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Abstract: Maspin, a member of the serpin family of protease inhibitors, has been shown to inhibit tumor growth
and suppress metastasis in several malignancies, including lung cancer. Previous studies have reported that p63
and p53 control maspin expression by transactivating the promoter. The present study analyzed immunohisto-
chemical studies to determine the expression and coexpression patterns of maspin, p63 and p53 in non-small cell
lung carcinoma, specifically squamous cell carcinoma and adenocarcinoma. The results showed that 83/86 cases
(96.5%) of squamous cell carcinoma and 82/161 cases (50.9%) of adenocarcinoma included in this study were
positive for maspin. There were 79/86 cases (91.9%) of squamous cell carcinoma and 16/161 cases (9.9%) of
adenocarcinoma with positive expression for p63. In addition, 77/86 cases (89.5%) of squamous cell carcinoma
and 99/161 cases (61.5%) of adenocarcinoma were positive for p53. Maspin, p63 and p53 expression were each
significantly higher in squamous cell carcinoma than adenocarcinoma. Squamous cell carcinomas more highly co-
express maspin and p63, as well as maspin and p53, when compared with adenocarcinomas. The high frequency
of coexpression of maspin and p63, as well as maspin and p53, in squamous cell carcinoma, suggests that p63
and p53 may be involved in the pathway to control maspin expression. Therapeutic targeting on maspin, p63 and
p53 molecules might be beneficial in the management of patients with squamous cell carcinomas of the lung in
the future.
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Introduction

Maspin, a member of the serine protease inhib-
itor (serpin) family, was originally detected in
normal breast epithelial cells [1]. Maspin
expression was previously shown to be down-
regulated as breast epithelial cells progressed
to a higher grade of breast tumor and lost in
metastasis [2]. In contrast, other studies found
that maspin expression was upregulated in
breast, ovarian, and pancreatic carcinoma cells
and only minimally expressed in normal cells
[3-6]. More recently, maspin expression and
clinical significance have been described in
non-small cell lung carcinoma [7-9].

Unlike most of the known protease inhibitors,
maspin inhibits cell invasion by blocking cell
motility and angiogenesis [10, 11]. While mas-

pin is known to function as a tumor suppressor,
the underlying mechanisms of maspin at the
molecular level are still unclear. Zou et al. sug-
gested that p53 upregulates maspin expres-
sion by binding to the maspin promoter after
observing a strong induction of maspin expres-
sion in breast and prostate cancer cells subse-
quent to p53 expression [12]. Transcription fac-
tors Ets, such as Pdef, and Ap1 have also been
reported to transactivate maspin expression
[13, 14]. Another study found that maspin
expression is solely dependent on the presence
of p63 [15].

p63, a homologue of p53, does not act like a
classical tumor suppressor because it is rarely
mutated or deleted in tumors. Instead, it regu-
lates programmed cell death, development and
differentiation [16]. The p63 gene encodes mul-
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Table 1. Immunohistochemical expression and coexpres-
sion of maspin, p63 and p53 in squamous cell carci-
noma and adenocarcinoma of the lung

Squamous Cell Carcinoma Adenocarcinoma

n 86 161
Markers
maspin+ 83" (96.5%) 82 (50.9%)
p63+ 79" (91.9%) 16 (9.9%)
p53+ 77" (89.5%) 99 (61.5%)
maspin+/p63+ 78" (90.7%) 8 (5.0%)
maspin+/p53+ 75" (87.2%) 62 (38.5%)

“P<0.01 in comparison with adenocarcinoma of the lung. +, Positive

included 161 cases of adenocarcino-
ma and 86 cases of squamous cell
carcinoma.

Immunohistochemical analysis

Representative areas of squamous
cell carcinoma and adenocarcinoma
of the lung from the formalin-fixed,
paraffin-embedded specimens were
identified and tissue microarrays were
constructed with two or more repeat-
ed tissue cores (1.0 mm in thickness)

staining.

tiple proteins with remarkably divergent abili-
ties to transactivate p53 reporter genes and
induce apoptosis [17]. It also has been report-
ed that p63 acts as a substitute for p53 in
transactivation of maspin [18], particularly in
lung tumorigenesis [15]. While p63 expression
was not seen in normal lung tissue, it has been
observed in normal bronchial tissue with geno-
mic amplification in the development of squa-
mous cell carcinoma of the lung. Unlike squa-
mous cell carcinoma, genomic amplification of
p63 was not seen in adenocarcinoma [19].

The expression of maspin, p63 and p53 in non-
small cell lung carcinoma has been evaluated
separately. There is, however, limited informa-
tion about the coexpression of maspin and p63
or p53 despite the potential role of p63 and
p53 in transactivating maspin expression. The
aims of this study are (1) to determine the
expression frequency of maspin, p63 and p53
in non-small cell lung carcinoma, specifically
squamous cell carcinoma and adenocarcino-
ma, and (2) to investigate the correlation bet-
ween maspin and p63 expression, as well as
between maspin and p53 expression, in squa-
mous cell carcinoma and adenocarcinoma of
the lung.

Method
Case selection

A total of 247 surgically resected squamous
cell carcinoma and adenocarcinoma of the lung
specimens were collected from the surgical
pathology archives at University of Rochester
Medical Center, Rochester, New York. These
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from individual cases. Sections of

4-um in thickness were cut from the

tissue microarrays and stained with
hematoxylin and eosin to confirm the presence
of the expected tissue histology within each tis-
sue core. Additional sections from the tissue
microarrays were cut for immunohistochemis-
try. Immunohistochemical studies were per-
formed on the tissue microarrays. Tissue sec-
tions from the tissue microarrays were
deparaffinized according to established proce-
dures and rehydrated through graded alcohols.
They were then washed in distilled water and
placed in phosphate buffered saline. Antigen
retrieval was performed by heating sections in
a 99°C water bath with pH 6 Tris buffer or pH 9
EDTA buffer for 20 minutes followed by a brief
cool down period. Slides were then rinsed with
buffered saline for several minutes and placed
on a Dako Autostainer. They were covered with
fresh buffered saline to prevent drying during
staining. All sections were incubated with vari-
ous primary monoclonal mouse antibodies
against maspin (1:500, clone G167-70, BD
Biosciences, San Jose, CA), p53 (1:75, clone
DO-7, DAKO, Carpentaria, CA) and p63 (1:50,
clone BC4A4, Biocare, Concord, CA) at room
temperature. The antibodies were detected
using the Dako Flex HRP detection kit and
counterstained with Dako Flex hematoxylin. A
specimen with known maspin, p63 or p53 over-
expression served as positive controls.
Negative controls were performed by replacing
the various antibodies with normal serum.
Slides were mounted using a xylene based
mounting medium and viewed under a light
microscope.

Microscopic evaluation

Manual evaluation of maspin, p63 and p53
expression was performed by BC and HX blind-
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Figure 1. Maspin, p63 and p53 immunohistochemical expression patterns in squamous cell carcinoma of the lung.
Squamous cell carcinoma was strongly and diffusely positive for maspin, p63 and p53 (original magnification x

200).

ed to all clinical and pathologic information.
Discordant cases were reviewed by another
pathologist and a final consensus was reached.
Maspin, p63 and p53 immunoreactivities were
semi-quantitatively assessed by the percent-
age of stained tumor cells and the intensity of
staining. The percentage (0-100%) of positive
tumor cells for maspin, p63 and p53 was deter-
mined. The intensities of maspin, p63 and p53
staining were graded as 0, 1+ (weak), 2+ (mod-
erate), or 3+ (strong). Maspin, p63 and p53
proteins were considered expressed if more
than 5% of tumor cells were stained and if there
was at least a weak intensity of staining.
Concordance was considered if both maspin
and p63 or p53 were expressed in the same
tumor.

Statistical analysis

Statistical Analysis was carried out by the SAS
system. The Fisher’s exact test and x>test were
used to compare positivity rate of maspin, p63
and p53 between squamous cell carcinoma
and adenocarcinoma of the lung. These tests
were also used to assess the concordance of
maspin and p63 or p53 positivity in the two
types of non-small cell lung carcinoma. A p-val-
ue of less than 0.05 was considered statisti-
cally significant.

Results

Both nuclear and cytoplasmic maspin expres-
sion was observed in squamous cell carcinoma
and adenocarcinoma of the lung. p63 and p53,
however, had only nuclear staining. The expres-
sion of maspin, p63 and p53 were distributed
throughout the full thickness of the lesion in
squamous cell carcinoma and adenocarcino-
ma.
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Table 1 summarizes the immunohistochemical
staining results. Maspin, p63 and p53 were
expressed in squamous cell carcinoma of the
lung with the majority of cases exhibiting strong
and diffuse positivity. The frequencies of their
staining were 83/86 (96.5%) for maspin, 79/86
(91.9%) for p63, and 77/86 (89.5%) for p53.
There were similar diffuse patterns of staining
between maspin, p63 and p53 in squamous
cell carcinoma (Figure 1). When the concor-
dance between maspin and p63 expression
was compared, the frequency was 78/86
(90.7%; Table 1). When the concordance
between maspin and p53 was compared, the
frequency was 75/86 (87.2%; Table 1).

The immunohistochemical staining results of
the lung adenocarcinoma were more variable.
Adenocarcinoma had a much lower positivity
for all of the markers compared with squamous
cell carcinoma. The staining frequencies of
maspin, p63 and p53 were 82/161 (50.9%),
16/161 (9.9%), and 99/161 (61.5%), respec-
tively (Table 1). The patterns of staining were
similar between maspin, p63 and p53 when
positive. However, the markers were not consis-
tently coexpressed in the same tumor (Figure
2). The frequency of concordance between
maspin and p63 was 8/161 (5.0%; Table 1) and
between maspin and p53 was 62/161 (38.5%;
Table 1).

Statistical analyses of the immunohistochemi-
cal staining results revealed that the positivity
of maspin in squamous cell carcinoma was
significantly greater than adenocarcinoma
(p<0.01). The differences between squamous
cell carcinoma and adenocarcinoma were also
statistically significant with p<0.01 for both
p63 and p53 expression. When concordance
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Figure 2. Maspin, p63 and p53 immunohistochemical expression patterns in adenocarcinoma of the lung. A: Adeno-
carcinoma co-expressing both maspin and p53, and exhibiting p63 negativity. B: Adenocarcinoma exhibiting maspin
positivity, and both p63 and p53 negativity. C: Adenocarcinoma exhibiting both maspin and p63 negativity, and p53

positivity (original magnification x 200).

rates were evaluated, the coexpression rate of
maspin and p63 in squamous cell carcinoma
was significantly higher than the rate in adeno-
carcinoma (p<0.01). There was also significant
difference of p<0.01 between the coexpression
rates of maspin and p53 in squamous cell car-
cinoma and adenocarcinoma.

Discussion

In this study, we reported significantly higher
expression of maspin, p63 and p53 in
squamous cell carcinoma of the lung when
compared with adenocarcinoma. The results
extended beyond previous observations of indi-
vidual expression by examining the coexpres-
sion of maspin and p63, as well as of maspin
and p53. Squamous cell carcinoma was more
likely to coexpress maspin and p63 when com-
pared with adenocarcinoma. Squamous cell
carcinoma was also more likely to coexpress
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maspin and p53 when compared with
adenocarcinoma.

Maspin, a member of the serpin family of prote-
ase inhibitors, was first shown to inhibit tumor
growth and suppress metastasis in breast can-
cer [1]. To date, several studies have investi-
gated the role of maspin in lung tumorigenesis.
These studies have generally focused on com-
paring the levels of maspin expression in nor-
mal lung tissues and various lung carcinomas.
They also examined the relationship between
maspin expression and prognosis. Normal epi-
thelial cells in the proximal airway were found to
express maspin [20]. In lung carcinomas, some
studies reported a significant increase in
maspin expression in squamous cell carcinoma
that was higher than in other histological types,
such as adenocarcinoma. These studies also
found maspin as an independent factor in pre-
dicting a favorable prognosis in patients with
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squamous cell carcinoma of the lung [7-9]. In
fact, Akyildiz et al. found the sensitivity and
specificity of maspin positivity to detect adeno-
carcinoma of the lung to be only 59% and 73%,
respectively [21]. However, others found
maspin expression to have favorable prognos-
tic significance in adenocarcinoma [22-24]. Yet
another study found that overexpression of
maspin in both adenocarcinoma and squa-
mous cell carcinoma is an unfavorable prog-
nostic factor [25]. The results from this study
were consistent with previous studies that
found maspin expression in squamous cell car-
cinoma to be significantly higher than adeno-
carcinoma. This suggests that maspin plays a
more functional role in the tumorigenesis of
squamous cell carcinoma than in adenocar-
cinoma.

The precise mechanisms of maspin as a tumor
suppressor gene are still unclear. Different
pathways have been suggested for maspin
expression. Both p53 and p63, a homolog of
p53, are potential regulators of the maspin
gene. One of the earlier studies found p53
binding to the maspin gene promoter and
upregulating the maspin expression [12]. Other
studies reported both p63 and p53 transacti-
vate the maspin promoter [15, 18]. In the pres-
ent study, the high concordance rate of maspin
and p63, as well as of maspin and p53, in squa-
mous cell carcinoma of the lung supported the
potential role of p63 and p53 as transactiva-
tors of maspin expression. However, maspin
may not be involved in the regulation of p63
and p53 expression in adenocarcinoma.

In conclusion, maspin, p63 and p53 are highly
expressed in squamous cell carcinoma of the
lung and expression concordance between
maspin and p63 or p53 is much higher in squa-
mous cell carcinoma, but not in adenocarcino-
ma. These findings indicate that both p63 and
p53 may control maspin expression in squa-
mous cell carcinoma more likely than in adeno-
carcinoma of the lung.
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