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Background : Maspin is a serpin family of protease inhibitors. Althouth maspin has been considered a
tumor suppressor that inhibits the motility, invasion, and metastasis of breast and prostatic cancer cells, there
are many conflicting reports about maspin expression and cancer prognosis.

Methods : To investigate whether the expression of maspin could be used as a prognostic marker in
pancreatic cancer, 72 paraffin-embedded pancreatic ductal adenocarcinomas were analyzed using immuno-—
histochemistry. We examined the prognostic value of maspin as well as its relationship with clinicopatholo—
gical features.

Results : Maspin expression was observed in all pancreatic ductal adenocarcinoma. Unlike cancer
tissues, however, faint or no expression was observed in the corresponding normal pancreatic tissues. In the
Cox proportional hazard model, high maspin expression predicted a high hazard rate. Maspin expression had
a positive correlation with tumor stage, but there were also no statistically significant relationships between
maspin expression and other clinicopathological features.

Conclusion :

These findings suggest maspin expression to have biological relevance in the progression of

pancreatic cancers, with potential use as a prognostic marker for pancreatic neoplasm with epithelial origin.
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INTRODUCTION

Maspin (mammary serine protease inhibitor) is a recently
identified protein related to the serpin family of protease
inhibitors. Maspin expression is detected in normal breast
epithelial cells, but is decreased or absent in tumor cells”.
Maspin has been known to inhibit tumor cell invasion and
metastasis in breast tumor cells’. Pemberton et al. suggested
that the down-regulation of maspin may be involved in
carcinomas other than in the breast’. But Maass et al.
observed that pancreatic cancer revealed different patterns of
maspin gene expression from those in breast, prostate, sto—
mach, small intestine, colon, uterus, kidney, and skin cancer
cells”. Although, at present, the molecular and biological me-
chanisms of maspin’s functions are unknown, some evidence

suggest maspin play a role in pancreatic cancer progressionﬂ.

To the best of our knowledge, there have been no reports
concerning maspin - expression and its relationship with
prognosis in pancreatic cancer. This study was conducted to
determine whether the level of maspin expression measured
in primary tumors from patients with pancreatic cancers was
associated with known prognostic factors and patients’ survival.

MATERIALS AND METHODS

1. Patients and tissue samples.

Data on 72 pancreatic ductal adenocarcinoma patients had
undergone successful resection surgery between 1995 and
September 1999 at the Samsung Medical Center were collec-
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ted. The median age of the patients at the time of operation
was 59.8 years (range: 16 to 79 years). There were 43 male
and 29 female patients. The median period of follow-up was
126 months (range; 1-66.2 months). Follow-up data were
gathered by chart review and prior yearly contact with the
patients or the responsible physicians. The patients’ outcomes
were verified and updated through the medical record
departments of the Samsung Medical Center, as well as
through contact with the municipal governments for death
certificates when appropriate. The vital statuses of the patients
were also determined at the date of the last follow-up while
the cause of death was ascertained from the medical record
and/or death certificate. The cause of death was classified as
secondary to or unrelated to pancreatic cancer. Fifty—six
(77.8%) patients died and 16 patients were still alive during
the follow-up periods. Twenty-six patients received adjuvant
chemotherapy. The most representative paraffin-embedded
blocks were chosen for immunohistochemistry by a patholo-
gist. All tumors were staged according to the staging system

of the American Joint Committee on Cancer®.

2. Immunohistochemistry

A representative block from each case contained both
adequate amounts of tumor tissue and benign non-tumor
epithelial cells. 4-um-thick sections were made, after which
they were deparaffinized, and rehydrated. For antigen
retrieval, the sections were pretreated in an 800-W microwave
oven in a 10 mM citrate buffer, (pH 6.0) for 10 minutes. The
primary antibody against maspin (Pharmingen, San Diego, CA,
1:3,000) was applied to the sections for one hour. Then, the
sections were incubated with secondary avidin—biotin-complex
(LSAB kit, Dako, CA). Diaminobenzidine was used as the
chromogen, and hematoxylin as the counterstain. Negative

controls were obtained by omitting the primary antibody, while
benign breast parenchyma served as the external positive
control. The cells were considered positive if granular cyto—
plasmic/nuclear or cytoplasmic staining was observed®. The
total scores were calculated using quick score, where both
the proportion and intensity of the cells stained were estima-—
ted. This method was also used in breast cancer for scoring
the immunostaining signals for the estrogen and progesterone
receptors. The proportions were scored as 0 (0), 1 (less than
1/100 of tumor cells), 2 (1/100 to 1/10 of tumor cells), 3 (1/10
to 1/3 of tumor cells), 4 (1/3 to 2/3 of tumor cells), or 5 (more
than 2/3 of tumor cells), while the intensity was measured as
0, 1, 2, or 3, corresponding to no staining, weak, moderate,
and strong staining, respectively.

3. Statistical analysis

A Cox proportional hazards model for the risk ratio was
used to assess the simultaneous contribution of the baseline
covariate (age, sex, CA19-9, tumor size, location, ECOG
performance, state of tumor differentiation, stage, adjuvant
chemotherapy, and maspin). The correlation between the total
score of maspin expression and clinicopathological features
(age, sex, CA19-9, performance, tumor size, location, and
state of tumor differentiation) was determined by the Spear—
man'’s rank correlation. A probability of p<0.05 was considered
statistically significant.

RESULTS

The immunoreactivity of maspin was mainly in cytoplasmic
staining, with some in nuclear staining. Maspin expression
was observed in all pancreatic ductal adenocarcinoma (Figure

Figure 1. Immunohistochemical staining for maspin. (A) Invasive ductal adenocarcinoma of the pancreas with strong cytoplasmic staining
of the tumor cells was shown (H&E, X100). (B) Normal pancreatic tissue of the control cases with negatively stained acinar and ductal
cells was shown (H&E, X100).



Table 1. Cox-proportional Hazard Model for the Multivariate
Analysis of Prognostic Factors in Pancreatic Cancer

p value
Maspin (quick score 5, 6, 7, 8) 0.022
CA19-9 (normal; 0-37 U/mL) NS
Size, Age, Sex and Adjuvant chemotherpay NS
Location (head, body&tail) NS
Differentiation  (well, moderate, poor) NS
Stage (I, Il, lll, IV) NS
Performance (ECOG 0-4) NS

NS, not significant

1A) (72/72; 100%). All the pancreatic ductal adenocarcinoma
had from five to eight quick scores. Unlike in cancer tissues,
corresponding normal pancreatic tissues showed faint or no
expression (Figure 1B). Maspin expression correlated positively
with increased stages of pancreatic cancer tissue (stage 1313,
stage 1I;21, stage 1I1;13, stage 1V; 25) (p=0.04) (Figure 2).

Multivariate analysis was performed according to the Cox
proportional hazard model to evaluate the prognostic value
of maspin expression after adjustment for other prognostic
factors (Table 1). Maspin expression was an unfavorable
prognostic factor for patients with pancreatic cancer indepen—
dent of the stage and other dlinicopathological features (p=0.022).
According to the results, high maspin expression predicted a
high hazard rate. However, other clinicopathological parameters
such as age, sex, CA19-9, tumor size, location, ECOG
performance, and state of tumor differentiation had no
significant correlation with maspin expression.

DISCUSSION

Maspin is a 42 kDa protein with a sequence related to
several members of the serpin (serine protease inhibitor)
superfamilyg’m. The maspin gene was originally isolated from
normal mammary epithelium by subtractive hybridizationg).
Maspin mRNA was also detected in a variety of organs, and
immunostaining for maspin displayed expressions in the nor-
mal prostate, stomach, small intestine, colon, pancreas, uterus,
kidney, and skin”. In cultured human mammary myoepithelial
cells, maspin is predominantly a soluble cytoplasmic protein
that associates with secretory vesicles and is present at cell
surfaces”. The maspin gene has been localized to chromo-
some 18g21.3-g23 within the same region as the plasminogen
activator inhibitor-2 gene (PAI-2), the tumor suppressor gene
DCC, SCCA1+2, and BCL-2 gene' .

Althouth maspin has been considered a tumor suppressor
that inhibits the motility, invasion, and metastasis of breast
and prostatic cancer cells, there are many conflicting reports
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Figure 2. Positive correlation between maspin expression
and AJCC stage. High maspin expression was seen in ad-
vanced stage. p value=0.04.

about maspin expression and cancer prognosis.

Since maspin has been known to be regulated at the
transcriptional Ievel3), there are some reports about maspin
mRNA expression and cancer. In most human breast cancer
cells, maspin mMRNA is low or absent although the maspin
gene is rarely rearranged or deleted"”. Nevertheless, silencing
of the maspin gene is observed and the aberrant cytosine
methylation and heterochromatinization of maspin promoter is
thought to be responsible for silencing the maspin gene3’.

But Luppi et al. obtained results different from the results
above. They reported that RT-PCR for maspin mRNA was a
sensitive assay for the study of circulating potentially neoplastic
mammary cells in patients with breast cancers and suggested
an association between the presence of circulating maspin
positive cells and a higher risk of disease progressionm.
Another study by Oh et al. also showed that immunorectivity
for maspin was higher in lymph node—-positive breast carcino—
mas than in lymph node-negative carcinomas'®.

To evaluate the expression of maspin and its relationship
with prognosis in pancreatic cancer, we used a paraffin
embedded block. We did not examine maspin mRNA expre—
ssion by Northern blot or RT-PCR. Thus, the possibility of
detecting a maspin-like protein homologous to maspin by
immunostaining could not be excluded, and objective quan-
titative assays, such as Northern blot and real time RT-PCR,
were not combined. This was a major limitation of our study.

In our immunohistochemistry study, maspin expression
was not observed in normal pancreatic tissues, but pancreatic
tissues showed increased immunoreactivity with worse pro—-
gnosis. These results suggested that maspin expression wasis
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upregulated at the pancreatic neoplasm with malignant poten-
tial, in contrast to breast and prostate carcinomas, consistent with
the results by Maass et a’. In their study, maspin was
expressed in 23 of 24 pancreatic tumor specimens, while no
expression was observed in all normal pancreatic tissues
using Northern blot analysis and immunohistochemistry‘”.

Although maspin is a serpin family of protease inhibitors,
maspin has been known not to have protease-inhibiting
activityz' ¥ Most protease inhibitors have the ability to prevent
tumor invasion and metastasis'. According to a study by
Hall, increased maspin expression was combined with aberrant
proteinase expression, extracellular matrix degradation, and
tumor cell locomotion, with a potential to lead to invasive
metastatic cancer'”.

Types of human cancer known to have prognostic correla—
tion with maspin expression are mammary carcinoma and oral
squamous cell carcinoma. High tumoral maspin expression is
associated with improved survival of patients in these can—
cers™ ™. In contrast to the observations that maspin suppre-
ssed the invasion and metastasis of human cancer, we found
that all of the pancreatic ductal adenocarcinomas were
positive for maspin and that there was a significant positive
correlation between maspin expression and clinical stage.
Furthermore, high maspin expression predicted unfavorable
prognosis according to the Cox proportional hazard model.

QOur study suggested maspin expression to have biological
relevance in the progression of pancreatic cancers, with
potential use as a prognostic marker for pancreatic neoplasm
with epithelial origin.
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