
Introduction

Cervical cancer is one of the most common malignant tu-

mors of the female reproductive tract. In recent years, pa-

tients presenting cervical cancer have exhibited an obvious

younger trend. To date, the radical surgery cures,

chemotherapy, and radiotherapy are the main treatment

modalities to prolong patients’ life. However, we prefer to

discover a comprehensive suppressor gene which can in-

hibit the growth of tumor or promote the cancer cells to

apoptosis to cure patients. Mammary serine protease in-

hibitor (maspin) was first identified by subtractive hy-

bridization as a candidate tumor suppressor protein in

normal mammary in 1994 [1]. Maspin is located on chro-

mosome 18q21.3–q23 epithelial cells. In many different

cancers, maspin acts as a tumor suppressor that can inhibit

motility, invasion, angiogenesis, proliferation, metastasis,

and promote the cancer cells to apoptosis [2-7]. The role of

maspin has been proposed and extensively studied. How-

ever, studies have recently found that maspin expression is

downregulated in many tissues, including the mammary

gland, gastric, and prostate cancers, but is overexpressed in

pancreatic, gallbladder, colorectal, and thyroid cancers,etc.

These studies have suggested that maspin may have differ-

ent activities in different cancers. However, maspin gene

function and its molecular aspects in human cervical SCC

remain largely unclear. Thus, the present study aims to in-

vestigate the effect of the biological behavior and clinical

significance of maspin gene on human cervical SCC SiHa

cells. In this study, a maspin expression vector was con-

structed and stably transfected into cultured SiHa cells. The

efficacy of the vector with maspin was confirmed by RT-

PCR and Western blot analysis. The authors discuss the

function of maspin gene in human cervical SCC and its un-

derlying molecular mechanisms by observing the apoptosis

rate and proliferation activity.

Materials and Methods

Cell culture and stable transfection
The human cervical cancer SiHa cell line was cultured in

DMEM medium containing 10% fetal bovine serum, 100 µ/ml

penicillin, and 100 μg/ml streptomycin at 37°C with 5% CO2.

The cells were seeded into six-cm Petri dishes (3×105 to 5×105

cells per well) and stably transfected at 80% confluence with ei-

ther pcDNA-maspin (overexpressed maspin gene) or pc3DNA

(empty vector) using transfection TF reagent, as described by the

manufacturer. After 24 hours, fresh medium was added to the cells

containing the selection reagent G418 (800 µg/ml). SiHa-pc3 and

SiHa-m selection was continued for 39 days, with the medium re-

freshed every other day. The surviving cells were grown under

continuous selection using G418. After six weeks, several clones

were created by transfection and the surviving clones were ana-
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lyzed by RT-PCR, Western blot analysis, and immunocytochem-

istry (IHC) to detect maspin expression. 

RNA extraction and RT-PCR
RNA isolation and RT-PCR were performed as specified. Total cel-

lular RNA was extracted using the acid guanidinium–phenol–

chloroform method. The authors successfully synthesized first-strand

cDNAs from one μl of total RNA using one μl oligo (dt) primer, two μl

buffer, one μl dNTP mixture, two µl DTT, and one μl RNaseH ac-

cording to the protocol of RT reagent kit manufacturer. Each first-

strand cDNA of target genes was amplified under its appropriate

parameters. The primer sequence of the target genes for RT-PCR were

as follows: maspin upstream primer, 5’-CG-

CAAGCTTCAGGATAACTGTGACTCCAGG -3’ and downstream

primer, 5’-CACTCTAGACTTAACATGGGCTATGCCAC -3’.

The integrity, concentration, and purity of the RT-PCR prod-

ucts were analyzed by 1% agarose gel electrophoresis and UV

spectroscopy. The entire experiments were repeated at least thrice.

GAPDH expression was used for comparative studies. 

Western blot analysis
Western blot analyses were performed to detect the maspin pro-

tein expression after transfection. The cells (SiHa, SiHa-m, SiHa-

pc3) were washed twice with PBS, and then centrifuged and

homogenized in extraction buffer (one mmol/L PMSF, ten µg/ml

leupeptin) on ice for 30 minutes. After centrifugation of the cell

suspension at 12,000×g for ten minutes, protein content of the su-

pernatant was determined by BCA protein assay reagent. The pro-

tein lysates were separated in SDS-PAGE loading buffer (2% SDS,

10% glycerin, 0.025% bromophenol blue, 50 mmol/L Tris-Cl, pH

6.8), and then blotted onto nitrocellulose membrane. Proteins were

detected using anti-maspin and visualized using anti-rabbit IgG

conjugated with HRP and ECL as HRP substrate.The images were

captured and analyzed by an image software.

Immunohistochemistry
The cells were digested with 0.25% trypsin and seeded into six-

cm Petri dishes (1×106 cells per well) for two days. Afterwards,

the cells were placed in glass slides,fixed with alcohol (or cold

acetone) for 20 minutes, washed with 0.75% H2O2-PBS at 37°C

for ten minutes, and then sealed with normal goat serum at 37°C

for 30 minutes. Cells were treated with anti-maspin at 1:100 di-

lution in PBS buffer for 40 minutes at RT, and incubated overnight

at 4°C in a humidified chamber. Anti-maspin antibody rabbit IgG

was added into the liquid. The slides were then washed with PBS

and incubated for 40 minutes with avidin–biotin complex reagent

containing horseradish peroxidase. The liquid was washed with

PBS thrice for five minutes each, and color development was

achieved using DAB substrate diluted with PBS for five minutes.

The images were captured with a mining graph system. Four

fields of vision were obtained in each group. The images were an-

alyzed by a laser pix image software, and the integrated optical

density (IOD) was determined. 

MTT assay for cell growth and viability
Cell growth and viability were evaluated using MTT assay [8].

The positive cells (SiHa, SiHa-m, SiHa-pc3) were plated into 96-

well microtiter plates at a density of 1×103 per well in a volume

of 0.2 ml. Twelve complex holes were set up in each group and set

a hole as control with only DMEM. Cell proliferation was meas-

ured at serial time points (every 24 hours for five days) using the

MTT cell proliferation kit. The light absorption value was then

determined by enzyme linked immune detector with 490 nm

wavelength. Cell growth curve was drawn using time as the hor-

izontal axis and light absorption value as the vertical shaft.

Assessment of cell cycle and apoptosis by flow cytometry 
Cells(SiHa, SiHa-m, SiHa-pc3) were harvested, washed with

cold PBS, and then fixed in 75% ethanol at 4°C. Propidium iodide

(50 μg/ml) was then added, and the cells were incubated at room

temperature in the dark for 30 minutes. The percentage of cells

with different DNA contents and cell apoptosis were quantified

by flow cytometry. Cell apoptosis rate and cell cycle distribution

were analyzed using the ELITE and ModFit LT software. 

Statistical analysis
Data were analyzed by ANOVA using Statistics Package for

Social Science (SPSS) software 10.0. LSD-post-hoc test was em-

ployed to assess the statistical significance of the difference be-

tween the control and the treated groups. P values less than 0.05

were considered statistically significant, and a p value less than

0.01 was highly significant. 

Results

Identification of maspin expression vector
After restriction endonuclease digestion, a small band of

DNA (1200 bp) was detected by electrophoresis (Figure 1).

DNA sequencing of the constructs showed the presence of

sequences similar to those of target fragments.

Maspin expression was upregulated in overexpressed trans-
fectants of SiHa cells

The present authors used recombinant plasmid pcDNA3-

maspin to upregulated the maspin gene in SiHa cells. The

mRNA and protein expression was detected in the SiHa-m,

SiHa-pc3, and SiHa cells by RT-PCR, Western blot analy-

sis, and IHC as described in sections 2.2 to 2.4. Maspin

Figure 1. — Electrophoresis of the recombinant after restriction

endonuclease digestion. M, λEcoT14 DNA marker; lane 1, maspin.
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mRNA expression was reflected by the light density ratio of

maspin to GAPDH. The result of RT-PCR showed that the

maspin mRNA in SiHa-m cells was significantly increased

by 54% and 57% compared with SiHa cells and SiHa-pc3

cells, respectively. No significant difference in expression

was found between SiHa and SiHa-pc3 (Figure 2). As ex-

pected,the maspin protein expression of SiHa-m was three

times more than SiHa cells by Western blot (Figure 3) and

the result of IHC also displayed that the level of maspin

protein in transfectants of pc3-maspin were increased sig-

nificantly, contrary to that of the SiHa and SiHa-pc3 groups

(Figure 4). However, the level of expression of maspin in

cells transfected with pcDNA3 vector was similar to that

of normal cells (p > 0.05). These results of the three meth-

ods all indicate that the maspin expression vector signifi-

cantly increased maspin expression in SiHa cells.

Effects of maspin on cell cycle and apoptosis
In the current study, the effect of maspin gene on the SiHa

cell cycle and apoptosis was determined, and each assay was

performed in triplicate. Flow cytometry analysis showed that

the cell apoptosis rates of SiHa-m, SiHa-pc3, and SiHa were

14.8%, 1.6%, and 3.9%, respectively (Figure 5). The data in-

dicated that the apoptosis rate of SiHa-m increased signifi-

cantly (p < 0.05). There was no significantly change on cell

apoptosis rates between SiHa and SiHa-pc3 group (p > 0.05).

The analysis of flow cytometry showed that in SiHa-m

the percentages of G1 and S were 67.9% and 18.8%, re-

spectively. Nevertheless in SiHa cells the percentages of G1

and S were 57.0% and 26.7% and in SiHa-pc3 cells were

Figure 2. — Maspin expression after transfection of SiHa cells with a pcDNA3-maspin vector or a empty vector (pcDNA3). (A) mRNA

expression in SiHa, SiHa-pc3, and SiHa-m cells. M: DL2000 DNA marker. (B) RNAs were isolated from cells and performed for RT-

PCR with maspin primers. Maspin mRNA expression was quantitated as a ratio to the amount of GAPDH. The results are representa-

tive of at least three independent experiments. Data are means ± SD; control is the untreated cells.

Figure 3. — Analysis of maspin protein inSiHa, SiHa-pc3, and

SiHa-m cells. Cytoplasmic protein was extracted from SiHa,

SiHa-pc3, and SiHa-m cells, and Western blot analysis was per-

formed with antibodies specific for full length maspin. GAPDH

was used as loading control. The images were captured and ana-

lyzed by an image software. Data represent mean ± S.D. of three

independent experiments.
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Figure 4. — Maspin expression

in SiHa, SiHa-pc3, and SiHa-m

cells by ABC immune enzyme

staining. Immunohistochemical

staining for maspin with mono-

clonal antibody (1:200 dilution).

(A) The brown signals represent

positive staining for maspin

(×400). The value was detected

by IOD. (a) Weak positive

maspin expression in the SiHa

cytoplasm, (b) Weak positive

maspin expression in the SiHa-

pc3 cytoplasm, and (c) Positive

expression of maspin in the cyto-

plasm and nucleus of SiHa-m.

(B) The positivity value of

maspin were calculated and il-

lustrated as shown.

Figure 5. — Assessment of cell

cycle and apoptosis by flow cy-

tometry. Cell proliferation was

restrained, and an obviously in-

creased rate of apoptosis was ob-

served in SiHa-m transfectants

compared with SiHa-pc3 or un-

treated SiHa cells. (A) Flow cy-

tometry of apoptosis assay (a)

SiHa-m, (b) SiHa-pc3, and (c)

SiHa cells. (B) Cell cycle distri-

bution in (a) SiHa-m, (b) SiHa-

pc3, and (c) SiHa cells.
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55.9% and 30.5%, respectively. Comparing the SiHa-m

group with the other two groups, the cell ratio of G1 phase

was increased but in S phase it was decreased (p < 0.05).

No difference was observed between SiHa and SiHa-pc3 (p
> 0.05). This result shows that the maspin expression plas-

mid can inhibit cell proliferation effectively and increase the

apoptosis rate of SiHa cells. Additionally, the empty plasmid

did not influence the cell cycle and apoptosis of SiHa cells. 

Effects of maspin expression on SiHa cell proliferation
To test whether the maspin gene has a role in the inhibition

of growth of SiHa cells, the authors examined its effect on

cell proliferation by MTT method. The MTT result was con-

sistent with the flow cytometry analysis at different time in-

tervals after transfection (Table 1 and Figure 6). Statistical

analysis showed that the absorbance value of the SiHa-m

group was less than those of the SiHa and SiHa-pc3 groups

(p < 0.05). According to the three kinds of cell growth curve

(Figure 6), the cell growth speed of the SiHa-m-transfected

expression vector of maspin was slower than those of the

SiHa-pc3 and SiHa (p < 0.05). No significant change was

found in the cell proliferation between SiHa and SiHa-pc3 (p
> 0.05). These results indicate that the total living cells in

SiHa-m are less than those of SiHa and SiHa-pc3, and that

maspin strongly restrains the proliferation of SiHa cells.

Discussion

Zou et al. [1] first reported that maspin could significantly

inhibit the invasion and metastasis of breast cancer cells in

vitro. Many researchers demonstrated that maspin expression

is downregulated in many tissues and maspin overexpression

can inhibit the growth of tumors. They also confirmed that

the basic mechanism of maspin tumor suppressor function

was carried by apoptosis.At the same time they proposed that

it was modulated through several pathway. Studies have

shown that maspin upregulation may cause a retarding cell

proliferation in gastric cancer and suppress the survival of

lung cancer cells. Prostate cancer cells DU-145 with high

maspin expression was more sensitive to apoptosis. It may be

modulated through Akt pathway. Several studies demon-

strated that maspin overexpression modulates tumor cell

apoptosis through the regulation of Bcl-2 family proteins.

High levels of maspin can increase Bax expression, inhibit

Bcl-2, and can enhance the sensitivity of cell apoptosis

through the mitochondrial pathways mediated by Bax [9–14].

Other studies have found that maspin inhibits the develop-

ment or progression of malignant tumors through some mech-

anisms, such as the 53 dependent pathway [15, 16].

Many researchers confirmed that maspin expression is

downregulated in many tissues; therefore they proposed that

maspin gene can be treated as an effective tumor marker in

the prognosis, chemotherapy monitoring, and metastasis of

cancers. Xia et al. found that decreased maspin expression

may significantly enhance the metastatic potential of Stages

I and II squamous cell carcinomas, whereas high tumoral

maspin expression improves the survival of patients with oral

squamous cell carcinoma of the tongue [17, 18]. Hence based

on these researches, some drugs or medical technologies that

can strengthen the expression of maspin may be used to in-

hibit the growth of tumor. However, the role of maspin in tu-

morigenesis remains a matter of controversy. In recent years,

many researchers have found that maspin gene is overex-

pressed in the pancreas, gallbladder, colorectal, etc. Liu et
al. performed the research by immunohistochemical stain-

ing on pancreatic tissue and demonstrated that more than

90% of cases of ductal adenocarcinoma, as well as all high-

grade precancerous lesions (PanIN3) were positive for

maspin, and normal pancreatic ducts and low-grade precan-

cerous lesions were usually negative for maspin [19]. Kim et
al. compared the pattern of maspin expression in 101 gall-

bladder cancers, 25 adenomas, and ten normal gallbladder

specimens. The positivity of maspin expression was found

more than in half of gallbladder cancers, whereas no maspin

was expressed in adenomas and normal mucosa of gallblad-

der [20]. These data show that maspin may play different

role in the carcinogenesis, tumor invasion, metastasis, and

angiogenesis of cancers. Its relationship to carcinomas opens

a new angle to the discussion on its function in cancer.How-

ever, it needs more in-depth studies to make them clear.

In the present study, the authors selected the SiHa cell line

based on several unique features. First, cervical squamous

carcinoma (SCC) accounts for a large percentage (80%–

85%) in cervical cancer. Secondly, a large percentage of 90%

among these cervical cancer patients are infected with HPV

16. The cervical cancer SiHa cell line contains a large num-

ber of copies of the HPV 16 viral genome. Consequently,

this study was performed to evaluate the biological charac-

Figure 6. — Cell growth curves of SiHa, SiHa-pc3, and SiHa-m

cells. SiHa cells were stably transfected with pc3-maspin vector

or pc3 empty vector. The cell proliferation was measured using

MTT assay and was presented by the light absorption value.The

absorption value was determined by enzyme linked immune de-

tector with 490nm wavelength for five days. Data are means ± SD.
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teristics of maspin overexpression on SiHa cell line. The re-

sult of FACS confirmed that the apoptosis rate of SiHa-m

obviously increased, whereas the percentage of S phase cells

decreased significantly. The MTT test also proved that the

growth speed of SiHa cells significantly slowed down.

Therefore, maspin gene expression in SiHa cells was en-

hanced, and the apoptosis ability of the tumor was increased.

These results suggest that maspin gene could inhibit the in-

vasion of human cervical SCC SiHa cells. Next the present

authors will select several cell lines to verify the function of

maspin on cervical carcinomas. Meanwhile they will mod-

eling a female nude mouse by seeding cells into its subcuta-

neous to detect the effect of maspin in vivo. Tumor growth

speed, the expression of maspin, and LMVD were detected

to evaluate the effect of maspin on tumor growth.

In strategies to treat malignant tumors, increasing atten-

tion has been given to gene therapy because of its safety and

effectiveness. Thus, an increasing number of researchers

have contributed in the research for specific target genes.

Studies and achievements in genetics and biology have in-

creased, and treatment strategies against cancer at the mo-

lecular level have been developed gradually. Therefore,

maspin re-expression may be a new molecular target in the

gene therapy for some cancers. Relative studies have inves-

tigated the use of maspin as a therapeutic agent against can-

cer. Zou et al. confirmed that maspin can inhibit cancer

growth and metastasis in a breast cancer mouse model

through a maspin DNA-liposome therapy. The current study

supports the tumor suppressor gene properties of maspin in

human cervical SCC. Cervical cancer as the most common

of gynecologic malignancies is second only to breast cancer

in women and remains one of the most important causes of

mortality in women worldwide. If the function of maspin in

inhibiting the growth of tumor is confirmed by modeling a

female nude mouse by seeding cells which was transfected

with maspin, maspin re-expression can be regarded as a new

molecular target in the gene therapy of human cervical SCC.

Moreover, further studies conducted on this subject would

be helpful in elucidating the exact mechanism of maspin.
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