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Aim: To investigate whether nuclear and cytoplasmic Maspin expression is associated with distinct
clinicopathological parameters and TP53 expression in a representative series of primary non-small cell lung
cancer (NSCLC).
Methods: Tissue microarrays (n = 487) were used to immunohistochemically analyse expression of Maspin
and TP53. Cytoplasmic and nuclear expression of Maspin was scored on the basis of the percentage of
positive tumour cells. Univariate analysis of clinicopathological variables potentially affecting tumour-specific
survival was performed.
Results: Immunohistochemical Maspin expression (nuclear and cytoplasmic) was informative in 72.3% (352/
487) of cases. Cytoplasmic and nuclear Maspin immunoreactivity in >10% of tumour cells was detected in
37.8% (133/352) and 65.3% (230/352) of informative cases, respectively. Nuclear and cytoplasmic Maspin
staining was observed more frequently in primary squamous cell carcinomas than in other lung cancer types.
Only nuclear Maspin immunoreactivity was significantly associated with positive TP53 staining. Cytoplasmic
or nuclear Maspin expression was not associated with tumour-specific survival.
Conclusion: Maspin expression was found both in the nucleus and the cytoplasm of NSCLC, more frequently
in squamous cell carcinomas. However, no association with tumour-specific survival could be demonstrated.

M
aspin, a member of the Serpin family of protease
inhibitors, is known to have tumour-suppressor activity
in several human tissues by inhibiting tumour cell

motility and invasion in vitro, as well as tumour growth and
metastasis in animal models.1 Zou et al2 have shown that, in
primary breast cancer, Maspin is regulated by wild-type TP53,
defining a new category of molecular targets of TP53 that have
the potential to negatively regulate tumour invasion and
metastasis. Loss of Maspin expression correlated with increased
tumour aggressiveness and poor prognosis in advanced breast
and prostate cancer.1 3–5 In contrast, Maspin was overexpressed
in pancreatic, ovarian, thyroid, gastric, lung, bladder, breast,
skin and colon cancer.6–16 A possible role of Maspin in lung
cancer biology was suggested by gene expression profiling.10

Several studies have investigated the prognostic significance of
Maspin expression in lung cancer. In one study, cytoplasmic
Maspin expression in primary non-small cell lung cancer
(NSCLC) was an independent negative prognostic factor for
overall survival,17 whereas strong nuclear Maspin expression
was associated with increased overall and disease-free survival
in patients with resectable NSCLC.11

Tissue microarrays (TMAs) are highly efficient tools for the
investigation of large series of tumours with defined clinical
characteristics of the patients.18 19 The aim of this study was to
clarify whether nuclear and cytoplasmic Maspin expression is
associated with a distinct clinicopathological profile, and to
study the relationship of Maspin expression with TP53
alterations by using a large-scale TMA of 487 primary NSCLCs.

METHODS
Lung cancer TMA
A TMA was constructed as described previously20 and contained
487 formalin-fixed, paraffin wax-embedded specimens of
patients with primary invasive NSCLC. All the 487 tissue
cylinders (one cylinder per tumour; diameter 0.6 mm) were
subsequently brought into two empty ‘‘recipient’’ paraffin wax

blocks. Patients were treated at the University of Basel, Basel,
Switzerland, and were studied retrospectively. One pathologist
(PD) with expertise in lung pathology evaluated H&E-stained
slides of all tumours. Tumour stage and grade were assigned
according to UICC (The International Union Against Cancer)
and World Health Organization criteria. Clinical follow-up data
were available for 449 (92%) lung cancer patients with a
median (range) follow-up period of 27 (0–200) months. The
Institutional Review Board of the University of Basel granted
approval for the study.

Immunohistochemistry
Immunohistochemical studies utilised an avidin–biotin perox-
idase method with a diaminobenzidine chromatogen. After
antigen retrieval (in a microwave oven for 30 min at 250 W),
IHC was carried out in a Ventana NEXES autostainer (Ventana,
Tucson, Arizona, USA) following manufacturer’s instructions.
The following primary antibodies were used: anti-TP53
(monoclonal, clone Bp53–12, Santa Cruz Biotechnology, Santa
Cruz, California, USA; dilution 1:1000), and anti-Maspin
(monoclonal, clone G167–70, Becton Dickinson/Pharmingen,
Heidelberg, Germany; dilution 1:1000). Negative controls
without primary antibody were included in each experiment.
One surgical pathologist (MW), who was blinded to the clinical
data, evaluated all stainings. TP53 positivity was defined as
strong nuclear staining in at least 10% of the tumour cells.
Cytoplasmic and nuclear Maspin immunoreactivity was
assessed semiquantitatively on the basis of the percentage of
positive cells, as described previously.21 Maspin immunoreac-
tivity was defined as positive if at least 10% of tumour cells
showed at least moderate staining intensity. The cut-off
value of 10% was chosen for categorisation of cytoplasmic
and nuclear Maspin expression, representing the best

Abbreviations: IHC, immunohistochemistry; NSCLC, non-small cell lung
cancer; TMA, tissue microarray
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discrimination as derived from the receiver operator character-
istic analysis. In detail, receiver operator characteristic curves
obtained by plotting sensitivity versus (1 – specificity) were
used to evaluate the prognostic performance of Maspin
expression at various cut-off points. The optimum cut-off was
calculated as the maximum value of sensitivity multiplied by
specificity. Sensitivity and specificity were calculated according
to standard formulae.

Statistical analysis
Statistical analyses were completed using SPSS V.10.0. p Values
,0.05 were considered significant. Contingency table analysis
and two-sided Fisher’s exact tests were used to study the
statistical association between clinicopathological and immu-
nohistochemical data. Survival curves comparing patients with
or without any of the factors were calculated using the Kaplan–
Meier method, with significance evaluated by two-sided log
rank statistics. For tumour-specific survival, patients were
censored at the time of their last tumour-free clinical follow-up
appointment or at their date of death not related to the tumour.
For multiple testing, the closed test principle was used.

RESULTS
Investigation of immunohistochemical Maspin expression was
informative in 72.3% (352/487) of cases. Cytoplasmic and
nuclear Maspin immunoreactivity in >10% of tumour cells was
detected in 37.8% (133/352) and 65.3% (230/352) of informa-
tive cases, respectively. Figure 1A,B shows the representative
Maspin immunostaining patterns. Negative nuclear and cyto-
plasmic Maspin immunoreactivity (,10%) is co-associated
significantly in 91.8% (112/122) of informative cases, whereas
simultaneous cytoplasmic and nuclear Maspin expression in at
least 10% of cells was found only in 53.5% (123/230) of
informative cases (p,0.001; fig 2). For descriptive data
analysis, all relevant variables were compared with the results
of Maspin IHC (table 1).

Remarkably, nuclear (p = 0.04) and cytoplasmic (p,0.001)
Maspin staining in at least 10% of tumour cells was observed
more frequently in primary squamous cell carcinomas of the
lung than in other tumour types. However, Maspin expression
was unrelated to tumour stage and nodal status. Only nuclear

Maspin immunoreactivity in at least 10% of tumour cells was
significantly associated with positive TP53 staining (p = 0.006;
table 1).

Tumour-specific survival was compared between Maspin-
positive and Maspin-negative cases by univariate log rank
statistics. Higher tumour stage (p,0.001) and positive lymph
node status (p,0.001) were significantly associated with
shorter survival times. However, cytoplasmic or nuclear
Maspin expression was not associated with tumour-related
survival when all tumours were included into the analysis
(fig 3A,B). No association between Maspin IHC and tumour-
related survival was found in TP53-positive and TP53-negative
cases, respectively. Finally, within the groups of patients with
different histological subtypes of NSCLC, no such association
could be shown.

DISCUSSION
We investigated nuclear and cytoplasmic Maspin expression in
a large series of NSCLCs of all relevant histological subtypes.
Using TMA technology, the results of TP53 and Maspin IHC
were compared with the clinicopathological data. Despite the
small size of the individual tumour specimens in TMAs, both
histological features and molecular characteristics are highly
representative of their tissues of origin (reviewed by Simon
et al18).

Gene expression profiling of primary NSCLC identified
Maspin as a potential tumour-suppressor gene in lung cancer.10

Our study found cytoplasmic Maspin expression predominantly
in squamous cell carcinomas, consistent with the results of
Yatabe et al.22 Pemberton et al23 found Maspin to be a
predominantly soluble cytoplasmic protein associated with
secretory vesicles at the cell surface of cultured human
mammary myoepithelial cells, showing that Maspin is more
ubiquitous than believed previously.23 According to Smith et al,11

the present study also found nuclear Maspin expression in
NSCLC (table 1). The simultaneous expression of Maspin both
in the nucleus and the cytoplasm of NSCLC cells in our study is
in accordance with Lonardo et al,24 who have reported a
combined nuclear–cytoplasmic staining, especially in squamous
cell carcinomas of the lung. However, the association of nuclear
Maspin expression with favourable morphological features in

Table 1 Clinicopathological and immunohistochemical parameters relative to Maspin immunohistochemistry

Variable Categorisation Analysable cases (n)

Nuclear Maspin IHC Cytoplasmic Maspin IHC

,10% >10% p Value* ,10% >10% p Value*

Clinicopathological data:
Tumour stage

pT1 67 27 40 0.208 41 26 0.403
pT2 217 77 140 139 78
pT3 45 10 35 24 21
pT4 5 1 4 2 3

Lymph node status
pN0 182 63 119 0.842 112 70 0.923
pN1 114 38 76 69 45
pN2 32 13 19 21 11
pN3 1 0 1 1 0

Histological type
of NSCLC

Squamous 209 62 147 0.043 105 104 ,0.001
Adeno 74 35 39 65 9
Bronchoalveolar 16 7 9 14 2
Undifferentiated, large cell 53 18 35 35 18

TP53 IHC
,10% 179 60 119 0.006 105 74 1.000
>10% 121 23 98 68 53

IHC, immunohistochemistry; NSCLC, non-small cell lung cancer.
*Fisher’s exact test (two-sided), bold type representing significant data.
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pulmonary adenocarcinoma, described by Lonardo et al,24 could
not be validated. Furthermore, no association between Maspin
IHC (nuclear or cytoplasmic) and tumour-related survival was

found within the subgroups of patients with different
histological types of NSCLC.

Systematic quantification of Maspin expression in NSCLC
was of particular interest as existing data on the prognostic
significance of Maspin are conflicting. Nakashima et al25

suggested an association between cytoplasmic Maspin expres-
sion and a favourable prognosis in 78 patients with primary
adenocarcinoma of the lung. Hirai et al17 showed cytoplasmic
Maspin expression to be an independent negative prognostic
factor for overall survival in 132 patients with NSCLC, with
3-year post-surgery survival of 30.8% for the Maspin-positive
group and 71.1% for the Maspin-negative group (p = 0.007).
Smith et al11 reported a significant association between nuclear
Maspin expression and prolonged survival in 48 patients with
NSCLC with resectable tumours. However, the results of Smith
et al11 were of borderline significance (p = 0.05). In the present
study, neither cytoplasmic nor nuclear Maspin expression
correlated significantly with patient survival (fig 3A,B), using
a large-scale TMA with 487 cases of lung cancer of all
histological types.

According to Zou et al,2 TP53 activates Maspin by binding
directly to the TP53 consensus-binding site of the Maspin
promoter—that is, Maspin is one of the few TP53-targeted
genes involved in tumour invasion and metastasis. DNA-
damaging agents and cytotoxic drugs induced endogenous
Maspin expression in cells containing wild-type TP53. Maspin
expression was refractory to DNA-damaging agents in cells
containing mutant TP53, thus defining a new category of
molecular target for TP53 that has the potential to negatively
regulate tumour invasion and/or metastasis.2 An association
between nuclear Maspin expression and TP53 immunoreactiv-
ity in NSCLC could be shown. Cytoplasmic Maspin expression
was not affected by the TP53 status. Similarly, Hirai et al17 did
not find an association between cytoplasmic Maspin expression
and TP53 IHC in NSCLC. On the basis of the hypothesis that
biological effects of Maspin are linked to its subcellular
localisation,24 association of nuclear, but not cytoplasmic,
Maspin expression with nuclear TP53 staining seems inevitable.

In summary, Maspin expression was frequently found both
in the nucleus and the cytoplasm of NSCLC in a large-scale
study using TMAs. However, no prognostic impact on tumour-
specific survival could be shown.
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Figure 1 Immunohistochemical Maspin staining on the tissue microarray.
(A) Representative example of primary non-small cell lung cancer (NSCLC)
with negative immunoreactivity for Maspin (original magnification 6400).
(B) Representative section of primary NSCLC showing moderate nuclear
and cytoplasmic immunoreactivity for Maspin (original magnification
6400).
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Figure 2 Cumulative bar chart showing the association of negative nuclear and cytoplasmic Maspin immunoreactivity in non-small cell lung cancer.
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