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Abstract. Objective: Fascin-1 is an actin-binding protein that promotes cell proliferation, adhesion and motility. We tested the
hypothesis that fascin-1 expression correlates with clinicopathological parameters of colorectal adenocarcinomas.
Methods: Immunohistochemical analysis of fascin-1 was performed in tissue microarrays of 91 surgical specimens, including 32
well, 33 moderately, and 26 poorly differentiated colorectal adenocarcinomas; and in 22 specimens from colorectal adenomas
with dysplasia.
Results: Scattered fascin-1 expression was demonstrated in 9 control specimens of normal colonic glandular epithelia. Higher
fascin-1 immunostaining scores were significantly associated with advanced dysplasia in colorectal adenomas (mild 4.2± 1.3,
moderate 13.5± 5.3, and severe 22.5± 6.7) and high-grade histopathological differentiation of colorectal adenocarcinomas
(grade I 88.6± 9, grade II 101± 11, and grade III 144± 13). Higher immunostaining scores of fascin-1 were also significantly
associated with advanced T stage (T1: 42± 10, T2: 60± 12, T3: 108± 12, and T4: 142± 15). Higher fascin-1 scores were
related with more advanced M and N stages of colorectal carcinomas, but not significant correlation.
Conclusions: Higher expression of fascin-1 correlates significantly with tumor grades and TNM stages in colorectal adenocarci-
nomas and also with levels of dysplastic change in colorectal adenomas.
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1. Introduction

The fraction of colorectal adenocarcinoma is the
most common histological type of total colon cancer,
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accounting for 8.5% of all new malignancies [1]. Mul-
tiple factors, such as histopathological differentiation,
depth of tumor invasion, and lymph node metastasis
have been proven to play important roles in tumor prog-
nosis [2–5]. Several studies demonstrated that both in-
tegrin and cadherin superfamilies contribute to main-
taining cellular polarity and controlling epithelial dif-
ferentiation in colonic epithelium [6,7]. Identifica-
tion of mechanisms promoting tumor cell invasion may
help direct creation of new therapies that can arrest
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Fig. 1. Hematoxylin and eosin staining of non-neoplastic colon tissue (1A), well differentiated (1C), moderately differentiated (1E), and
poorly differentiated (1G) colorectal adenocarcinomas; and immunohistochemical analysis of fascin-1 in non-neoplastic colon tissue (1B), well
differentiated (1D), moderately differentiated (1F), and poorly differentiated (1H) colorectal adenocarcinomas. Original magnification X 400.

local invasion and metastatic spread of disease. Re-
cent cell culture study of colorectal adenocarcinoma
showed fascin-1 over-expression was related to tumor
invasiveness, proliferation, and differentiation [8].

Fascins are actin-binding proteins that induce cell
membrane protrusion and motility [9]. In human body,
the genomes encode 3 subtypes of the fascin fami-
ly, including fascin-1, fascin-2, and fascin-3 [10–12].
Fascin-1 subtype is expressed widely in smooth mus-
cle tissue, vascular endothelium, fibroblasts, lymphoid
dendritic cells and neural crest cells [8,13]. However,
fascin-2 expression is restricted to retinal photorecep-

tor cells, and fascin-3 only appears in the testis [11,
12]. Fascin-1 has been studied in different types of tu-
mors, such as breast, colon, brain, esophagus, stomach,
lung, urinary bladder, and even hematological malig-
nancies [14–20]. However, the relationship between
fascin-1 expression and clinicopathological parameters
of colorectal adenocarcinomas is still vague.

In this study, we tested the hypothesis that higher ex-
pression of fascin-1 has prognostic significance in col-
orectal adenocarcinoma and malignant transformation
in colorectal adenomas. Our results demonstrate that
significantly increased fascin-1 immunostaining scores
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were not only associated with more advanced stages
and poor survival in colorectal adenocarcinoma cas-
es, but also higher degrees of dysplasia in colorectal
adenoma.

2. Materials and methods

Paraffin-embedded tumor tissues were obtained and
tissue microarray slides were constructed. We select-
ed 22 colorectal adenoma cases, including 5 with mild
dysplasia, 7 with moderate dysplasia, and 10 with se-
vere dysplasia; and 91 cases of primary colorectal ade-
nocarcinoma, including 32 well differentiated (glan-
dular structure>95%), 33 moderately differentiated
(glandular structure between 50%–95%), and 26 poor-
ly differentiated adenocarcinomas (glandular structure
<50%). The histopathological differentiation of col-
orectal adenocarcinoma was determined according to
the WHO classification criteria for tumors [2].

One core was taken from a selected area of each
paraffin-embedded tumor tissue and tissue microarray
slides were constructed according to a previously pub-
lished method [21]. Each representative core in the
tissue microarray slide was 1.5 mm in diameter. The
tissue microarray slide showed uniform H&E staining
as did the original paraffin-embedded specimens. Each
pathological diagnosis in these cases was reviewed by
at least two experienced pathologists who were blind-
ed to each other’s result. If the discrepancy devel-
oped, the third opinion of another pathologist was con-
sulted. All tumors were pathologically staged accord-
ing to the 1997 American Joint Committee on Cancer
(AJCC/TNM system). Normal colonic tissues were ob-
tained from 9 cases and were taken 4 cm from the neo-
plasm. None of these cases had ever received radiation
or chemotherapy before surgery.

2.1. Immunohistochemistry

Tissue microarray sections were de-waxed in xy-
lene, rehydrated in alcohol, and immersed in 3% hy-
drogen peroxide for 5 minutes to suppress endoge-
nous peroxidase activity. Antigen retrieval was per-
formed by heating (100◦C) each section for 30 minutes
in 0.01 mol/L sodium citrate buffer (pH 6.0). After 3
rinses (each for 5 minutes in phosphate buffered saline
[PBS]), sections were incubated for 1 hour at room tem-
perature with a monoclonal mouse anti-human fascin-1
antibody (1:100, NeoMarkers, Fremont, USA) dilut-
ed in PBS as previous study [22,23]. After 3 washes

(each for 5 minutes in PBS), sections were incubated
with biotin-labeled secondary immunoglobulin (1:100,
DAKO, Glostrup, Denmark) for 1 hour at room tem-
perature. After 3 additional washes, peroxidase activ-
ity was developed with DAB (DAKO, Glostrup, Den-
mark) at room temperature. Sections of non-neoplastic
muscle tissues (known to stain positive for fascin-1)
were used as a positive control and normal columnar
epithelia of breast were used as a negative control [24].

For evaluation of immunoreactivity and histological
appearance, all tissue microarray experiments were re-
peated 3 times and the slides were examined and scored
by two authors concurrently. These replicated results of
each author were averaged. For assessment of fascin-
1 immunostaining scores, the intensity of cytoplasmic
and plasma membrane immunostaining was scored on
a scale of 0 (no staining) to 4 (strongest intensity), and
the percentage of cells with stained cytoplasm or plas-
ma membrane was estimated at each intensity. The
percentage of cells (from 0 to 100) was multiplied by
the corresponding immunostaining intensity (from 0 to
4) to obtain immunostaining scores ranging from 0 to
400.

2.2. Statistical analysis

All results are expressed as mean± standard er-
ror of the mean (S.E.M.). The standard error of the
mean (S.E.M) was analyzed on these various cases of
the same clinical stage and histological grade. The
immunostaining scores of fascin-1 in colorectal ade-
nomas and adenocarcinomas were compared with the
score in normal colonic epithelia. Statistical analysis
was performed using the Studentt-test between groups
and a p-value of less than 0.05 was considered to be
statistically significant. SigmaState software (Jandel
Scientific, San Rafael, CA, USA) was used to perform
linear regression testing to analyze the relationship be-
tween fascin-1 expression and clinicopathological pa-
rameters.

3. Results

3.1. Clinicopathological characteristics

Among all 91 colorectal adenocarcinoma cases in
the study, there were 51 males and 40 females. The
age distribution ranged from 47 to 75 years with a
mean of 65.5. Other information recorded included
histopathological differentiation, tumor classification,
and staging distributions, which are listed as Table 1.
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Fig. 2. Immunostaining scores of fascin-1 in well differentiated, moderately differentiated, and poorly differentiated colorectal adenocarcinoma.
*Indicates statistical significance in comparison to well differentiated colorectal adenocarcinoma (p < 0.05).

Fig. 3. Clinicopathological correlations with fascin-1 immunostaining scores in colorectal adenocarcinoma. *Indicates statistical significance of
linear regression testing (p < 0.05).

3.2. Fascin-1 expression in colorectal
adenocarcinoma

The immunostaining results of fascin-1 expression
in colorectal adenocarcinoma are summarized in Fig. 1
and Table 1. Non-neoplastic colonic glands (Fig. 1B)
revealed only scattered expression of fascin-1 and the
average immunostaining score was only 0.5± 0.3.

However, fascin-1 immunoreactivity was seen on the
cell membrane and cytoplasm in most colorectal adeno-
carcinoma cases. The fascin-1 immunostaining scores
in well differentiated (Fig. 1D, 88.6± 9.5), moderate-
ly differentiated (Fig. 1F, 101.2± 10.9), and poorly
differentiated (Fig. 1H, 143.5± 12.6) colorectal ade-
nocarcinomas were significantly higher than in normal
colonic tissue. Otherwise, the fascin-1 scores in mod-
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Fig. 4. Hematoxylin and eosin staining of mild dysplastic (4A), moderate dysplastic (4C), and severe dysplastic (4E) colorectal adenomas; and
immunohistochemical analysis of fascin-1 in mild dysplastic (4B), moderate dysplastic (4D), and severe dysplastic (4F) colorectal adenomas.
Original magnification X 400.

erately and poorly differentiated colorectal adenocarci-
noma were significantly higher than in well differenti-
ated ones (Fig. 2).

3.3. The expressions of fascin-1 correlate with
clinical stages

Linear regression testing was performed to ana-
lyze the relationship between fascin-1 immunostaining
scores and clinical TNM stages. The average immunos-
taining scores of fascin-1 were 42.2± 10.3 for stage

T1, 60.0± 11.5 for stage T2, 107.7± 12.2 for stage
T3, and 141.8± 15.3 for stage T4 cases of colorectal
adenocarcinomas. Advanced T stage correlated sig-
nificantly with higher fascin-1 immunostaining scores
(P < 0.05). However, the more advanced M or N
stages of colorectal adenocarcinoma cases did not sig-
nificantly correlate with higher intensities, greater per-
centages of tumor staining and immunostaining scores
of fascin-1 expression. In addition, the immunostaining
scores of various clinical stages of fascin-1 cases were
listed as follows: 45.2± 7.5 for stage I, 82.6± 13.3
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Table 1
The immunostaining patterns of fascin-1 and clinicopatholigcal parameters of colorectal adenocar-
cinomas and non-neoplastic colonic tissues

No. of Average Average Average Correlation
cases intensity % tumor score

Histological grading
Normal colon tissue 9 0.3± 0.1 1.5± 0.7 0.5± 0.3 Positive
Well differentiated 32 1.3± 0.2 58.4± 6.8 88.6± 9.5 correlation
Moderately differentiated 33 1.5± 0.2 63.5± 6.1 101.2± 10.9 (P < 0.05)
Poorly differentiated 26 2.1± 0.3 68.2± 6.5 143.5± 12.6
TNM stage
T stage

T1 10 0.6± 0.1 33.9± 5.9 42.2± 10.3 Positive
T2 4 1.3± 0.2 47.5± 2.5 60.0± 11.5 correlation
T3 48 1.6± 0.2 61.7± 6.3 107.7± 12.2 (P < 0.01)
T4 29 2.1± 0.3 67.8± 5.2 141.8± 15.3

N stage
N0 58 1.4± 0.1 53.6± 5.4 93.1± 11.8 No
N1 26 1.7± 0.2 63.7± 4.1 113.3± 19.1 correlation
N2 7 2.3± 0.4 70.1± 5.3 150.9± 27.4 (P = 0.07)

M stage
M0 78 1.4± 0.2 66.8± 4.4 132.9± 11.0 No correlation
M1 13 2.2± 0.3 69.4± 5.6 150.2± 19.9 (P = 0.11)

Clinical stage
Stage I 13 0.8± 0.1 36.2± 5.5 45.2± 7.5 Positive
Stage II 39 1.4± 0.2 52.5± 6.6 82.6± 13.3 correlation
Stage III 26 1.8± 0.3 65.4± 4.5 132.8± 15.7 (P < 0.05)
Stage IV 13 2.2± 0.3 69.4± 5.6 150.2± 19.9

Fig. 5. Immunostaining scores of fascin-1 in mild dysplastic, moder-
ate dysplastic, and severe dysplastic colorectal adenomas. *Indicates
statistical significance in comparison to mild dysplastic colorectal
adenomas (p < 0.05).

for stage II, 132.8± 15.7 for stage III, and 150.2±19.9
for stage IV. Higher immunostaining scores of fascin-
1 also correlated significantly with advanced clinical
stages (P < 0.05, Fig. 3 and Table 1).

3.4. Fascin-1 expression in colorectal adenoma

The immunostaining results of fascin-1 expression
in colorectal adenomas with various degrees of dyspla-

sia are summarized in Fig. 4 and Table 2. The fascin-
1 immunostaining scores in colorectal adenomas with
mild dysplasia (Fig. 4B, 4.2± 1.3), moderate dyspla-
sia (Fig. 4D, 13.5± 5.3), and severe dysplasia (Fig.
4F, 22.5± 6.7) were significantly higher than in nor-
mal colonic tissue, but lower than in colorectal adeno-
carcinomas. Otherwise, the fascin-1 scores in moder-
ate and severe dysplasia of colorectal adenomas were
significantly higher than in mild dysplasia (Fig. 5).

4. Discussion

In the current study, we demonstrated that fascin-
1 immunostaining scores indeed correlate with tumor
progression and aggressiveness of colorectal adeno-
carcinomas. In addition, fascin-1 is a satisfactory
biomarker to predict the malignant transformation of
colorectal columnar epithelia. This marker may be
valuable in helping the pathologist discriminate be-
tween benign colonic glandular epithelia and malignant
colorectal adenocarcinomas, especially in small lesions
with good differentiation.

Multiple factors (such as familial inherited disease,
genetic mutation, cellular cycle regulator dysfunction,
and imbalances in growth factors) increase the inci-
dence and progression of colorectal cancer [2]. In a
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Table 2
Immunostaining scores of fascin-1 in 22 colorectal adenoma cases

Degree of No. of Intensity % staining Total score T-test*
dysplasia cases

Mild 5 0.6± 0.2 5.3± 0.9 4.2± 1.3 Significant
Moderate 7 0.7± 0.3 15.0± 4.6 13.5± 5.3 difference
Severe 10 1.1± 0.2 16.5± 5.5 22.5± 6.7 (P < 0.05)

*Indicates statistical significance in comparison with normal colorectal glan-
dular tissue (p < 0.05).

recent cell-culture study, intercellular and cell-matrix
adhesion molecules were shown to play important roles
in regulating cell polarity, differentiation, proliferation,
migration and invasion in colorectal cancer [23]. Up-
regulation of fascin in tumor cells may be associated
with defects in cell adhesion and may increase the risk
of tumor progression [8]. However, further studies are
needed to investigate the mechanisms between fascin-
1 expression and carcinogenesis in colorectal carcino-
mas [25].

In our study, all tumor tissues were placed in a single
tissue-array slide. The tissue microarray technique is
a powerful tool for simultaneous histological and im-
munohistochemical evaluation of tumors [26]. Previ-
ous studies measuring immunohistochemical intensity
of individual cases were limited because of the vari-
ability of the chemical signal generated under different
environmental conditions [26]. Recent results support
the reliability of immunohistochemistry conducted on
tissue microarray slides [26]. In our study, the clear cut
difference in fascin staining between colonic adenocar-
cinoma tissue and normal glandular epithelia validated
the use of tissue microarray slides.

Fascin-1, a 55-kDa globular protein, causes the ag-
gregation of F actin into parallel bundles, which rear-
ranges the cytoskeleton and promotes cellular motili-
ty [9,27]. The gene encoding fascin-1 in humans is
located at chromosome 7q22 [24]. In normal epithe-
lia of the biliary duct, breast, colon, ovary, pancreas
and stomach, the expression of fascin-1 is often scat-
tered or completely negative [24]. In contrast, higher
expression of fascin-1 in lung, gastric, esophageal and
breast carcinomas had been shown to correlate with
poor prognosis and/or to decrease survival time [17,
18,28–30]. However, in colorectal cancer, the utiliza-
tion of fascin-1 over-expression as a molecular mark-
er to predict the clinical outcome is still lacking [25].
Our results clearly demonstrated that the expression of
fascin-1 is effective in predicting tumor behavior, such
as tumor progression, invasion, and malignant transfor-
mation of colorectal epithelial-derived tumors.

In conclusion, higher fascin-1 scores were correlated
significantly with more advanced TNM stages of col-

orectal carcinomas. Although there are still unknown
mechanisms in tumor progression, we demonstrated
that fascin-1 is an applicable biomarker to predict clin-
icopathological parameters. Therefore, the develop-
ment of effective pharmacological agents to target the
fascin-1 pathway may prolong survival time and slow
tumor progression in patients with colorectal adenocar-
cinomas.
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