
Abstract. Maspin is a member of the serpin family, whose
expression is altered in neoplasia and malignancies of many
tissues. Underexpression of maspin has been reported in breast
and prostatic cancers, but in some cancers such as ovarian,
colorectal and pancreatic carcinoma, it was found to be up-
regulated. This study aimed at demonstrating the expression
of maspin in human endometrial tissue and searching for
any altered expression in endometrioid adenocarcinoma of
the endometrium compared to normal endometrium. The
expression level of the maspin gene was studied using
reverse transcriptase-polymerase chain reaction (RT-PCR)
performed on RNA extracted from 34 endometrial cancer
samples (including 24 with FIGO stage I disease and 10
with FIGO stage III disease) and 28 normal endometrium
in proliferative or secretory phases. Immunohistochemical
staining was also performed on 10 cases of endometrial
cancer (6 FIGO stage I cases and 4 FIGO stage III cases) as
well as 15 normal endometrium. Semi-quantitative RT-PCR
revealed that the expression of maspin was significantly
up-regulated in both stage I (p<0.01) and stage III (p<0.01)
endometrial cancer compared with normal endometrium.
However, no significant difference in maspin expression
was demonstrated between stage I and stage III endometrial
cancer. Immunostaining of all tissue sections revealed an
immunopositive signal in the nuclei of the normal or cancerous
endometrial glandular cells. In 60% of the cancer cases,
cytoplasmic staining was also evident. Our results suggested
that there is up-regulated expression of maspin in endometrioid
endometrial adenocarcinoma. Cytoplasmic immuno-expression
of maspin is common in endometrial cancer. It may play a
role in the malignant transformation of human endometrial
tissue.

Introduction

Maspin (mammary serine protease inhibitor) is a tumour
suppressor gene which belongs to the serpin family. The
gene is mapped to chromosome 18q21.3. It encodes a 3.0-kb
mRNA transcript that translates into a 42-kDa protein (1).
It has been shown to have tumour-suppressing function by
its inhibitory actions on motility, invasion, metastasis and
angiogenesis in human breast and prostatic cancers (1,2).
Maspin was originally identified from mammary epithelium
by subtractive hybridization in normal mammary epithelium
and mammary cancer tissue (3). 

It has been demonstrated that maspin is present in the
epithelium of several normal human organs (such as prostate,
thymus, testis, small intestine, and colon) and particularly in
the myoepithelium of breast tissue, in which it is predominant.
However, it is down-regulated during cancer progression. Its
expression decreases with increasing levels of malignant
behaviour. It also functions as an inhibitor of angiogenesis.
Its down-regulation is regulated at the transcription level.
The re-expression of maspin by pharmacological intervention
may also be a potential therapeutic option (1-4). 

However, other findings showed that maspin was para-
doxically overexpressed in pancreatic cancers (5) and ovarian
cancers (6), whereas it is not or minimally expressed in normal
pancreatic and ovarian epithelium.

To date, there are no published reports in the literature
evaluating the expression and role of maspin in endometrial
cancer. Thus, we conducted this study to investigate the
expression of maspin in endometrial cancer in comparison to
normal endometrium. We also studied the correlation between
maspin expression and the clinical staging of the disease,
which might be of prognostic significance. We limited our
study only to endometrioid adenocarcinoma, which is the
most common histological subtype of endometrial cancer.

Materials and methods

We studied the expression of maspin using reverse tran-
scriptase-polymerase chain reaction (RT-PCR) and immuno-
histochemistry.

Specimen collection. Frozen tissue sections on 34 cases of
endometrioid endometrial adenocarcinoma (24 FIGO stage I
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cases and 10 FIGO stage III cases) and 28 cases of normal
endometrium (including both proliferative and secretory endo-
metrium but excluding atrophic endometrium) were collected
and prepared at the Department of Obstetrics and Gynaecology,
Prince of Wales Hospital, Hong Kong. Formalin-fixed paraffin-
embedded tissues of normal endometrium and endometrial
carcinoma were also collected from the Department of
Obstetrics and Gynaecology and the Department of Anatomical
and Cellular Pathology, Prince of Wales Hospital. They incl-
uded 10 cases of endometrioid endometrial adenocarcinoma
(6 FIGO stage I cases and 4 FIGO stage III cases) and 15
normal endometrium including 5 cases each of proliferative
endometrium, secretory endometrium and atrophic endo-
metrium. The histological diagnosis in all cases was confirmed
by a qualified gynaecological pathologist (M.M.Y.Y.) and
the clinical information including FIGO staging was retrieved
from the patients' clinical records. The research protocol was
approved by the Clinical Research Ethics Committee, The
Chinese University of Hong Kong. Informed consent was
obtained from the human subjects from whom tissue samples
were collected.

RT-PCR. Manual micro-dissection was performed on the
frozen tissue sections to obtain purified endometrial glandular
tissue. Total cellular RNA was extracted using the RNeasy
mini kit (Qiagen Inc., CA, USA) according to the manu-
facturer's protocol. From each case, 1 μg of extracted RNA
was subjected to reverse transcription using the SuperScript II
reverse transcriptase kit (Invitrogen Corporation, CA, USA). 

A cDNA (1 μl) sample synthesized from each case was
then amplified by polymerase chain reaction (PCR) using
specific primers and PCR conditions as listed in Table I.
Normal human breast tissue cDNA was used as positive

control. Negative control was set up by replacing the cDNA
sample with water. The PCR products were electrophoresed on
2% agarose gels stained with ethidium bromide, and analyzed
using the Gel Doc 1000 system (Bio-Rad Laboratories, CA,
USA) with the band intensities quantitated in an arbitrary unit.
The 18S rRNA housekeeping gene was used for normalization
of RNA quantity in each case. 

Immunohistochemistry. Serial 5-mm sections were made from
the formalin-fixed paraffin-embedded tissue. The sections were
de-waxed in xylene and rehydrated through graded alcohol and
then in tris-buffered saline (TBS). Endogenous peroxidase was
blocked using 3% hydrogen peroxide for 5 min. For antigen
retrieval, the sections were heated to boil in a microwave
oven in 0.01 M sodium citrate buffer and cooled to room
temperature. Non-specific binding was blocked by incubating
the sections with Protein Block Serum-Free (Dako Corp.,
CA, USA) for 15 min. Immunohistochemistry was performed
using a mouse anti-human maspin antibody (Pharmingen,
San Diego, CA, USA). The optimal antibody dilution was
determined to be 1:200 in a preliminary trial experiment.
After incubation with the primary antibody for 90 min, the
sections were then incubated with a secondary link antibody
followed by peroxidase-conjugated streptavidin (Dako LSAB+
kit; Dako Corp.) for 20 min each. TBS was used as the wash
buffer. The peroxidase reaction was performed by incubating
with diaminobenzidine-hydrogen peroxide (Liquid DAB-Plus
substrate kit; Zymed, CA, USA) for 5 min. The sections were
lightly counterstained with haematoxylin, dehydrated in graded
alcohol, cleared in xylene, and mounted. 

The sections were examined under medium (x200) and
high power (x400) light microscope. Assessment of maspin
immunostaining was semi-quantitative and was scored with
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Table I. Primers and PCR conditions used in the semi-quantitative RT-PCR analysis.
A, Primers used.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene product Primers Product size (bp) Reference
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Maspin Forward 5'-CCA CAG GCT TGG AGA AGA TTG A-3' 338 6

Reverse 5'-GGT CAG CAT TCA ATT CAT CCT TGT-3'

18S rRNA Forward 5'-GTA ACC CGT TGA ACC CCA TT-3' 131 22
Reverse 5'-CCA TCC AAT CGG TAG TAG CG-3'

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

B, PCR conditions.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene Cycle No. of Final MgCl2 Primer  Taq DNA  dNTP 
product conditions cycles extension concentration concentration polymerase concentration

(μM )a (μM )a (Units)a (μM )a

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Maspin 94˚C x 60 sec 40 72˚C x 4 min 1.5 0.4 0.8 0.2

60˚C x 150 sec
72˚C x 60 sec

18S rRNA 94˚C x 20 sec 35 72˚C x 4 min 2.0 2.0 1.0 0.2
62˚C x 30 sec
72˚C x 30 sec

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aConcentrations of reagents in a final reaction volume of 20 μl. Each reaction mixture also contained 2 μl of 10X PCR buffer and 2 μl of the
respective cDNA sample.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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respect to relative intensity on an arbitary scale (0, no staining;
1, weak; 2, moderate; and 3, intense) as well as the percentage
of immuno-positive cells estimated and graded as follows:
0, 0-25%; 1, 26-50%; 2, 50-75%; and 3, 76-100%. The
immunoreactive score for each case was the sum of the two
parameters, which ranged from 0 to 6.

Sections of normal human mammary tissue were used as
positive control. Negative controls were set up by substituting
the primary antibody with TBS.

Statistical analysis. Comparison of the immunostaining scores
and the band intensities from gel electrophoresis of the RT-PCR
products between normal and cancer groups were analyzed
by the Kruskal-Wallis test with Dunn's post-hoc analysis (for
multiple group comparisons) and Mann-Whitney U test (for
two-group comparisons). All analyses were performed by
GraphPad Prism 4 for Windows (GraphPad Software, San
Diego, California, USA). A p-value of <0.05 was considered
as statistically significant. 

Results

Semi-quantitative RT-PCR. The results for 28 normal
endometrium (including both proliferative and secretory
endometrium, but excluding atrophic endometrium) and 34
endometrial cancer (including 24 FIGO stage I cases and 10
FIGO stage III cases) were analysed. A significantly increased
expression of maspin in endometrial cancer compared to
normal endometrium was demonstrated by semi-quantitative
RT-PCR analysis (p=0.0003, Kruskal-Wallis test). One set of
representative results is shown in Fig. 1. Dunn's post-hoc test
revealed that maspin expression in both stage I (p<0.01) and
stage III (p<0.01) cancers was significantly higher compared
to normal endometrium, but there was no significant difference
in maspin expression between stage I and stage III endometrial
cancers (p>0.05). The data are presented in a graph (Fig. 2).

Further analysis was made of maspin expression in well-
differentiated (grade I) and moderately/poorly-differentiated
(grade II and III) endometrial cancer, but no significant
difference was demonstrated (p>0.05, Mann-Whitney U test).
Among the normal endometrium cases, maspin expression in
proliferative and secretory endometrium was also compared,

and again no significance difference was found (p>0.05,
Mann-Whitney U test).

Immunohistochemistry. In normal endometrial tissue, expr-
ession of maspin was localized to the nuclei of the glandular
epithelial cells. Some of the stromal mesenchymal cells were
also positively stained. The level of staining was similar in
proliferative endometrium and secretory endometrium, but
there was reduced immunostaining in atrophic endometrium
(Fig. 3).

In endometrial cancer, positive immunostaining for maspin
was demonstrated in the nuclei of endometrial carcinoma cells
in the majority of cases. In 6 out of the 10 cases, concurrent
distinct cytoplasmic staining was also found (Fig. 4).

The immunostaining signal was semi-quantitated by the
immunoreactive score. There was no significant difference
demonstrated in the immunoreactive score between normal
endometrium and endometrial cancer (p>0.05, Mann-Whitney
U test), but this study was not adequately powered to demon-
strate such a difference, if any, due to the limited sample
size. 

Discussions

Maspin was a gene originally identified in normal breast epi-
thelial tissue. Its expression was found to be down-regulated
in cancers of the breast and prostate, where it functions as a
tumour suppressor gene and inhibits angiogenesis, tumour cell
motility and invasion, enhances cell adhesion, and suppresses
tumour progression and metastasis (2,4). Our recent study
has also shown down-regulated expression of maspin in
gestational trophoblastic diseases (7). However, there were
also reports that up-regulation of maspin was associated with
tumour progression in breast cancer (8-10). On the contrary,
overexpression of maspin has been demonstrated in cancers
of some other tissues such as pancreas (5,11), ovary (6),
stomach (12), colorectum (13), thyroid (14), lung (15,16), and
larynx (17), where it may function as an oncogene instead.
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Figure 1. Representative results from semi-quantitative RT-PCR analysis of
maspin in normal endometrium (NE), stage I endometrial cancer (U1) and
stage III endometrial cancer (U3). The housekeeping gene 18S rRNA was
used as internal control. Up-regulated transcription of maspin was observed
in both stage I and stage III endometrial cancer compared to normal
endometrium. (+ve, positive control using human breast tissue cDNA; -ve,
negative control by omitting cDNA during PCR; M, DNA marker ladder.)

Figure 2. Semi-quantitative RT-PCR analysis of maspin expression in
endometrial cancer and normal endometrium (NE). The relative band
intensity of each gene was quantified as ratios to 18S rRNA. The bars show
the mean and SEM of each respective group. Significantly higher expression
of maspin was found in both FIGO stage I endometrial cancers (CA-I)
(p<0.01) and FIGO stage III endometrial cancers (CA-III) (p<0.01)
compared to normal endometrium. There is no significant difference in
maspin expression between CA-I and CA-III (p>0.05).
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Figure 3. Immunohistochemical staining for maspin in normal endometrial tissue. A, proliferative phase endometrium (medium power); B, secretory phase
endometrium (medium power); C, atrophic endometrium (medium power); D, proliferative phase endometrium (high power); E, human breast tissue as
positive control; F, normal endometrial tissue with omission of primary antibody as negative control. In normal endometrial tissue, nuclear staining is found in
the endometrial glandular cells. Some of the stromal mesenchymal cells are also stained. 

Figure 4. Immunohistochemical staining for maspin in endometrioid endometrial adenocarcinoma. Photomicrograph of a representative case is shown. A,
medium power; B, high power. Concurrent nuclear and cytoplasmic staining are both shown in the cancerous cells.
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To our knowledge, our study (7) was the first report in the
literature on the expression of maspin in endometrial cancer.
We speculated that maspin gene alteration might be involved
in the pathogenesis of endometrial cancer because the
biological behaviour of endometrial cancer resembles that
of breast cancer in many ways. Moreover, the maspin gene
is mapped to chromosome 18q21.3 in close proximity to
the DCC and DPC4 genes, a region of frequent loss of
heterozygosity in endometrial cancer (18). By RT-PCR, we
demonstrated an up-regulated expression of maspin in both
early- and late-stage endometrial cancers compared to normal
endometrial tissue. Significant difference was not demonstrated
in the immunohistochemical sections, probably because of
the small sample size which limited the power of statistical
analysis. Nonetheless, the results from the RT-PCR did infer
a significant up-regulation of the maspin gene transcription
in endometrial cancer. Despite the small sample size, this
study did serve as an important preliminary work that would
prompt further investigations into its pathogenetic role as
well as prognostic significance in endometrial cancer.

The main purpose of the immunostaining in this study
was to localize the expression of maspin in normal and
cancerous endometrial tissue. Nuclear expression was
demonstrated in glandular epithelial cells of normal endo-
metrium, whereas concurrent cytoplasmic expression was
demonstrated in 60% of cases of endometrial cancer. This
finding did agree with most previous reports that, in cancers
where maspin is up-regulated, nuclear localization is usually
associated with better prognosis, whereas cytoplasmic local-
zation is usually associated with more malignant behaviour
or poor clinical prognosis (16). The precise molecular and
biological mechanism of maspin is still not clearly understood
at present, although the role of subcellular localization of
maspin in influencing its function in carcinogenesis has been
repeatedly speculated. This functional regulation of maspin
at the level of subcellular localization may explain the
apparently paradoxical findings of either up-regulation or
down-regulation in different cancers. It has been postulated
that tumour suppression, the normal function of maspin, is
associated with the nuclear-localised maspin, whereas cyto-
plasmic maspin may be the biologically inactive form resulting
from the auto-inhibition of its activity by polymerization.
Thus, an absolute decrease in nuclear expression of maspin,
or a relative decrease in the nuclear/cytoplasmic expression
ratio may promote carcinogenesis (15-17). A study of the
functional assays of maspin activity, which does not currently
exist, is required to delineate the mechanism.

With regard to the underlying molecular action of maspin
in cell invasion and carcinogenesis, it was proposed that
maspin, like some other members of the serpin family, might
act as an inhibitory serpin towards serine protease targets.
Tissue-type plasminogen activator (tPA) and urokinase-type
plasminogen activator (uPA) are two of such serine protease
targets proposed (2). In endometrial cancer, a higher level of
uPA and plasminogen activator inhibitor-I expression
compared to normal endometrium, which increased with
clinical staging, has been found (19). Hence, the plasminogen
activator system may be an effector molecule involved
though further exploration is awaited.

Expression of the maspin gene is thought to be regulated
by both transcription factors as well as epigenetic events (2).
In several cancer types, maspin gene expression was shown
to be activated by wild-type p53, and inversely correlated with
mutant p53 (20,2). In endometrioid endometrial carcinoma, it
has been reported that p53 mutation occurs in ~40% of grade 3
cancers but only 3% of grade 1 and 2 cancers (21). The role
of p53 in regulating maspin expression in endometrial tissue
is hence not clear, but probably it is not an important
regulator in this case. DNA methylation is proposed to be an
important epigenetic regulatory mechanism of maspin
expression, and promoter hypermethylation was found to be
associated with silencing of maspin gene expression (1,2).
No report on this is available in endometrial cancer tissue
and further study of this is certainly deserved.

In conclusion, we presented a preliminary study for the
first time addressing the expression of maspin in endometrial
cancer. The present study demonstrated that there is up-
regulated transcription of the maspin gene in endometrioid
adenocarcinoma of endometrium, with concurrent nuclear
and cytoplasmic expression. Further study is warranted to look
into the underlying mechanisms and prognostic significance.
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