 via the transfection of cells with small
interfering RNA did the opposite (23). In the present study, it
was demonstrated that the expression of FoxM1 was markedly
associated with tumor stage (P=0.0209), grade (P=0.0355)
and lymph node metastasis (P=0.0038). It was previously
illustrated by Yang et al (25) that the overexpression of FoxM1
was accompanied by the decreased expression of E-cadherin
in breast cancer, which was a pivotal step for the acquisition
of an EMT phenotype in tumor invasion and metastasis. An
unexpected finding in a study by Wierstra demonstrated that
transcription factor FoxMIc can directly bind to the murine
and human E-cadherin promoter as a novel target gene in
tumors in vitro (26). In the present study, there was a negative
correlation between FoxM1 and E-cadherin in CRC (Fig. 5B),
indicating that FoxM1 may negatively regulate E-cadherin in
the metastasis of CRC. Although the underlying mechanism of
FoxMI1 regulating the tumorigenicity and metastasis of cancer
is unclear, all these observations support the fact that FoxM1
may be a valuable prognostic hallmark or serve as a novel
therapeutic target in CRC.

It has been reported that Cav-1, also known as caveolin or
VIP21, which was first identified in the caveolin family, plays
an indispensable role in the physiological functions of the cell
by functioning in surface signaling, intracellular cholesterol
transport and endocytosis (27). Nevertheless, there is intense
controversy concerning the role of Cav-1, either as a tumor
suppressor or as a tumor promoter, in the process of cancer
development and progression (10). One possible explanation
accounting for the different roles of Cav-1 is the tumor type.
A growing body of studies has shown that the decreased
expression of Cav-1 can be recognized as a tumor suppressor
in ovarian carcinoma (28), gastric cancer (11) and breast
carcinoma (29), meanwhile, Cav-1 overexpression as a tumor
promoter has been found in hepatocellular carcinoma (30),
bladder cancer (31) and pancreatic cancer (15). Based on
the available literature, the role of Cav-1 in CRC appears
to be highly inconsistent. One study demonstrated that the
overexpression of Cav-1 in colon cancer cells markedly
weakened proliferation, development, invasion, viability and
metastasis (32). Another study published by Patlolla et al (33)
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demonstrated that Cav-1 was overexpressed in the tissues
and cell lines of human colon cancer. Besides that, emerging
novel evidence has revealed that the expression of Cav-1 is a
biphasic process in CRC, meaning that the expression of Cav-1
is commonly downregulated in early-stage CRC and then
upregulated in advanced-stage CRC, manifesting the change
in the role of Cav-1 in CRC from a oncogene to an anti-onco-
gene during tumor progression (34). In the present study, it was
illustrated that the expression of Cav-1 was elevated in CRC
tissues in comparison with paired normal tissues, and that the
expression of Cav-1 was closely associated with tumor stage
(P=0.0477), grade (P=0.0189) and lymph node metastasis
(P=0.0112), which meant that it may act as a tumor promoter
during the development of the tumor. Consistent with these
observations, it was previously demonstrated that the elevated
expression of Cav-1 in bladder cancer was tightly correlated
with cell migration and invasiveness in contrast with the
control group, and the expression of Cav-1 was elevated in the
process of acquiring an EMT phenotype (31). Our previous
study verified that the staining of Cav-1 in pancreatic cancer
tissues was strongly positive compared with the paired normal
tissues, and when Cav-1 expression was elevated in the pancre-
atic cancer cells, the abilities of cell migration and metastasis
were strengthened, E-cadherin expression was significantly
decreased and typical EMT morphological changes were
caused (15). In the present study, it was found that the overex-
pression of Cav-1 in CRC was concomitant with the decreased
expression of E-cadherin, which meant that Cav-1 may nega-
tively regulate E-cadherin expression and play significant roles
in the progression of CRC.

Depletion of E-cadherin, one of the predominant adhesive
molecules of epithelial cells, plays a prominent role in the inva-
sion and metastasis of diverse neoplasms, including bladder
cancer, hepatocellular carcinoma and breast cancer, via acqui-
sition of the EMT phenotype (25,30,31). In the current study,
it was shown that E-cadherin expression was decreased in
CRC tissues, which is a key step in the process of acquiring an
EMT phenotype, and the expression of E-cadherin was found
to be closely associated with the clinicopathological features
of the disease (Fig. 4). Diverse studies have revealed that there
may be a range of regulatory mechanisms of E-cadherin in
different cancers. In ovarian cancer, it was shown that trans-
forming growth factor-f3 played critical roles in tumorigenesis
via decreasing E-cadherin expression (35). Moreover, it was
demonstrated in non-small cell lung cancer that the expres-
sion of E-cadherin was regulated by microRNA-10b (36).
However, the specific regulatory mechanism of E-cadherin
in CRC remained unclear. Supporting data published by
Yang et al (25) demonstrated that there was a correlation
between FoxM1 and E-cadherin in breast cancer. Additionally,
another study showed that Cav-1 can regulate the expression
of E-cadherin in bladder cancer (31). In our previous study, it
was verified that there was a novel FoxM1-Cav-1-E-cadherin
signaling pathway in pancreatic cancer (15). Therefore, it
may be concluded that a FoxM1-Cav-1-E-cadherin signaling
pathway may exist in CRC.

Taken together, the results of the present study not only
showed the expression of FoxM1, Cav-1 and E-cadherin in
CRC tissues and normal tissues, but also revealed associa-
tions between FoxM1, Cav-1 and E-cadherin expression and
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clinicopathological features, respectively. More importantly,
there may be a FoxM1-Cav-1-E-cadherin signaling pathway
in CRC, which may be a promising therapeutic target for CRC
patients.
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