
Abstract. Background: Maspin, a member of the serpin family
of protease inhibitors, is known to be a tumor suppressor.
Although the relationship between its expression and biological
significance has been investigated in several types of cancer, the
clinicopathological significance of maspin expression in colorectal
cancer has not been fully elucidated. Materials and Methods: The
expression of maspin in colorectal adenocarcinomas from 104
patients (T1, T2: 20 patients, T3, T4: 84 patients) was investigated
using immunohistochemical methods and the extent of tumor
budding was evaluated. Results: The expression of maspin was
observed in 66% (69 of 104) of colorectal adenocarcinomas and
was significantly correlated with the depth of invasion
(p<0.0001), higher Dukes’ classification (p<0.0001) and high-
grade tumor budding (>9 foci in a field) (p=0.0001); however,
no significant correlation was noted concerning lymph node
metastases, vascular invasion and tumor differentiation. The
intensity of immunostaining was most strongly observed at the
invasion front, especially at the site of tumor budding. Conclusion:
These results suggest that the expression of maspin may correlate
with the aggressiveness of colorectal adenocarcinomas.

Maspin is a unique member of the serpin superfamily and is
located on chromosome 18q21.3-q23, a region of frequent loss
of heterozygosity in colorectal cancer (1, 2). Maspin was
originally described as a tumor suppressor gene inhibiting cell
motility, invasiveness and metastases (1). However, the
correlation between the expression of maspin and worse
prognoses has been reported in cancers of the ovary (3), breast
(4, 5) and lung (6). Little is known about the expression and
function of maspin and its association with clinicopathological
parameters in colorectal cancer. In this study, the frequency of

maspin expression and its correlation with clinicopathological
factors in colorectal adenocarcinomas was investigated using
immunohistochemical methods. 

Materials and Methods

Specimens. The patient specimens (n=104) examined in this study
was retrieved from the surgical pathology files of the Department
of Tumor Pathology, Kagoshima University Graduate School of
Medical and Dental Sciences, Japan. The average age of the
patients was 73.1 years (range: 50-94 years). All tumors were
histologically diagnosed as adenocarcinoma according to the WHO
classification, and tumor stage was determined based on the TNM
classification system (7). All patients except four underwent lymph
node dissection, as well as tumor resection.

Immunohistochemistry. Specimens were fixed in 10% neutrally-
buffered formalin and embedded in paraffin. A representative
block from each case containing an adequate amount of tumor
tissue and normal colorectal epithelium was selected. After
blocking endogenous peroxidase activity, deparaffinized sections
(3-Ìm thick) were pre-treated in 10 mM citrate buffer (pH 6) by
microwaving (500W, full power) for 15 min. After cooling for 60
min, the sections were incubated with primary antibodies overnight
at 4ÆC in a moist chamber. The primary antibodies used were
monoclonal anti-human maspin antibody (clone EAW24;
Novocastra, Newcastle-upon-Tyne, UK) diluted 1:200. The sections
were incubated with biotinylated goat anti-mouse immunoglobulin
(diluted in 1:150; Vector Lab., Burlingame, CA, USA) for 15 min,
followed by horseradish peroxidase-conjugated streptavidin
complex for 10 min (diluted 1:100; Zymed, San Francisco, CA,
USA). To visualize immunoreactivity, diaminobenzidine
tetrachloride containing 0.1% hydrogen peroxidase (30% w/v) was
used. A negative control was performed using non-immune serum
instead of the primary antibody. The cells were considered positive
only when moderate/strong cytoplasmic staining was identified. At
least 3 areas with the highest degree of positive cells were selected
and counted, and the percentage of positive cells was estimated
semiquantitatively under light microscopy. Tumors with more than
10% of positive cells were considered as maspin-positive. Breast
carcinoma tissues, previously identified as strongly positive for
maspin, were used as positive controls (4).

Tumor budding. The presence of tumor budding was determined
according to criteria proposed by Ueno et al. (8), wherein budding
is defined as an isolated single cancer cell or a cluster composed of
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fewer than five undifferentiated cancer cells appearing to bud from
a large cancer gland at the invasive front. High-grade tumor
budding was defined as >9 foci in a field (x20 objective lens) (8).

Statistical analysis. All statistical analyses were performed using the
Dr. SPSS software package (Release 8.0J; SPSS Japan Inc., Tokyo,
Japan). Chi-square analysis was used to calculate the significance of
differences between maspin-positive and -negative groups. The cut-
off for significance was taken as p=0.05.

Results

The immunoreactivity of maspin was cytoplasmic in carcinoma
cells, and stromal fibroblasts and inflammatory cells were
negative for maspin (Figure 1). The staining pattern within
specimens was heterogeneous, with both positively- and
negatively-stained cells evident in the tumor foci. The intensity
of immunostaining was most strongly observed at the invasion
front, especially at the site of tumor budding (Figure 2).
Normal colonic or rectal epithelium showed negative staining
or focal and patchy immunoreactivity for maspin with faint to
mild staining intensity. The expression of maspin in carcinoma
cells was found in 69 (66%) out of the 104 cases. There was
significant association between the expression of maspin and
the depth of invasion (p<0.0001), higher Dukes’ classification
(p<0.0001) and high-grade tumor budding (>9 foci in a field)
(p=0.0001) (Table I). No significant association was observed
concerning lymph node metastases, vascular invasion or tumor
differentiation. 

Discussion

Maspin was introduced as a tumor suppressor gene of breast
and prostate cancer because it inhibited cell motility,
invasion and metastases (1, 9). However, contrasting data
exist as to whether its acquisition or its loss facilitates tumor
progression in human breast cancer (4, 10-12). In addition,
there have been several reports suggestive of a significant
relationship between cytoplasmic maspin expression and
clinical aggressiveness in cancer of the ovary (3), breast (4,
5), stomach (13), pancreas (14), non-small cell lung (6) and
thyroid (15). On the other hand, only three reports have
investigated the correlation between maspin expression and
colorectal cancer (16-18). Song et al. first reported cytoplasmic
maspin expression in 49 colonic adenocarcinomas, but no
photographs of immunostains were shown and it is unclear
whether a monoclonal or a polyclonal antibody was used (16).
Boltze et al. investigated cytoplasmic maspin expression in a
large number of colorectal cancers (17), but they used tissue
microarray analysis which may be less sensitive than whole
tissue analysis in the case of immunohistochemistry with a
heterogeneous staining pattern. We have previously reported
that maspin mRNA was not detected in the large intestine of
rats by Northern blotting analysis (18). It has been reported

that very low or nearly absent levels of maspin mRNA were
detected by relative quantitative real-time PCR analysis in
normal colorectal epithelium (19). In this study, normal
colorectal epithelium showed negative staining or focal and
patchy immunoreactivity for maspin with faint to mild
staining intensity, consistent with Song et al. (16) and
Bettstetter et al. (19). The proportion of positively-staining
adenocarcinoma in our study was 66% (69 out of 104),
similar to the report of Boltze et al. (69%, 193 out of 280)
(17), but lower than that of Song et al. (75.5%, 37 out of 49)
(16). To our knowledge, it was revealed for the first time
that the cytoplasmic expression of maspin correlated with
the depth of invasion (p<0.0001) and higher Dukes’
classification (p<0.0001). Isolated single cancer cells and a
cluster composed of fewer than five cancer cells have been
defined as ‘tumor budding’(18). These scattered foci are
observed in the stroma of the actively invasive frontal
region, and high-grade ‘tumor budding’ (>9 foci in a field)
was suggested to be an adverse prognostic indicator in
patients with colon carcinoma (8, 20). In our study, the
intensity of maspin immunostaining was most strongly
observed at the invasion front, especially at the site of tumor
budding, and there was a positive association between
maspin expression and high-grade tumor budding (>9 foci
in a field). Bettstetter et al. (19) also reported that maspin
expression was frequently found at the invasion front of
colorectal cancer, however, this was nuclear maspin
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Table I. Association between expression of maspin in colorectal carcinoma
and clinicopathological factors.

Maspin expression

Positive Negative p-value

Depth of invasion
T1, T2 3 17 <0.0001
T3, T4 66 18

Lymph node metastases
present 34 11 0.287
absent 35 20

Vascular invasion
present 45 19 0.278
absent 24 16

Differentiation
well 41 27 0.198
moderate 24 7
poor 4 1

Tumor budding
present 23 0 0.0001
absent 46 35

Dukes' classification
A 2 11 <0.0001
B 34 9
C 33 11
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Figure 1. Cytoplasmic immunohistochemical staining for maspin in colonic adenocarcinoma. Normal colonic mucosa is unstained. 

Figure 2. Representative immunohistochemical staining for maspin in tumor budding of colonic adenocarcinoma. Stromal cells are unstained. 



expression, not cytoplasmic. Although a larger series and
follow-up study are needed, our investigation suggested that
cytoplasmic maspin expression may be correlated with the
aggressive phenotype in colorectal cancer.
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