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Maspin Suppresses Survival of Lung Cancer Cells through
Modulation of Akt Pathway

I n t r o d u c t i o n

Maspin is a 42 kDa protein with high sequence homology to the
members of the serpin protease inhibitor family (1-3), yet maspin
does not have protease inhibitory activity (4). The expression of
maspin is frequently lost in human lung cancer (5), and the genetic
polymorphism of Maspin has been recently reported (6). In terms of
function, substantial evidence supports a role for maspin in
apoptosis (7) and metastasis (8-10), whereas the published data on
the role of maspin for the survival of lung cancer cells is relatively

limited. Since resistance to chemotherapeutic drugs is one of the
major obstacles in the treatment of cancer, we investigated whether
a maspin expression influences the cellular responses to chemo-
therapeutic drugs in lung cancer cells.

Even though apoptosis is the predominant mechanism by which
cancer cells die in chemotherapy, the survival pathway may
antagonize cancer cell death by such signals as growth factor and
Akt (11). In view of the recent findings that a specific pattern of re-
sistance to chemotherapy may occur depending on the genetic or
epigenetic abnormalities of cancer cells (12-17), this present work
demonstrated a resistance of lung cancer cells to cell death in the
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Purpose
Maspin is a tumor suppressor protein that has been reported to stimulate the cell death of
cancer and inhibit the metastasis of cancer. The present study aimed to explore the survival
pathway by which maspin modulates the resistance of human lung cancer cells to
chemotherapeutic drugs, and the consequences of maspin gene therapy in an animal model. 

Materials and Methods
NCI-H157 and A549 cells were transfected with either a mock vector (pCMVTaq4C), maspin
(pCMV-maspin), siControl or siMaspin. RT-PCR and Western blot analysis were performed to
study the expressions of survival proteins in lung cancer. cDNA microarray analysis was
carried out to compare the maspin-modulated gene expression between the xenograft
tumors derived from the lung cancer cells that were stably transfected with pCMVTaq4C or
pCMV-maspin. Maspin gene therapy was performed by intra-tumoral injections of
pCMVTaq4C or pCMV-maspin into the pre-established subcutaneous tumors in nude mice.

Results
Maspin significantly decreased the survival to doxorubicin and etoposide, whereas did not
affect the survival to cisplatin in the NCI-H157 cells. Interestingly, transfection with a maspin
plasmid resulted in a significant reduction of the phosphorylation of Akt in the NCI-H157
cells, whereas knockdown of maspin increased the phosphorylation of Akt in the A549 cells.
Microarray analysis of the xenograft tumors revealed a specific gene expression profile,
demonstrating that maspin is associated with the differential expressions of PTEN and
IGF2R. Direct transfer of pCMV-maspin into the tumor significantly retarded the tumor
growth in the animal experiments (p=0.0048).

Conclusion
Lung cancer cells lacking maspin could be resistant to chemotherapeutic drugs such as
doxorubicin or etoposide, at least in part by maintaining Akt phosphorylation.
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context of a maspin expression. cDNA microarray analysis was
performed to identify the genes that are differentially expressed
according to a maspin expression in vivo. Western blot analysis also
showed that the expressions of survival-related genes are modulated
by maspin. This is the first report to indicate that the maspin in lung
cancer cells may modulate Akt phosphorylation and chemoresistance. 

M a t e r i a l s  a n d  M e t h o d s  

1 Materials

The chemicals, protease inhibitors and chemotherapeutic drugs
were purchased from Sigma Chemical Co. (St Louis, MO). Fetal
bovine serum and the tissue-culture media were purchased from
Life Technologies, Inc. (Gaithersburg, MA). The enhanced
chemiluminescence detection kit was from Amersham Corp.
(Arlington Heights, IL). The reactive proteins were visualized using
an ECL kit (Amersham Life Sciences, UK). 

Antibodies for maspin, active caspase-3, PARP, Erk, p-Erk, Akt
and pAkt were obtained from Santa Cruz Biotechnology (Santa
Cruz, CA). 

2 The cell-growth and viability assays

The NCI-H157 and A549 human lung carcinoma cell lines were
maintained in RPMI 1640 (Life Technologies, Gaithersburg, MD),
1 mM glutamate, 100 U/mL penicillin, 100 ng/mL streptomycin and
10% FCS. The cells were cultured at 37℃ in a humidified
atmosphere of 5% CO2. Cell viability was evaluated by trypan blue
exclusion assay.

3 Transfection of the lung cancer cells

The cells were transfected with siRNA or plasmids using the
Effectene (Qiagen, Valencia, CA) or Amaxa electroporation system
(Amaxa, Gaithersburg, MD), according to the supplier’s protocol.
For pCMV-maspin, full-length maspin cDNA was cloned into the
pCMVTaq4C cells (Invitrogen, Carlsbad, CA). For obtaining stable
maspin expressing cells, the cells were incubated for 48 h after
transfection, then the medium was changed and the transfected cells
were selected for 2 weeks in the presence of geneticin. The SMART
pool small interfering RNAs (siRNA) to maspin and the negative
control siRNA were from Dharmacon (Lafayette, CO).

4 Western blot analysis

After the experimental treatments, the cells were harvested and

the cell pellets were washed with ice-cold phosphate-buffered saline
and then lysed in lysis buffer containing 10 mM Tris (pH 7.5), 150
mM NaCl, 10 mM ethylenediaminetetraacetic acid (EDTA), 1%
sodium dodecyl sulfate (SDS), 1 mM sodium orthovanadate and a
mixture of protease inhibitors (1 mM phenylmethylsulfonyl
fluoride, 1 μg/mL pepstatin A, 2 μg/mL aprotinin). The lysates were
sonicated for 10 s, centrifuged for 20 min at 20,000×g and then
stored at -70℃. Equal amounts (25 μg) of the cell lysates were
resolved by 12% SDS-PAGE and next subjected to Western blot
analysis using an enhanced chemiluminescence system (Amersham
Corp., Arlington Heights, IL). 

5 Animals and the tumor model

Four-week-old, 19 to 22 g female BALB/c nude mice (Nihon
Clea, Osaka, Japan) were used and these were housed at the Institute
of Laboratory Animals. NCI-H157 cells (5×106) were inoculated
subcutaneously into the nude mice. After the tumor size reached
between 60 to 70 mm3 in volume, the animals were divided into two
groups with nine mice per group, and these animals received intra-
tumoral injections of control vector or pCMV-maspin (50 μg in 50 μL
PBS). The tumor volume was measured during the administration
period for 23 days. The tumor sizes in two dimensions were
measured with calipers and the volumes were calculated with the
formula (L×W2)×0.5, where L is length and W is width. T-tests
were used to compare the difference of tumor size on day 23
between the tumors with and without maspin. The mice were
maintained and sacrificed according to institutional guidelines, and
the study procedures were approved by the Institutional Committee
on the Use and Care of Animals and Recombinant DNA Research.

6 cDNA microarray analysis

A cDNA microarray containing 17,448 sequence-verified human
cDNA clones was purchased from GenomicTree Inc. (Seoul,
Korea). The target cDNA probes were synthesized and hybri-
dizations were performed as previously described (18). After
hybridization, the microarrays were washed and then immediately
dried in a microarray centrifuge (GenomicTree Inc.). All the
microarray hybridizations were performed in duplicate, and the
collected data was averaged. 

R e s u l t s

1 The maspin expression modulates chemoresistance
in lung cancer cells 

To study the chemoresistance-associated role of maspin, we



Cancer Res Treat. 2010;42(1):42-47

44 CANCER  RESEARCH  AND  TREATMENT

generated a stable maspin expressing system in NCI-H157 human
lung cancer cells. The ectopic expression of transfected maspin was
confirmed by RT-PCR and Western blot analysis (Fig. 1A). We
compared the response of the maspin-transfected NCI-H157
(H157/mas) cells to the chemotherapy drugs with that of the empty
vector-transfected control (H157/C) cells. The maspin-expressing
cells displayed a significant decrease in survival to doxorubicin,
with the survival decreasing from 89.1±2.7% in the control H157/C
cells compared with 77.2±3.7% in the maspin-expressing H157/mas
cells (p=0.0103, Fig. 1B). Similar to that observed for doxorubicin,
the maspin-expressing cells displayed a significant decrease in
survival to etoposide compared with that of the control cells.
Specifically, the control cells displayed a survival of 77.1±0.4%
compared with a survival of 48.7±1.6% for the maspin-expressing

cells (p＜0.0001), suggesting that maspin induced chemosensitivity
to etoposide in these cells (Fig. 1B). However, treatment with
cisplatin resulted a survival rate of 51.8±3.3% in the control cells,
whereas the survival rate was 58.9±3.5% in the maspin-expressing
NCI-H157 cells (p＞0.05).  

2 PARP cleavage and caspase-3 activation are suppressed
by knockdown of the maspin expression 

To examine whether the observed survival difference induced by
maspin was due to modulation of a component in the apoptosis
pathway, we analyzed caspase-3 activation and PARP cleavage
according to the knockdown of the maspin expression after the
treatment with drugs. The PARP assays demonstrated cleavage of
the PARP protein when the A549 cells were treated with
doxorubicin (Fig. 2A). However, in agreement with the cell survival
data, the maspin-knockdown cells were relatively resistant to PARP
cleavage and caspase-3 activation as compared with that of the
parental or mock cells. 
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Fig. 1. The ectopic expression of maspin decreases the rate of
survival to drug-induced cell death. (A) RT-PCR and Western blot
analysis demonstrating the ectopic expression of recombinant
maspin in the NCI-H157 cells. (B) The effect of a stable maspin
expression on the cytotoxicity of cisplain (50 μM), doxorubicin (5 μM)
and etoposide (10 μM) in the NCI-H157 cells. Cells (1× 105/well)
were plated in 6-well plates and they were treated with drugs for 24
h on the following day. Trypan blue staining was performed to
detect the live cells and cell survival is expressed as the ratio of the
number of viable cells following a given treatment to the number of
untreated cells×100 (%). Bars, SD.
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Fig. 2. Maspin knockdown modulates the phosphorylation of Akt
and drug-induced apoptosis. (A) Active caspase-3 and PARP
cleavage demonstrates reduction of active caspase-3 and the
cleaved PARP fragment in the siMaspin-transfected (siMas, 50
nM) A549 cells, as compared with the parental (-), and siControl-
transfected cells (siC, 50 μM), after the treatment with 5 μM
doxorubicin. The identical blot was reprobed with β-actin as a
control for loading. (B) Western blot analysis demonstrating the
induction of phosphorylated Akt in the siMaspin (50 nM) -
transfected A549 cells after EGF (10 nM) treatment. 
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.3 Akt phosphorylation is induced by knockdown of the
maspin expression 

To examine whether the observed survival difference induced by
maspin was due to modulation of a component in the survival
pathway, we analyzed the phosphorylated Akt levels according to
knockdown of the maspin expression after exposure to EGF.
Western blot analysis demonstrated an increase of the phosphory-
lated Akt in the siMaspin-transfected cells (Fig. 2B). Notice that
even without the addition of EGF, a phosphorylated Akt level was
already induced in the maspin-knockdown cells.

4 Microarray analysis reveals maspin targets that may
account for the differential survival 

We examined the target genes by which the ability of maspin to
modulate the survival of lung cancer cells might be mediated. To
identify potential target genes, a microarray analysis was carried out
and the differential gene expressions were compared between the

tumors derived from the H157/C and H157/mas cells. Dozens of
survival-associated genes were identified with at least a 2-fold
difference in expression in the H157/mas tumors. Among these,
IGF2R, which is involved in the growth factor signaling pathways,
was down-regulated in the H157/mas tumors (Table 1). Intere-
stingly, PTEN, an inhibitory protein of Akt, was induced by maspin,
implicating that the reduced survival of H157/mas tumor cells could
be caused by modulation of these proteins. To further confirm the
microarray data, we performed Western blot analysis and examined
whether or not a maspin expression might affect the survival
pathway in vivo. As shown in Fig. 3, the expressions of Akt and
phosphorylated Erk were significantly downregulated in the tumors

Fig. 3. Western blot analysis of the survival-related proteins in the
total cell lysates from the tumors derived from the mock-transfected
(H157/C, 5 samples) and maspin over-expressing (H157/mas, 4
samples) cells. The identical blot was reprobed with β-actin as a
control for loading. 

Increased Fold
PTEN Phosphatase and tensin homolog 2.54

Decreased
IGFBP3 Insulin-like growth factor binding protein 3 5.88
IGF2R Insulin-like growth factor 2 receptor  5.26 
RHOB Ras homolog gene family, member B 3.22
PIP5K1A Phosphatidylinositol-4-phosphate 5-kinase 2.86
MARCKS Myristoylated alanine-rich protein kinase C 2.70
CXCR4 Chemokine (C-X-C motif) receptor 4 2.56
RAC1 Ras-related C3 botulinum toxin substrate 1 2.50   
RASGRP2 RAS guanyl releasing protein 2 2.44 
MAPKAP2 Mitogen-activated protein kinase-activated protein kinase 2 2.38

Table 1.  List of the genes that were up- or down-regulated by maspin 

The fold indicates the level of induction or reduction over the maspin-expression in the xenograft tumors derived from NCI-H157 cells. Note: The hybridization signals for genes that
showed a significant detection in two samples were considered in the comparison analysis.  
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Fig. 4. The effect of maspin DNA transfer on the established tumor.
A pCMV-maspin or control plasmid was given every other day
(arrow) into the subcutaneous tumor that had been established after
the injection of NCI-H157 cells (5×106 cells). The plasmid was
administered as a mixture of 50 μg DNA in 50 μL PBS per
injection. Nine mice were used for each group. p=0.0048, t-test
comparing the control plasmid injected xenographs to the pCMV-
maspin injected xenografts on day 23. Bars, SEM. 
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R e f e r e n c e s

generated by the H157/mas cells, indicating that maspin modulates
these proteins, which may subsequently affect cell survival. 

5 The effect of maspin gene therapy on the growth of
established tumor

Finally, we investigated whether maspin gene transfer could affect
tumor growth in vivo. First, the subcutaneous tumors were
established after injection of NCI-H157 cells into the athymic nude
mice. When the mice had an average tumor volume in the range of
60 to 70 mm3, the plasmid DNAs were injected every other day.
During the administration period, the tumors in the control group
continued to grow. The control group formed tumors with an average
increase of 83-fold over 23 days. In contrast, the maspin plasmid-
injected group developed tumors that averaged a 20-fold increase
during the same period (p=0.0048, Fig. 4), demonstrating that maspin
could indeed affect in vivo tumor progression in lung cancer. 

D i s c u s s i o n

Chemotherapeutic drugs induce apoptosis by affecting the cell-
death or survival pathways. Thus, several ongoing clinical trials are
currently under investigation to overcome drug resistance by
modulation of apoptosis or cell survival (19). In the current study,
we have identified maspin as a modulator of doxorubicin and
etoposide susceptibility in NCI-H157 lung cancer cells, and we
described several possible targets of maspin that might account for
the chemosensitivity. Maspin has been implicated in apoptosis (7),
as well as in metastasis (8-10). However, to the best of our
knowledge, this is the first report indicating that the expression of
maspin in lung cancer may play a role in modulating the cell
survival pathway. Our data indicates that the decreased expression
of maspin in a lung cancer cell line induces resistance to apoptosis.

Thus, the loss of a maspin expression may denote a poor prognosis
due to the high probability of resistance to therapy.

The exact mechanism of how maspin may modulate cell survival
remains unknown. Whatever the mechanisms are, it is intriguing to
note that maspin-mediated inhibition of cell death is different
depending on the anticancer agents. To identify the putative targets
of maspin that may account for the resistance to chemotherapy, a
cDNA microarray analysis was performed on the RNA extracted
from the tumors derived from the empty vector-transfected and
maspin-transfected lung cancer cells. The array identified many
transcriptional alterations, and most have no obvious connection to
chemoresistance. However, the proteins involved in Akt signaling
were recognized. Specifically, the expressions of PTEN and IGF2R
were associated with the maspin expression. Considering those
studies reporting that the Akt pathway inhibits apoptosis in cancer
cells, the up-regulation of PTEN and the down-regulation of IGF2R
may alleviate the survival of cancer cells. It has been suggested that
Akt may function as an anti-apoptotic survival protein based on the
observation that the inactivation of Akt induced cell death in several
cancer cells (11). Therefore, the up-regulation of anti-apoptotic
proteins through the activation of Akt could be a mechanism for
inducing chemoresistance in maspin-lacking cancer cells, although
this remains to be demonstrated.

C o n c l u s i o n

Our study shows that maspin inhibits the survival pathway by
inactivating Akt phosphorylation and this influences the response to
cell death in lung cancer cells. Therefore, lung cancer cells lacking
maspin would be resistant to chemotherapeutic drugs such as
doxorubicin or etoposide, implying that treatment strategies based
on the level of maspin might improve the efficacy of these
chemotherapeutic drugs. 
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