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Maspin (SERPINB5), a serine proteinase inhibitor, was first identified as a potential tumor suppressor on the
basis of its differential expression between normal mammary epithelial cells and human breast carcinoma cell
lines. Recent studies have shown that maspin might be a prognostic tumor marker. Pancreatic ductal
adenocarcinoma acquires maspin expression through hypomethylation of the maspin promoter. However, no
study has investigated the prognostic significance of maspin expression in pancreatic ductal adenocarcino-
mas. In this study, we investigated maspin protein expression in a large series of 223 surgically resected
pancreatic ductal adenocarcinomas using immunohistochemical staining and high throughput tissue
microarrays. Maspin expression was correlated with postoperative survival and other clinicopathologic factors.
Maspin was detected in 209 of these 223 (94% cases) pancreatic ductal adenocarcinomas including 39 (18%
cases) focal (5–50% tumor cells) and 170 (76% cases) diffuse (450% tumor cells). Fourteen (or 6% cases)
pancreatic ductal adenocarcinomas did not show maspin expression by immunohistochemical staining (o5%
tumor cells). Normal ductal epithelium is not labeled with maspin. Overexpression of maspin in pancreatic
ductal adenocarcinoma is associated with worse postoperative survival especially in patients whose tumors
exhibit diffuse expression of maspin. After adjusting other clinicopathologic factors, maspin expression
remains to be an independent adverse prognosticator for postoperative survival. Maspin expression is not
associated with patient age, gender, tumor size, tumor pathologic stage, lymph node status, and vascular
invasion or perineural invasion. Nuclear labeling of maspin is associated with better tumor differentiation
although this staining pattern is not associated with a better prognosis. In addition, maspin overexpression
is also observed in 48% low-grade (grades 1a and 1b) pancreatic intraepithelial neoplasias (PanINs) and 78%
high-grade (grades 2 and 3) PanINs, suggesting that maspin upregulation occurs early during the multi-step
progression model of pancreatic ductal adenocarcinoma.
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Pancreatic ductal adenocarcinoma is the fourth
leading cause of cancer death in the US and about
32 300 patients will die from this disease in 2006.1

The vast majority of patients with pancreatic ductal
adenocarcinoma present with advanced non-resect-
able disease because of the lack of sensitive and
specific tools to screen for early disease. Unfortu-
nately non-surgical treatments such as chemo-
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therapy, radiation therapy, and immunotherapy are
minimally effective for these patients.2 The devel-
opment of early detection and novel treatment
strategies are the keys to improve prognosis. A
better understanding of pathogenesis of this cancer
at the molecular level including identification and
characterization of novel genes involved in the
pathogenesis are essential to achieve these goals.

Several recent studies have shown that a novel
gene, maspin, is overexpressed in the vast majority
of pancreatic ductal adenocarcinomas but not in
normal ductal epithelium.3,4 Maspin (SERPINB5), a
serine proteinase inhibitor, was first identified as a
potential tumor suppressor on the basis of its
differential expression between normal mammary
epithelial cells and human breast carcinoma cell
lines.5 Several studies have demonstrated that
maspin might be a prognostic tumor marker. For
example, high expression of maspin has been
reported to be associated with a better prognosis in
oral squamous cell carcinoma,6 thyroid carcinoma,7

colon adenocarcinoma8 and prostate adenocarcino-
ma,9 whereas in breast carcinoma,10 maspin expres-
sion was associated with a poor prognosis. The data
on lung carcinomas11–13 and ovarian epithelial
carcinomas14–16 have been conflicting. Although it
has been demonstrated that human pancreatic
ductal adenocarcinoma acquired maspin expression
through hypomethylation of the maspin promo-
ter,17,18 little is known about the prognostic signifi-
cance of maspin protein expression in human
pancreatic ductal adenocarcinoma.

In this study, we investigated maspin protein
expression in a large series of 223 surgically resected
pancreatic ductal adenocarcinomas using immuno-
histochemical staining and high throughput tissue
microarrays (TMAs). All these 223 patients under-
went resection (pancreatoduodenectomy, distal pan-
createctomy, or total pancreatectomy) at The Johns
Hopkins Hospital between 1998 and 2003. We
correlated maspin expression with postoperative
survival as well as other clinicopathologic factors
such as patient age, tumor size, tumor differentia-
tion, pathologic stage, lymph node status, vascular
invasion, and perineural invasion.

Materials and methods

Permission to perform this study was obtained from
The Johns Hopkins Institutional Review Board.

Patient Selection

A total of 223 patients who had surgery (Whipple
procedure, distal pancreatectomy, or total pancrea-
tectomy) performed at The Johns Hopkins Hospital
for primary invasive pancreatic ductal adenocarci-
noma between 1998 and 2003 (five cases in 2003)
were included in this study. Clinicopathologic
factors were obtained from patients’ electronic

medical record. The follow-up information was
obtained either from the electronic medical record
and/or hospital tumor registry. Of the 223 patients,
116 were men and 107 were women. They had a
mean age of 66 years at the time of surgery (range
32–89 years).

TMA Construction

TMAs were generated from archival resected cancer
tissue. Each patient’s tumor was represented by
multiple3,4 cores (each core is 1.5mm in size) on
each array to exclude effects of heterogeneous
antigen expression. Normal pancreatic tissue and
non-neoplastic pancreatic tissue from these patients
were also included in these TMAs.

Immunohistochemistry

Unstained 4-mm sections were cut from each TMA
and deparaffinized by routine techniques before
placing in 200ml Target Retrieval Solution, pH 6.0
(Dako, Envision Plus Detection Kit, Carpinteria, CA,
USA) for 20min at 1001C. After cooling for 20min,
slides were quenched with 3% H2O2 for 5min before
incubating with monoclonal antibody to maspin
(dilution 1:50, BD Biosciences PharMingen, San
Diego, CA, USA) for 60min using the Dako Auto-
stainer. Labeling was detected with the Dako
Envision system as per the manufacturer’s protocol.
All sections were counterstained with Giles’
hematoxylin. Cytoplasmic and/or nuclear maspin
labeling was reported as negative (o5% cells
expression), focally positive (5–50% cells), or
diffusely positive (450% cells). Only epithelial
labeling was scored.

Statistical Analysis

Postoperative survival time was calculated as the
time in months from the date of surgery to death (for
non-censored events) or to the most recent contact/
visit (for censored events) as of August 1 or
September 1, 2006. Survival curves were analyzed
by the Kaplan–Meier method, and the differences in
survival curves were compared by the log-rank test
using GraphPad Prism 4.0 software (GraphPad Soft-
ware Inc., San Diego, CA, USA). Other statistical
analyses were performed with SAS software version
9.1 (SAS Institute Inc., Carry, NC, USA). Range and
frequency distributions of all continuous and cate-
gorized variables were examined. The t-test was
used to compare the mean difference in age, tumor
size, survival time, and positive nodes between
groups. Fisher exact or w2 tests were applied to
compare gender, tumor differentiation, tumor stage,
node status, vascular invasion, and perineural
invasion between groups. Multivariate survival
analysis was performed using the Cox propor-
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tional-hazard model. For all these analyses, a P-
value of less than 0.05 was considered statistically
significant.

Results

Patient’s Follow-Up

A total of 223 patients with primary invasive
pancreatic ductal adenocarcinoma who underwent
resection (Whipple procedure, distal pancreatect-
omy, or total pancreatectomy) at The Johns Hopkins
Hospital between 1998 and 2003 were included in
this study. All patients had follow-up until their
death or until their most recent contact or visit
(1 August or 1 September 2006). At the time of the
most recent contact, 39 of 223 patients were still
alive, whereas 184 patients had succumbed to their
disease.

Expression of Maspin was Associated with a Shorter
Postoperative Survival

Of 223 pancreatic ductal adenocarcinomas, 209
(93.7%) showed expression of maspin including
39 focal (5–50% neoplastic cells) and 170 diffuse
(50–100% neoplastic cells) expression. Expression
was strong in the vast majority of the cancers and
moderate in the remaining cases (Figure 1). Fourteen
of 223 (6.3%) pancreatic ductal adenocarcinomas
showed no expression of maspin. Normal ductal
epithelium, acinar cells, and islet cells did not label
for maspin (Figure 1). Analysis of the survival data
revealed that patients whose carcinoma showed no
maspin expression had an overall better survival
than those with maspin expression (median survi-
val: 29.5 months vs 17 months). The difference
between the survival curves was almost reaching
statistical significance (P¼ 0.0533) (Figure 2). Mas-
pin expression was not associated with patient age,
gender, tumor size, tumor pathologic stage, lymph
node status, vascular invasion, or perineural inva-
sion (Table 1).

Patients whose tumors showed maspin expression
by immunostaining were further divided into those
with focal expression (5–50% cells, n¼ 39) and
those with diffuse expression (450% cells, n¼ 170).
Patients whose carcinomas did not express maspin
survived longer than patients whose carcinomas
were diffusely positive for maspin (Figure 3,
P¼ 0.0454). Median survival time for these 14
patients whose tumor showed no maspin expression
was 29.5 months in contrast to only 17 months for
the latter group of 170 patients (P¼ 0.045, Table 2).
With a minimal follow-up of 40 months after surgery
(the shortest follow-up time for those still alive in
the latter group) (the longest follow-up for patients
who were still alive as of August 1 or September 1
2006 is 102 months postoperatively), six of 14
patients (42%) whose tumor showed no maspin

expression were still alive, whereas only 26 of 170
(15%) whose tumor showed diffuse expression were
alive (Po0.05, Table 2). Between these two groups
(no maspin expression vs diffuse maspin expres-
sion), there was no significance difference in patient
age, gender, tumor size, tumor pathologic stage,
lymph node status, vascular invasion, or perineural
invasion (Table 2).

The difference in overall survival between pa-
tients whose carcinomas demonstrated focal
expression of maspin and those whose tumor
demonstrated no maspin expression (Figure 4,
P¼ 0.1601) and that between those with focal
expression and those with diffuse expression
(Figure 5, P¼ 0.5567) were not statistically significant.

Positive Maspin Stain Remains an Independent
Prognostic Marker after Adjusting Other
Clinicopathologic Factors

We have shown that patients whose tumors showed
maspin expression especially those with diffuse
expression have worse postoperative survival than
those whose tumor did not. In order to analyze
whether maspin expression is an independent
prognostic factor for postoperative survival, we
performed multivariate survival analysis using the
Cox-proportional hazards model. A stepwise selec-
tion process with five explanatory variables (number
of positive nodes, tumor differentiation, maspin
expression, patient age, and tumor size) was
performed to conduct the multivariate survival
analysis. As expected, our analysis showed that
age, tumor size, tumor differentiation, and number
of positive nodes were independent prognostic
markers (hazard ratio¼ 1.016, 1.115, 1.667, 1.068,
respectively; P¼ 0.0254, 0.03, 0.001, 0.001, respec-
tively). After adjusting these prognostic markers,
maspin expression is still an independent adverse
prognostic marker for postoperative survival (hazard
ration 2.351, P¼ 0.0146, patients whose tumors
showed diffuse expression; hazard ration 2.433,
P¼ 0.0106, patients whose tumors showed either
focal or diffuse expression).

Nuclear Expression of Maspin is Associated with
Better Tumor Differentiation

Several studies have reported that the intracellular
location of maspin might also have prognostic
significance.16,19–21 Among the 209 cases showing
maspin expression, 27 cases had both cytoplasmic
and nuclear labeling (the percentage of cells with
nuclear labeling ranged from 1 to 50% of the
positive cells with a mean of 8%), and the remaining
182 cases had cytoplasmic expression only.
Although patients whose tumors showed nuclear
staining of maspin in addition to cytoplasmic
staining have longer mean postoperative survival
(24 months) than those with only cytoplasmic
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Figure 1 Immunohistochemical staining of maspin in pancreatic ductal adenocarcinomas and PanINs. About 94% pancreatic ductal
adenocarcinomas are immunohistochemically positive for maspin, the vast majority of them are diffusely positive (a) and a small
percentage of them are focally positive (b). Normal ductal epithelium is negative for maspin (c). A small percentage of carcinomas also
had nuclear staining of maspin in addition to cytoplasmic labeling (d). About 50% low-grade PanINs (PanIN1a—e and PanIN1b—f) and
about 80% high-grade PanINs (PanIN2—g and PanIN3—h) are also immunohistochemically positive for maspin.
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staining (16 months), the difference is not statisti-
cally significant (Figure 6, P¼ 0.1149). The only
clinicopathologic variable strongly associated with
nuclear labeling of maspin is tumor differentiation.
Twenty-one of the 27 (78%) carcinomas with
nuclear expression in addition to cytoplasmic
labeling were well to moderately differentiated. In
contrast, only 92 of 182 carcinomas (50%) with

cytoplasmic maspin labeling only were well to
moderately differentiated (P¼ 0.0072, Table 3). In-
tracellular location of maspin (with or without
nuclear labeling) was not significantly associated
with gender, mean age at the time of surgery, tumor
size, pathologic stage pT, lymph node status,
vascular invasion or perineural invasion (P40.05
for all these parameters, Table 3).

Figure 2 Kaplan–Meier analysis of postoperative survival in
patients whose tumors showed no maspin expression (n¼14) vs
those did (n¼ 209). Patients whose tumors showed expression of
maspin had shorter survival than those whose tumor did not
(P¼ 0.053). Median postoperative survival was 29.5 months in the
former group of patients and 17 months in the latter group of
patients.

Table 1 Comparison of clinicopathologic factors between patients whose tumors showed no expression and patients whose tumors
showed expression of maspin

Clinicopathologic factors Maspin status P-value

No expression (n¼ 14) With expression (n¼ 209)

Postoperative survival at 40 months (%) 6 of 14 (42%) 45 of 209 (21%) 0.095
Median postoperative survival (months) 29.5 17 0.053
Mean age, years, at the time of surgery (range) 68.9711.1 (51–84) 65.5711.2 (32–89) 0.2908
Gender (male:female) 10:4 107:102 0.4143
Mean tumor size, cm (range) 2.871.1 (1.5–5.0) 3.271.6 (1–15.5) 0.2655

Tumor differentiation
Well to moderate 10 112 0.5820
Poor 4 97

Tumor pathologic stage
pT1 0 1 0.5182
pT2 1 5
pT3 13 199
pT4 0 4

Lymph node status
N0 2 36 1.00
N1a 1 34
N1b 11 139

Mean number of positive nodes in all patients, N0 and N1 (range) 4.774.1 (0–15) 4.174.4 (0–25) 0.5989
Mean number of positive nodes in N1 patients (range) 5.573.9 (1–15) 4.974.3 (1–25) 0.6400
Vascular invasion 8 (57%) 99 (48%) 0.2772
Perineural invasion 14 (100%) 195 (94%) 1.00

Figure 3 Kaplan–Meier analysis of postoperative survival in
patients whose tumors showed no expression (n¼14) vs those
showed diffuse expression (n¼170) of maspin. Patients whose
tumors showed diffuse expression of maspin had shorter survival
and the difference is statistically significant (P¼0.0454). Median
postoperative survival was 29.5 months in the former group of
patients and 17 months in the latter group of patients.
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Maspin Overexpression is Present in the Majority of
Pancreatic Cancer Precursors-Pancreatic
Intraepithelial Neoplasia

Invasive pancreatic ductal adenocarcinoma devel-
ops through a multi-step progression through pre-
cancerous lesions called pancreatic intraepithelial
neoplasia (PanIN).22 Maspin expression in the

multi-stage progression of pancreatic ductal adeno-
carcinoma has not been systemically examined.
Therefore, in this study, we also studied 41 PanIN
lesions (23 low-grade PanIN1, 18 high-grade PanIN2
and PanIN3). Among them, 25 (60%) expressed
maspin, and 16 (40%) did not. By histologic grade,
11/23 (48%) low-grade PanIN (1a and 1b) (seven
focal and four diffuse) and 14/18 (78%) high-grade

Table 2 Comparison of clinicopathologic factors between patients whose tumors exhibited no expression of maspin and patients whose
tumors exhibited diffuse expression of maspin

Clinicopathologic factors Maspin status P-value

No expression (n¼14) Diffuse expression (n¼170)

Postoperative survival at 40 months (%) 6 (42%) 26 (15%) 0.01
Median postoperative survival (months) 29.5 17 0.0454
Mean age (years) at the time of surgery (range) 68.9711.1 (51–84) 65.2711.1 (32–89) 0.2522
Gender (male:female) 10:4 86:84 0.4090
Mean tumor size, cm (range) 2.871.1 (1.5–5.0) 3.271.6 (1–15.5) 0.2746

Tumor differentiation
Well to moderate 10 90 0.5811
Poor 4 80

Tumor pathologic stage
pT1 0 1 0.5561
pT2 1 5
pT3 13 161
pT4 0 3

Lymph node status 1.00
N0 2 30
N1a 1 26
N1b 11 114

Mean number of positive nodes in all patients, N0 and N1 (range) 4.774.1 (0–15) 4.274.5 (0–25) 0.6596
Mean number of positive nodes in N1 patients (range) 5.573.9 (1–15) 5.074.4 (1–25) 0.7019
Vascular invasion 8 (57%) 86 (51%) 0.4056
Perineural invasion 14 (100%) 163 (96%) 1.00

Figure 4 Kaplan–Meier analysis of postoperative survival in
patients whose tumors showed no expression (n¼ 14) vs those
showed focal expression (n¼ 39) maspin. Although patients
whose tumors showed focal expression had shorter survival than
those whose tumor did not, the difference is not statistically
significant (P¼0.1601). Median postoperative survival was 29.5
months in the former group of patients and 16 months in the latter
group of patients.

Figure 5 Kaplan–Meier analysis of postoperative survival in
patients whose tumors showed focal expression (n¼39) vs those
showed diffuse expression of maspin (n¼ 170). There is no
difference in the survival between these two groups of patients
(P¼ 0.5567). Median postoperative survival was 16 months in the
former group of patients and 17 months in the latter group of
patients.
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PanIN (2 and 3) lesions expressed maspin (six focal
and eight diffuse) (Figure 1).

Discussion

We investigated maspin expression in a large series
of 223 pancreatic ductal adenocarcinomas. Our
results show that maspin overexpression is observed
in the vast majority of pancreatic ductal adenocarci-

nomas (209 of 223 tumors or 94%) but not in
any normal pancreatic element. The percentage of
pancreatic ductal adenocarcinomas with positive
immunohistochemical staining for maspin in our
study is similar to those reported in previous
studies.3,4,23 In addition, in our study 14 pancreatic
ductal adenocarcinomas did not show maspin
expression and these patients demonstrated longer
postoperative survival than those whose tumor did
exhibit maspin expression (Figure 2). More specifi-
cally, those with no maspin expression had sig-
nificant better survival than those with diffuse
expression of maspin (Figure 3). Our multivariate
survival analysis using the Cox proportional hazard
model showed that maspin expression is an inde-
pendent adverse prognostic marker for postopera-
tive survival after adjusting other clinicopathologic
factors. Expression of maspin was not associated
with other clinicopathologic factors such as patient
age, gender, mean tumor size, lymph node status,
vascular invasion, or perineural invasion.

Maspin is a member of the serpin family of
protease inhibitors.5 Maspin was originally thought
to be a tumor suppressor based on its ability to
inhibit invasion and motility of prostate and breast
cancer cells in vitro5,24 and its strong association
with tumor progression and/or metastasis in some
cancers such as breast cancer,25 prostate cancer,9 and
oral squamous cell carcinoma26 and thyroid cancer,7

and colorectal cancer.8 In ovarian cancer, the data
have been conflicting: two studies14,15 showed that

Figure 6 Kaplan–Meier analysis of postoperative survival in
patients whose tumors showed nuclear in addition to cytoplasmic
expression of maspin (n¼ 27) vs those showed only cytoplasmic
expression of maspin (n¼ 182). Median postoperative survival
was 24 months in the former group of patients and 16 months in
the latter group of patients. The survival between these two
groups of patients is not statistically significant (P¼ 0.1149).

Table 3 Comparison of clinicopathologic factors between patients whose tumors demonstrated nuclear in addition to cytoplasmic
expression of maspin and patients whose tumors demonstrated only cytoplasmic expression of maspin

Clinicopathologic factors Maspin expression status P-value

Nuclear+cytoplasmic (n¼ 27) Cytoplasmic only (n¼182)

Postoperative survival at 40 months (%) 6 (22%) 40 (22%) 0.8056
Median postoperative survival (months) 24 16 0.1149
Mean age in years at the time of surgery (range) 64.0713.0 (38–87) 65.8711.0 (32–89) 0.4931
Gender (male:female) 14:13 94:88 0.8373
Mean tumor size, cm (range) 2.971.0 (1.5–5.0) 3.271.6 (1.0–15.5) 0.2413

Tumor differentiation
Well to moderate 21 91 0.0072
Poor 6 91

Tumor pathologic stage
pT1 0 1
pT2 1 4
pT3 25 174 0.4166
pT4 1 3

Lymph node status
N0 5 31 0.7894
N1a 3 31
N1b 19 120

Mean number of positive nodes in all patients, N0 and N1 (range) 2.872.6 (0–12) 4.374.5 (0–25) 0.1083
Mean number of positive nodes in N1 patients (range) 3.572.5 (1–12) 5.074.5 (1–25) 0.1133
Vascular invasion 9 (33%) 91 (50%) 0.1477
Perineural invasion 25 (93%) 172 (93%) 0.3830
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maspin overexpression is associated with shorter
overall survival, whereas another study16 showed
that only cytoplasmic labeling of maspin is asso-
ciated with a worse prognosis, and high nuclear
labeling was associated with better survival. In lung
cancer, maspin expression has been associated
with a better prognosis,13 worse prognosis,11 or no
association at all.12 In this study, we showed that
maspin overexpression was associated with de-
creased postoperative survival, especially in those
patients whose carcinoma shows diffuse expression
of maspin. Therefore, our finding and those of
others7–9,12–16,25,26 indicate that maspin is a prognos-
tic factor but that its prognostic significance differs
among different types of tumor.

There is some evidence that the subcellular
location of maspin might be important for maspin
function. For example, the presence of nuclear
labeling has been associated with a good prognosis
in breast cancer,19 ovarian cancer,16 and squamous
cell carcinoma of the larynx.20 In contrast, in stage III
colonic carcinomas, nuclear maspin expression was
an adverse prognostic factor for overall survival.21 In
this study, we did observe that patients whose
pancreatic ductal adenocarcinomas showed nuclear
expression of maspin in addition to cytoplasmic
labeling of maspin had longer survival than those
whose tumors demonstrated only cytoplasmic ex-
pression of maspin but the difference does not reach
statistical significance. However, we did observe
that pancreatic ductal adenocarcinomas with nucle-
ar staining of maspin are more likely to be better
differentiated (well to moderately differentiated)
than those without (Table 3). Some have proposed
that nuclear maspin might be the biologic active
form and that cytoplasmic maspin may be inactive,11

but subcellular localization studies have indicated
that maspin is predominantly a soluble cytoplasmic
protein.20 More research is warranted to investigate
the role of nuclear maspin in tumor pathogenesis.

It has been shown that human pancreatic ductal
adenocarcinomas acquired maspin expression
through hypomethylation of the maspin promo-
ter.17,18 Similar mechanism has been reported in
cholangiocarcinoma,27 lung cancer,28 and melano-
ma.29 In contrast, in breast cancer,30 thyroid cancer31

and oral cancer,32 the maspin promoter is reportedly
hypermethylated. The variable prognostic signifi-
cance of maspin and the different molecular me-
chanisms regulating its expression in different types
of tumors suggest that the role of maspin in
tumorigenesis is likely to be tissue/organ-specific,
and that the exact signaling pathway(s) regulated by
maspin might depend on the genetic and epigenetic
background of a specific neoplasm and its specific
microenvironment.33,34

It is known that pancreatic ductal adenocarcino-
ma develops through a multi-step progression
model from low-grade PanIN to high-grade PanIN
to invasive cancer.22 Only one previous study has
addressed maspin expression in a small number of

pre-invasive lesions. In that study,4 none of the eight
PanIN-1 and two PanIN-2 lesions showed expres-
sion of maspin but all seven PanIN-3 lesions did
express maspin. In this study, we investigated
maspin expression in a larger series of 41 PanINs.
We observed that maspin overexpression was not
only in the vast majority of high-grade (78%) PanIN
lesions (PanIN2 and PanIN3) but also in a significant
number (48%) of low-grade PanIN lesions (PanIN1a
and PanIN1b). Molecular studies have shown that
maspin overexpression in pancreatic ductal adeno-
carcinoma is acquired through hypomethylation of
the maspin promoter.17,18 Our result suggests that
hypomethylation of the maspin promoter probably
occurs early in the multi-step progression model of
pancreatic ductal adenocarcinomas.

In summary, in this study we investigated maspin
overexpression in a large series of 223 patients with
surgically resected pancreatic ductal adenocarcino-
mas. We found that overexpression of maspin in
pancreatic ductal adenocarcinoma is associated
with worse postoperative survival especially in
patients whose tumors exhibited diffuse expression
of maspin. After adjusting other clinicopathologic
factors, maspin express is still an independent
adverse prognosticator for postoperative survival.
Nuclear labeling of maspin is associated with better
tumor differentiation although this staining pattern
is not associated with a better prognosis. Maspin
overexpression is also observed in a significant
percentage of precancerous lesions-PanINs, suggest-
ing that maspin upregulation occurs early during the
multi-step progression model of pancreatic ductal
adenocarcinoma.
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4 Maass N, Ueding M, Lüttges J, et al. Expression of the
tumor suppressor gene Maspin in human pancreatic
cancers. Clin Cancer Res 2001;7:812–817.

Novel markers in pancreatic cancer
D Cao et al

577

Modern Pathology (2007) 20, 570–578



5 Zou Z, Anisowicz A, Hendrix MJ, et al. Maspin, a
serpin with tumor-suppressing activity in human
mammary epithelial cells. Science 1994;263:526–529.

6 Yasumatsu R, Nakashima T, Hirakawa N, et al. Maspin
expression in stage I and II oral tongue squamous cell
carcinoma. Head Neck 2001;23:962–966.

7 Boltze C, Schneider-Stock R, Meyer F, et al. Maspin in
thyroid cancer: its relationship with p53 and clinical
outcome. Oncol Rep 2003;10:1783–1787.

8 Boltze C. Loss of maspin is a helpful prognosticator in
colorectal cancer: a tissue microarray analysis. Pathol
Res Pract 2005;200:783–790.

9 Machtens S, Serth J, Bokemeyer C, et al. Expression of
the p53 and Maspin protein in primary prostate cancer:
correlation with clinical features. Int J Cancer 2001;
95:337–342.

10 Umekita Y, Ohi Y, Sagara Y, et al. Expression of maspin
predicts poor prognosis in breast-cancer patients. Int J
Cancer 2002;100:452–455.

11 Hirai K, Koizumi K, Haraguchi S, et al. Prognostic
significance of the tumor suppressor gene maspin in
non-small cell lung cancer. Ann Thorac Surg
2005;79:248–253.

12 Woenckhaus M, Bubendorf L, Dalquen P, et al. Nuclear
and cytoplasmic Maspin expression in primary non-
small cell lung cancer. J Clin Pathol 2006; May 12
[E-pub ahead of print].

13 Nakashima M, Ohike N, Nagasaki K, et al. Prognostic
significance of the maspin tumor suppressor gene in
pulmonary adenocarcinoma. J Cancer Res Clin Oncol
2004;130:475–479.

14 Sood AK, Fletcher MS, Gruman LM, et al. The
paradoxical expression of maspin in ovarian carcino-
ma. Clin Cancer Res 2002;8:2924–2932.

15 Secord AA, Lee PS, Darcy KM, et al. Maspin expres-
sion in epithelial ovarian cancer and associations with
poor prognosis: a Gynecologic Oncology Group study.
Gynecol Oncol 2006;101:390–397.

16 Solomon LA, Munkarah AR, Schump VL, et al.Maspin
expression and localization impact on angiogenesis
and prognosis in ovarian cancer. Gynecol Oncol
2006;101:385–389.

17 Fitzgerald M, Oshiro M, Holtan N, et al. Human
pancreatic carcinoma cells activate maspin expression
through loss of epigenetic control. Neoplasia 2003;
5:427–436.

18 Sato N, Fukushima N, Matsubayashi H, et al. Identi-
fication of maspin and S100P as novel hypomethyla-
tion targets in pancreatic cancer using global gene
expression profiling. Oncogene 2004;23:1531–1538.

19 Mohsin SK, Zhang M, Clark GM, et al. Maspin
expression in invasive breast cancer: association with
other prognostic factors. J Pathol 2003;199:432–435.

20 Marioni G, Blandamura S, Giacomelli L, et al. Nuclear
expression of maspin is associated with a lower
recurrence rate and a longer disease-free interval after

surgery for squamous cell carcinoma of the larynx.
Histopathology 2005;46:576–582.

21 Dietmaier W, Bettstetter M, Wild PJ, et al. Nuclear
Maspin expression is associated with response to
adjuvant 5-fluorouracil based chemotherapy in pa-
tients with stage III colon cancer. Int J Cancer 2006;
118:2247–2254.

22 Maitra A, Fukushima N, Takaori K, et al. Precursors to
invasive pancreatic cancer. Adv Anat Pathol 2005;
12:81–91.

23 Oh YL, Song SY, Ahn G. Expression of maspin in
pancreatic neoplasms: application of maspin immu-
nohistochemistry to the differential diagnosis. Appl
Immunohistochem Mol Morphol 2002;10:62–66.

24 Sheng S, Carey J, Seftor EA, et al. Maspin acts at the
cell membrane to inhibit invasion and motility of
mammary and prostatic cancer cells. Proc Natl Acad
Sci USA 1996;93:11669–11674.

25 Maass N, Teffner M, Rosel F, et al. Decline in the
expression of the serine proteinase inhibitor maspin is
associated with tumour progression in ductal carcino-
mas of the breast. J Pathol 2001;195:321–326.

26 Xia W, Lau YK, Hu MC, et al. High tumoral maspin
expression is associated with improved survival of
patients with oral squamous cell carcinoma. Oncogene
2000;19:2398–2403.

27 Fujisawa K, Maesawa C, Sato R, et al. Epigenetic status
and aberrant expression of the maspin gene in human
hepato-biliary tract carcinomas. Lab Invest 2005;85:
214–224.

28 Yatabe Y, Mitsudomi T, Takahashi T. Maspin expres-
sion in normal lung and non-small-cell lung cancers:
cellular property-associated expression under the
control of promoter DNA methylation. Oncogene
2004;23:4041–4049.

29 Wada K, Maesawa C, Akasaka T, et al. Aberrant
expression of the maspin gene associated with epige-
netic modification in melanoma cells. J Invest Derma-
tol 2004;122:805–811.

30 Dormann FE, Rice JC, Hendrix MJ, et al. Epigenetic
silencing of maspin gene expression in human breast
cancers. Int J Cancer 2000;85:805–810.

31 Boltze C, Schneider-Stock R, Quednow C, et al.
Silencing of the maspin gene by promoter hypermethy-
lation in thyroid cancer. Int J Mol Med 2003;12:
479–484.

32 Murakami J, Asaumi J, Maki Y, et al. Effects of
demethylating agent 5-aza-2(0)-deoxycytidine and his-
tone deacetylase inhibitor FR901228 on maspin gene
expression in oral cancer cell lines. Oral Oncol
2004;40:597–603.

33 Sheng S. Maspin and the order of signaling. Cancer
Biol Ther 2003;2:404–405.

34 Zhang M. Multiple functions of maspin in tumor
progression and mouse development. Front Biosci
2004;9:2218–2226.

Novel markers in pancreatic cancer
D Cao et al

578

Modern Pathology (2007) 20, 570–578


	Prognostic significance of maspin in pancreatic ductal adenocarcinoma: tissue microarray analysis of 223 surgically resected cases
	Main
	Materials and methods
	Patient Selection
	TMA Construction
	Immunohistochemistry
	Statistical Analysis

	Results
	Patient's Follow-Up
	Expression of Maspin was Associated with a Shorter Postoperative Survival
	Positive Maspin Stain Remains an Independent Prognostic Marker after Adjusting Other Clinicopathologic Factors
	Nuclear Expression of Maspin is Associated with Better Tumor Differentiation
	Maspin Overexpression is Present in the Majority of Pancreatic Cancer Precursors-Pancreatic Intraepithelial Neoplasia

	Discussion
	Acknowledgements
	References


