
Abstract. Epigenetic silencing of the 14-3-3σ gene by CpG
hypermethylation has been reported in many kinds of cancers,
but has been considered inapplicable in the colorectal variety.
The expression of 14-3-3σ in colorectal cancer is located
primarily in the invasive area. The interaction between tumor
cells and the extracellular matrix (ECM) is involved in tumor
invasion. In the current study, we investigated the correlation
between 14-3-3σ expression and the ECM, focusing especially
on the presence of tenascin-C (TNC) at the invasive area of
colorectal cancers. Correlations between the immuno-
histochemical expression of 14-3-3σ and TNC, as well as other
clinicopathological factors, were evaluated in 123 colorectal
carcinoma tissues. 14-3-3σ expression was frequently observed
in budding tumor cells in the invasive area and expression
was significantly correlated with budding formation (p=0.001),
pTNM classification (p=0.001) and stromal TNC expression
(p=0.004). Using colorectal cancer cell lines and ECMs, the
up-regulation of 14-3-3σ mRNA levels was investigated by
semi-quantitative RT-PCR. TNC surrounding the tumor
cells increased 14-3-3σ mRNA expression 1.8- to 2.2-fold
in HCT116 cells. The effect of 14-3-3σ over-expression on
tumor cell migration was investigated using an agarose-cell
droplet migration assay. Over-expression of 14-3-3σ up-
regulated HCT116 cell migration on TNC (p<0.001). We
concluded that the expression of 14-3-3σ in the invasive area
modulates tumor cell migration in certain types of colorectal
cancer and thus facilitates tumor progression.

Introduction

14-3-3 proteins are involved in the modulation of diverse
signal transduction pathways (1). They can form homodimers
or heterodimers, may act as adapter proteins, and can alter
the subcellular localization of various cellular proteins.
Previous studies have shown that 14-3-3 proteins play a role
in cell cycle regulation (2), apoptosis (3), cell adhesion (4)
and cell skeleton dynamics (5).

The family of 14-3-3 proteins is highly conserved in
mammalian species and may be divided into seven isotypes
(ß, ε, η, γ, τ, ζ and σ). Among these, 14-3-3σ was found to be
directly related to human cancers and was originally identified
as a p53-inducible gene that responded to DNA damage (6).
By sequestering CDC2-cyclin B1 complexes as they are
transported from the nucleus to the cytoplasm, 14-3-3σ
prevents the cell from entering mitosis (7). It can bind cdk2
or cdk4 complexes to block transitions in the eukaryotic cell
cycle and is regarded as a negative regulator of cell cycle
progression (8). In many kinds of carcinoma, e.g. breast (9),
stomach (10), liver (11), prostate (12) and lung small cell
carcinoma (13), epigenetic silencing of the 14-3-3σ gene due
to CpG-hypermethylation in the promoter region has been
detected at a very high frequency. Loss of 14-3-3σ protein
expression may contribute to malignant transformation by
impairing the G2 cell cycle checkpoint function. However, in
a previous study we demonstrated that hypermethylation of
the 14-3-3σ promoter region was rare in colorectal cancer and
noted that 14-3-3σ expression was especially pronounced in
the invasive area (14).

There has yet to be a report on the effect of 14-3-3σ
expression on cell migration. Martin reported that 14-3-3τ
had a positive effect on tumor cell adhesion and growth on
tenascin-C (TNC) (15). TNC modulates the adhesion of cells
to fibronectin (FN) and can be classified as an anti-adhesive or
adhesion-modulating extracellular matrix (ECM) protein (16).
The expression of TNC is transiently observed in organo-
genesis, but is absent or very limited in fully developed
organs. However, it reappears in inflammation, infection and
tumorigenesis.

In this study, we report that 14-3-3σ expression modulates
tumor cell migration in colorectal cancer and interacts with
TNC in the invasive area.
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Materials and methods

Tissue samples. Human colorectal cancer tissue samples were
obtained from 123 patients who underwent colorectal resection
at Surgery I, Gunma University Hospital. None of the patients
had received chemotherapy or radiotherapy prior to surgery.
Freshly removed samples were immediately fixed with 10%-
buffered formalin for 48 h and then paraffin-embedded for
immunohistochemical analysis. Histological diagnosis and
staging were established following TNM classification. The
study was approved by the local Committee of Medical Ethics,
and all patients gave their written consent.

Immunohistochemical analysis. Immunohistochemical
analysis was performed using a streptavidin-horseradish
peroxidase (HRP) biotin-staining method. Briefly, after being
deparaffinized and rehydrated, 3 μm-thick serial paraffin
sections were incubated with rabbit polyclonal anti-14-3-3σ
antibody (IBL, Fujuoka, Japan) at a 1:200 dilution or with
mouse monoclonal anti-TNC antibody (IBL) at a 1:200
dilution overnight at 4˚C. A secondary biotinylated antibody
was then added followed by incubation with a streptavidin-
HRP conjugate, and the color reaction was developed with
diaminobenzidine. Counter-staining was performed using
Mayer's hematoxylin. Each sample was classified according
to clinicopathological factors, tumor differentiation, depth of
tumor invasion, vessel invasion, nodal status and pTNM stage.
We focused particularly on tumor budding, defined as small
clusters of undifferentiated tumor cells that appeared ahead of
the lesion's invasive front. Tumor budding cells were divided
into two groups according to degree, defined as the number of
‘budding’ foci in the hematoxylin-eosin stained tissue sample
observed within a microscopic field of x200. The negative
group contained <5 foci and the positive ≥5 foci.

Cell lines and extracellular matrices. Human colon cancer-
derived HCT116 cells and SW480 cells were cultured in
RPMI-1640 medium (Sigma-Aldrich Japan K.K., Tokyo,
Japan) containing 10% fetal calf serum at 37˚C and 5% CO2.
The substrates TNC and FN were prepared by coating wells
with these proteins at 25 or 50 μg/ml in PBS including 0.01%
Tween for 30 min to 2 h at 37˚C. Human TNC and FN were
purchased from Chemicon (Temecula, CA).

Semi-quantitative RT-PCR. One million wild-type HCT116
or SW480 cells were cultured in 10 cm dishes coated with
TNC or FN. After 48 h the cells were harvested and total-RNA
was extracted with an RNeasy kit (Qiagen K.K., Tokyo, Japan)
according to the manufacturer's instructions. Using 5 μg total-
RNA from each sample, reverse transcription was performed
with a SuperScript II kit (Invitrogen K.K., Tokyo, Japan).

PCR was performed using the following specific primer
pair: 14-3-3σ, 5'-AGCAGAAAAGCAACGAGGAG-3' and
5'-GGGCAACACTCAGCTCT-3'; products, 560 bp. As an
internal control, GAPDH was used: 5'-GAAGGTGAAGGTC
GGAGTC-3' and 5'-GAAGATGGTGATGGGATTTC -3';
products, 212 bp. PCR conditions were as follows: 1 cycle
at 95˚C for 10 min, 10-28 cycles at 95˚C for 45 sec, 56˚C for
30 sec, 72˚C for 45 sec and 1 cycle at 72˚C for 10 min. PCR
products (5 μl) were run on 8% polyacrylamide gel and

observed by ethidium bromide staining under ultraviolet light.
Photographic images of the gels were stored on a computer.
Scion Image software was used for densitometric analysis. The
experiment was repeated three times.

Plasmids and transfections. pCDNA4-14-3-3σ, an expression
vector for 14-3-3σ, was a generous gift from Dr T. Kino
(National Institute of Health, Bethesda, MD) (17). As a nega-
tive control, pCDNA4 His/Max empty vector (Invitrogen)
was used. Both were transfected with Lipofectamin 2000
(Invitrogen) at 1 μg/well of the plasmids. Colonies were
selected after growth on 50-100 μg/ml Zeocin (Invitrogen).

Agarose-cell droplet migration assay. To investigate morpho-
logical changes and the ability of the tumor cells to migrate
from a large cluster to the surrounding ECMs, we used an
agarose-cell droplet migration assay. Briefly, solidified cell
suspensions in agarose gel were set on a chamber slide then
coated with ECM substrate and cultured.
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Figure 1. Immunohiostochemical analysis of 14-3-3σ and TNC expression in
colorectal cancer tissues. Staining for 14-3-3σ (a, c, e, g) and TNC (b, d, f, h).
Weak staining of 14-3-3σ was observed in <5% of tumor cells at the invasive
area (a). Trace staining for TNC was observed (b). This case was regarded
as negative for 14-3-3σ and TNC. Moderate-to-strong expression of 14-3-3σ

was observed in >5% of large clusters of tumor cells at the invasive area and
relatively strong 14-3-3σ expression was observed in budding cells (c, e, g).
Focally weak-to-moderate expression of TNC was observed. This case was
regarded as negative for TNC (d). Diffuse moderate and focally strong (f)
and diffuse strong expression (h) of TNC. These cases were regarded as
positive for TNC. Original magnification, x100.

1451-1456  7/11/07  18:27  Page 1452



The 2% low-melting point agarose (Wako, Osaka, Japan) in
PBS was re-melted and diluted to 0.2% in 37˚C preheated
serum-free RPMI-1640 medium. HCT116 cells (1x106) or
SW480 cells transfected with plasmids were re-suspended in
this medium to a final cell concentration of 1x104 cells/μl.

Droplets (1 μl) were placed in the center of a well on a
16-well Lab-Tech chamber slide (Nalge Nunc International,
Cambridge, MA) and refrigerated at 4˚C for 10 min to allow
the aragose droplets to set. Then, 50 μl coating solution (25 μg/
ml TNC or 50 μg/ml FN) was dropped onto the agarose gel
droplet. After 30 min incubation at 37˚C, 150 μl of RPMI-1640
containing 10% FCS was added. After 48 h incubation, the
medium was removed and cells were fixed with 10%-buffered
formalin then dried. Giemsa staining was performed. The
experiment was conducted on three sets of cells and ECMs.

To evaluate cell migration ability and migratory cell density
in the invasive area, we measured the migratory distance

traveled in four directions starting from the edge of the droplet
and counted the number of cells within the 200 μm2

visualized in the invasive area.

Statistical analysis. Fisher's exact test was used for the
statistical analysis of tumor 14-3-3σ and stromal TNC
expression. The t-test was used to analyze the association
between two categorical variables in the agarose-cell droplet
migration assay. A P-value of <0.05 was considered to be
statistically significant.

Results

Immunohistochemical analyses. The assessment of 14-3-3σ
or TNC expression was focused on the tumor invasive area.
14-3-3σ or TNC expression in the tumor surface or center
was excluded from the assessment. 14-3-3σ expression was
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Table I. Expression of 14-3-3σ and tenascin-C correlated with clinicopathological factors.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

14-3-3σ expression Tenascin-C expression
––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––

All cases Negative Positive Negative Positive
Parameter n=123 n=52 n=71 P-value n=46 n=77 P-value
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
Tumor differentiation
G1 60 31 29 0.12 25 35 0.30
G2 60 20 40 19 41
G3 3 1 2 2 1

Depth of invasion
pT1 72 40 32 <0.001 30 42 0.07
pT2-3 51 12 39 16 25

Budding
Negative 69 38 31 0.001 30 39 0.11
Positive 54 14 40 16 38

Lymphatic invasion
Negative 54 31 23 0.002 28 26 0.003
Positive 69 21 48 18 51

Venous invasion
Negative 82 45 37 <0.001 31 51 0.999
Positive 41 7 34 15 26

Nodal status
pN0 89 47 42 <0.001 40 49 0.005
pN1-3 34 5 29 6 28

pTNM classification
Stage I 63 37 26 <0.001 27 36 0.024
Stage II 24 10 14 12 12
Stage III 36 5 31 7 29

Tenascin-C
Negative 46 27 19 0.004
Positive 77 25 52

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

1451-1456  7/11/07  18:27  Page 1453



observed primarily in tumor cell cytoplasm. No specific
staining was observed in the stromal cells (Fig. 1a). More than
10% of tumor cells in the invasive area showed moderate-to-
strong immunoreactivity, which we regarded as 14-3-3σ
positive (Fig. 1g). We observed several cases with strong
14-3-3σ expression localized in more than five budding foci
(Fig. 1c and e). These cases were also regarded as positive. In
all, 71 cases (57.7%) were regarded as 14-3-3σ positive. In 37
(30%) of these, 14-3-3σ expression was localized primarily in
the budding cells. TNC expression was observed primarily in
the ECM component of the tumor-surrounding stroma. Diffuse
(>50% of stroma) moderate-to-strong expression (Fig. 1h) or
focally (25-50% of stroma) strong expression of TNC in the
invasive area (Fig. 1f) was regarded as positive. There were 77
cases (62.6%) positive for TNC. Diffuse moderate-to-strong
expression of TNC was observed in 38 cases (30.8%) and
focally strong expression in 39 cases (31.7%).

Clinicopathological parameters and expression of 14-3-3σ
and TNC are illustrated in Table I. Significant correlations
were found between 14-3-3σ expression and deeper invasion
(p<0.001), tumor budding (p=0.001), lymphatic invasion
(p=0.002), venous invasion (p<0.001), lymph node metastasis
(p<0.001) and advanced pTNM stage (p<0.001). 14-3-3σ
expression in the invasive area of colorectal cancer was
correlated with tumor progression. TNC expression was also
significantly correlated with tumor progression, lymphatic
invasion (p=0.033), lymph node metastasis (p=0.005) and

advanced pTNM stage (p=0.024). There was a tendency
towards a correlation between tumor budding and stromal
TNC expression (p=0.11). Survival analysis according to
Kaplan-Meier analysis revealed no significant correlation
between the expression of 14-3-3σ or TNC and survival (data
not shown). There was a positive correlation between tumor
cell 14-3-3σ and stromal TNC expression (p=0.004).

Morphological change and induction of 14-3-3σ in cancer cell
lines cultured on TNC and FN. As shown by immunohisto-
chemical analysis, 14-3-3σ expression was significantly
correlated with TNC expression. We therefore investigated
whether TNC modulated 14-3-3σ expression in tumor cells.
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Figure 2. (A) Giemsa staining for tumor cells cultured on TNC or FN for 24 h.
HCT116 (a) and SW480 (c) cells cultured on FN showed well-stretched
epithelial cell-like morphology with cell-to-cell contact. HCT116 (b) and
SW480 (d) cells cultured on TNC showed less attached round shapes and
lost cell-to-cell contact. Original magnification, x200. (B) Semi-quantitative
RT-PCR for comparison of 14-3-3σ induction in HCT116 cells cultured on
TNC or FN for 24 h. GAPDH was used as an internal control. Densitometric
analysis indicated that the expression level of GAPDH on both ECMs was
equal. At PCR cycles 18 and 20, the expression level of 14-3-3σ mRNA in
HCT116 cells on TNC revealed ratios of 1.8-2.2 relative to FN-cultured cells.

Figure 3. Giemsa staining of agarose-cell droplet and migratory cells. (A)
Migratory cells radiated out from the droplet. MOCK HCT116 (a) and
1433OE HCT116 (b) cells on TNC. Original magnifications x20. (B) HCT116
cells on TNC showed a rounded and less attached form. 1433OE HCT116
cells (d) were well-spreading compared to MOCK HCT116 cells (c). On FN,
there was no significant difference between MOCK HCT116 and 1433OE
HCT116 (e, f). Original magnifications x200. (C) MOCK SW480 cells
showed dense expansive growth on TNC (g) and FN (i). 1433OE SW480
cells were relatively well-stretched and had loose cell-to-cell contact on two
different ECMs (h, j). Original magnification, x200.

1451-1456  7/11/07  18:27  Page 1454



First, HCT116 or SW480 cells were grown in medium
containing 10% FCS for 24 h on plates coated with FN or
TNC. When grown on these substrates, the cells showed a
completely different morphology. On FN, two cell lines had
well-stretched epithelial cell-like morphology (Fig. 2A, a and c)
whereas, on TNC, they completely lost cell-to-cell contact and
formed round or irregular shapes with a long pseudopodium
(Fig. 2A, b and d).

Second, we isolated mRNA from HCT116 and SW480
cells grown on FN or TNC. As shown in Fig. 2B, for HCT116
cells the transcript levels of GAPDH were equal, while 14-3-3σ
levels were 1.8- to 2.2-fold increased when cultured on TNC
compared to FN. However, SW480 cells showed no significant
difference in 14-3-3σ levels between cells cultured on FN vs.
TNC (data not shown).

Agarose-cell droplet migration assay. The budding cells in the
invasive area of colorectal cancer showed strong expression
of 14-3-3σ. Using an agarose-cell droplet migration assay,
we investigated the effect of 14-3-3σ over-expression on the
migration of cells from a large cell cluster to the ECM.
Migratory cells radiating out from the droplet were observed.
HCT116 cells had different responses when grown on different
ECMs. On TNC, migratory cells from the HCT116 agarose-
cell droplet showed a round less attached morphology (Fig. 3B,
c and d). The migration of empty plasmid transfected (MOCK)
HCT116 cells was suppressed on TNC in comparison with
those grown on FN (Table II, p<0.001a,b). However, migratory
HCT116 cells that over-expressed 14-3-3σ (1433OE) showed
a significantly longer migration distance (p<0.001c) and
higher cell density (p<0.001d) in the migratory area compared
to MOCK HCT116 cells (Fig. 3A, a and b; Fig. 3B, c and d;
Table II). On FN, there was no significant difference in
migratory distance or cell density between 1433OE HCT116
cells and MOCK HCT116 cells (Fig. 3B, e and f).

For SW480 cells, TNC accelerated the migration of MOCK
SW480 cells compared to those grown on FN (p=0.046e).
However, 1433OE SW480 cells showed no significant
difference in migration distance (NSf). 14-3-3σ over-
expression also modulated migratory cell morphology and
density. MOCK SW480 cells showed very high-density
expansive growth on both TNC and FN (Fig. 3C, g and i)
(p<0.001g, p<0.001h). 1433OE SW480 cells showed relatively
well-stretched and loose cell-to-cell contact on two different
ECMs (Fig. 3C, h and j).

Discussion

Previous trends in research involving 14-3-3σ in oncology
have indicated an epigenetic negative regulation of its gene.
Recently, the observed decrease in 14-3-3σ expression in
tumors was found to be a sporadic event, even in breast cancer
(18). Moreover, the expression of 14-3-3σ was increased in
pancreatic cancer (19). A recent study of colorectal cancer
reported that 14-3-3σ expression was an independent
prognostic factor for poor survival (20). In the present study,
we demonstrated that 14-3-3σ expression in the invasive area
was significantly correlated with the tumor progression of
colorectal cancer.

It has been previously reported that the down-regulation
of 14-3-3σ was observed in invasive transitional cell
carcinoma and corresponded to lesions undergoing epithelial
mesenchymal transition (EMT), a phenomena in which cells
dissociate from the epithelia and migrate freely, contributing
to the invasive and metastatic processe (21). Invasion by
colorectal carcinoma is characterized by an EMT-like de-
differentiation of tumor cells (22). EMT is characterized by
the expression of FN and vimentin in conjunction with an
absence of E-cadherin. Therefore, EMT and tumor cell
budding might not be exactly the same event. However, these
phenomena involve a morphological transformation of
migratory tumor cells in response to the micro-environment
of the invasive area. When grown on TNC, tumor cells show
a rounded less attached form. We found that TNC can up-
regulate 14-3-3σ expression in HCT116 cells. Over-expression
of 14-3-3σ accelerates the migration of HCT116 cells on TNC
and induces loose cell-to-cell contact in migrated SW480
cells regardless of the ECM type. Recently, Beiter reported
that ß-catenin induced TNC in colorectal cancer cells (23). In
this report, it presented that TNC is inducible in SW480 but
not in HCT116 cells. The different response of colorectal
cancer cell lines HCT116 and SW480 to TNC, which we
observed in the experiment in which we induced 14-3-3σ and
carried out a migration assay, might be derived from this
character.

Immunohistochemically, budding colorectal cancer tissue
cells show strong staining for 14-3-3σ and their expression
was significantly correlated with TNC expression in the
invasive area. Based on our observations and experiments,
the existence of TNC and the over-expression of 14-3-3σ may
be closely linked to the formation of budding cells. The critical
role of 14-3-3σ in cell migration is still unclear. It has been
reported that 14-3-3σ has a function in preventing apoptosis by
sequestering BAX (24). The adhesiveness of some types of
colorectal cancer cells may be altered by TNC and 14-3-3σ
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Table II. Forced 14-3-3σ expression and tumor cell migration.
–––––––––––––––––––––––––––––––––––––––––––––––––
Extracellular matrix Fibronectin Tenascin-C P-value
–––––––––––––––––––––––––––––––––––––––––––––––––
Migration distance (μm)
MOCK HCT116 414.5±15.3a 262.7±13.9a,b <0.001a

1433OE HCT116 403.1±22 459.7±32.7b <0.001b

Cell density (cells/200 μm2)
MOCK HCT116 22.7±2.1c 10.3±1.1c,d <0.001c

1433OE HCT116 23.7±1.6 31.0±1.4d <0.001d

Migration distance (μm)
MOCK SW480 183.6±20.1e 235±13.7e 0.046e

1433OE SW480 204.5±11.2f 208.9±11.8f NSf

Cell density (cells/200 μm2)
MOCK SW480 221.7±4.6g 224.6±4.0h <0.001g

1433OE SW480 104.4±2.8g 103.2±2.4h <0.001h

–––––––––––––––––––––––––––––––––––––––––––––––––
NS, not significant.
––––––––––––––––––––––––––––––––––––––––––––––––– 
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over-expressed budding cells in the invasive area may gain
an anti-apoptotic function for cell survival.

Understanding the interaction between tumor cells and
stromal ECMs will contribute to the treatment of cancers.
However, it is controversial whether 14-3-3σ is an opponent or
an ally in the development of new cancer therapies (25,26).
The induction of 14-3-3σ expression may become a key point
of control in new methods of chemo-radiation therapy for
cancer.
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