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Introduction 

Prostate cancer is the most commonly diagnosed cancer in U.S. males. Due to the severity of 
this malignant disease, research of prostate needs to be focused on the treatment of prostate cancer 
and scientists in this field are obligated to accelerate the process of translation of their basic research 
into clinical usage. The object of this proposal is to understand the tumor suppressor function of 
maspin in prostate, and to explore maspin's role in normal prostate development. Maspin knockout 
mouse model will be employed to study the effects of loss of maspin function on mouse prostate 
tumorigenesis and development. We hypothesize that the presence of maspin (by stable transfection 
or by adenovirus mediated maspin gene delivery) will prevent or delay prostatic tumorigenesis and 
metastasis, while loss of maspin in mouse model will render it more susceptible to tumor formation 
and metastasis. We will take advantage of the powerful tool of mouse genetics by crossing maspin 
knockout mice with a well-characterized mouse prostate cancer model (TRAMP) to test this 
hypothesis. Prostatic tumorigenesis and normal prostate development will be studied using a variety 
of established techniques, including organ culture, histopathology, and molecular biology. 

The specific aims for this three-year proposal are: 
Aim 1. Examination of maspin as a tumor suppressor in prostate. I plan to test whether 

maspin inhibits tumor growth in cell culture and tumor progression in athymic mice. We will deliver 
maspin to prostate tumors by adenovirus mediated gene delivery technique. In this way, the 
effectiveness of maspin as a therapeutic agent can be directly evaluated. 

Aim 2. Examination of maspin knockout mice on tumor progression and normal prostate 
development. The effect of maspin gene disruption on prostatic tumorigenesis will be tested by 
crossing maspin KO mice with TRAMP mice. Maspin knockout mice will also be used to evaluate 
the loss of maspin on prostate development. The KO mice will be valuable to support our hypothesis 
if these mice are more susceptible to tumorigenesis and metastasis because of the loss of tumor 
suppressor, maspin. 

Body 

Materials and methods 

Animals 

Syngeneic C57BL/6 mice (for implantation of TRAMP tumor cells) were purchased from 
Harlan, Inc. All animals were maintained within the Pi's animal facility at Baylor. 
TRAMP cell lines were obtained from Dr. Norm Greenberg at Baylor College of Medicine. Maspin 

hetrozygous knockout mice were generated in Pi's laboratory. 

Antibodies 

Polyclonal anti-maspin antibody was made by Zymed, Inc. as a custom service. All 
secondary antibodies were purchased from Zymed, Inc. Antibodies to E-cadherin, ZO-1, PCNA 
were from Zymed, Pharmingen Inc. 



Northern and Western analysis 

RNAs and proteins were isolated from cells, prostate tissues. Total RNAs were isolated using 
Gibco/BRL Trizol regent. For northern blot, roughly 20 ug RNA will be loaded each lane. For 
Western blot analysis, protein extracts were prepared by lysing the cells in RIPA buffer. Total 100 
ug protein extract will be loaded for electrophoresis. 

Immunohistochemical analysis 

Prostate tissues were removed from male mice and dissected. Tissues were fixed in 10% 
neutral formalin buffer and embedded in paraffin and sectioned at 5 |im. For maspin 
immunostaining, tissues were boiled in citrate buffer (Zymed, Inc.) for ten minutes for antigen 
retrival. The antibody was produced in rabbit against a fifteen amino acid peptide located in the 
reactive site loop of maspin (AbS4A). The antibody was purified using an AbS4A sulfo-linked 
affinity column (Sulfolink kit. Pierce, IL). The sections were stained with the affinity purified 
maspin antibody at a dilution of 1:400, followed by a secondary goat anti-rabbit antibody staining, 
and the color was developed by Zymed's AEC chromogen kit. For specific peptide blocking, a 
concentration of 10 nM of AbS4A peptide was preincubated with antibody for thirty minutes'at 
room temperature. For PCNA staining, a PCNA staining kit was purchased fi-om Zymed (Zymed, 
Inc., CA) and slides were stained following the instruction of the kit. 

Early prostate morphogenesis 
Prostate tissues were dissected from day2-day 8 pups and the nodular structures were examined 
under microscope. The number of nodules was counted. 

Histology of old prostate tissues 
Mice of 6 to 12 months of age were biopsied and different prostate structures were dissected and 
processed for histology analysis. 

Results and Discussion 

Task 1. Examination of maspin as a tumor suppressor in prostate. 

We have overexpressed maspin in TRAMP prostate tumor cells by retrovirus infection. 
Retroviral stable transfectants were constructed. The plasmid constructs pS2-maspin GFP and pS2- 
GFP were transfected into 293T cells, along with pECO plasmid using ftigene reagent, to produce 
infecfive viral particles. The viral supematants were then allowed to infect C2N TRAMP tumor 
cells in the presence of polybrene. The transduced cells were then selected in presence of 100 ug/ml 
of zeocin for four weeks.   These cells were subsequently sorted by flow cytometry for green 
fluorescence emitted by GFP.   The retroviral stable transfectants were fiirther selected as individual 
clones from 96 well titer plates. These retroviral stable transfectants were then analyzed for the 
presence of human maspin cDNA by RT-PCR. The expression of maspin cDNA was detected by 
Western blotting by mouse monoclonal antibody to human maspin (Pharmigen) and by 
immunostaining with ABS4a antibody to mouse maspin. 



These retroviral stable transfectants will be further characterized by in vitro experiments, by 
comparing the maspin transfectants versus the vector-alone transfectants and parental C2N cells, for 
their growth rate, anchorage-independent grov^h on soft agar, and tvunorigenicity. The tumor cell 
invasion and metastasis will be compared in vitro by cell adhesion and motility assays.   We will 
also analyze the changes in cell adhesion in the presence of various extracellular matrix (ECM) 
proteins and thereby investigate their ability to attach to the basement membrane. This study was 
published in the Journal of Urology in 2003; an editorial paper for our study was published in the 
same issue. 

We have carried out in vivo experiment to examine the tumorigenic potential of these 
transfectants in syngenic mice. For this purpose, parental C2N cells and maspin stable cells are 
injected subcutaneously into C57BL/6 mice.   Tumor growth rate in vivo will be monitored and 
samples are taken for analysis. Surprisingly, most of C2N cells inoculated developed into palpable 
tumors. However, none of the maspin stable clones have developed any tumors after extended time 
of observation, demonstrating those maspin ftmctions to inhibit prostate tumor in vivo. To determine 
other factors which may contribute to maspin's tumor suppression property, we utilized a tumor 
spheroid 3D-culture system. We grew the control C2N cells and C2N-46 maspin expressing cells in 
3D-tumor spheroids. These spheroids were harvested, embedded in paraffin, and sectioned to 5 |xm 
slides for H&E histology. Control C2N and maspin-expressing C2N-46 tumor cells both formed 3D 
tumor spheroid, and H&E histology showed that tumor cell morphology was similar to that of the 
C2N tumors in mice. However, when we examined sections of tumor spheroids for apoptosis rate by 
the TUNEL assay, C2N-46 tumor cells had a significant higher rate of apoptosis than that of C2N 
control (see attached appendix). This data suggest maspin induced apoptosis may represent a major 
contributing factor for the inhibition of prostate tumor growth in vivo. 

Another important factor for tumor growth in vivo is that tumor cells require vasculature 
network to support their growth. Since we have demonstrated that maspin is an angiogenesis 
inhibitor in other system, we determine whether C2N-46 maspin transfectants secret maspin to 
inhibit angiogenesis. We cultured C2N-46 and C2N cells and collected conditional medium from 
both cell cultures. Western blot analysis demonstrated that C2N-46 cells were capable of secreting 
maspin protein to the conditional medium .We then examined the ability of the C2N-46 condition 
medium to affect human umbical endothelial cell (HUVEC) migration by a modified Boyden 
chamber assay. HUVEC cells were subjected to the treatment of condition medium from C2N-46 
cells or C2N control cells. Significant differences in cell migration were observed between control 
and C2N-46 medium treated samples (p<0.003). Maspin-blocking antibody was used in the 
migration assay. Addition of maspin antibody blocked maspin's inhibitory effect on migration, while 
control preserum had no adverse effect. These data indicate that C2N-46 transfectants expressed 
sufficient amount of maspin. These maspin proteins were effectively secreted and acted to inhibit the 
endothelial cell migration. This study has recently been submitted and the manuscript was attached 
in the appendix. 

Task 2. The effect of maspin gene disruption on tumor progression and normal prostate 
development. 

Because homozygous deletion of maspin is lethal, we decided to assess the partial loss of maspin 
on tumor progression. We hypothesize that maspin heterozygous mice may display gene dosage 
phenotype in prostate. Therefore, we crossed the maspin KO mouse with the TRAMP mouse for 
tumor study in late 2000. However, a tropical storm in the June of 2001 had wiped out most of the 
maspin knockout mice and the mice for this tumor study. Due to time limit, we designed an 



alternative approach. This involves implanting maspin wildtype and knockout ES cells into kidney 
capsule of wildtype mice and compare the tumor growth rate of these KO ES cells with wildtype ES 
cells in vivo. Our result was not conclusive partly due to the lack of method to monitoring kidney 
tumor growth rate and relative small number of animals planned for this experiment. In addition, we 
fear that the kidney tumor may not be able to completely mimic what happens in prostate cancer. 
Facing the time limitation of this grant, we decided to focus rather on the second part of this specific 
aim. That is to study the deletion of maspin on normal prostate development. 

The study of maspin deletion on prostate development has generated fruitful information. We 
specifically examined two different time courses of prostate development. One is the early prostate 
ductal morphogenesis and the other is the development in old mice from 6 to 10 months of age. 
Maspin heterozygotes were crossed. Newborn male mice at day 2-day 8 were dissected for anterior 
and ventral prostate. The number of nodes were counted. Our data showed that maspin KO mice had 
significant reduced numbers of nodes in both AP and VP than wildtype mice. The KO AP and VP 
showed increased stromal recruitment and smaller lumen size (see Figl &2). 
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Fig. 1. Morphological analysis of day 8 prostate (AP, VP) in maspin +/+ and maspin+/- mice. 
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Fig.2 Histology of day 8 Mp+/+ and Mp+/- prostate (AP). Note the increased stroma in Mp+/- AP. 



Staining of sections with E-cadherin and ZO-1 revealed changed polarity of epithelial cells in KO 
AP and VP. We are currently collaborating with Dr. David Rowley to investigate whether this is due 
to the generation of reactive stroma in maspin KO prostate. For the old prostate, maspin KO mice 
had increased hyperplasia (PIN) in VP and AP. We are currently carrying out immunostaining for 
both proliferation and TUNEL assay. These findings indicate that maspin plays a role in normal 
prostate development. This work clearly will lead to a good publication although we are unable to 
finish it by the grant deadline. It has laid a good foundation for us to continue to study maspin in 
prostate in the future. 

Key research accomplishments 

This study has generated two manuscripts and the study of maspin knockout mice is still in progress. 

Reportable outcome 
1. Maspin fimctions as a tumor suppressor by increasing cell adhesion to extracellular matrix in 

prostate tumor cells. Shaji Abrdiam, Weiguo Zhang, Norm Greeenberg, and Ming Zhang. J. of 
Urology, 2003, in press. 

2. Maspin inhibits prostate tumor growth in a syngeneic mouse model. Heidi Shi, Longjiang Shao, 
and Ming Zhang. Manuscript attached. 

3. The study of maspin heterozygous knockout mice has generated very exciting data. 

Conclusion 
Two tasks proposed in the grant were initiated in the first year of proposal. The study of 

maspin overexpression has established the role of maspin in suppressing prostate tumor 
development. We have shown that maspin inhibits prostate tumorigenesis by both in vitro and in 
vivo approaches. This study resulted in one publication and one paper was under review. The project 
on maspin knockout mice was partially completed. It was affected by the tropical storm. We have 
recently identified interesting phenotypes in the prostate of maspin heterozygous mice. Continued 
study will likely generate more information about maspin's role in normal prostate development. 

Reference 

None 
Appendices 

1. Manuscript for J.U. 
2. Manuscript submitted. 
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MASPIN FUNCTIONS AS A TUMOR SUPPRESSOR BY INCREASING 
CELL ADHESION TO EXTRACELLULAR MATRIX IN PROSTATE TUMOR 

CELLS 

SHAJI ABRAHAM, WEIGUO ZHANG, NORMAN GREENBERG* AND MING ZHANG 

From the Baylor College of Medicine, Department of Molecular and Cellular Biology. Houston, Texas 

ABSTRACT 

Purpose: Maspin, a unique member of the serine protease inhibitor family, shows tumor 
suppressing activity for breast cancer progression and metastasis. Few studies have directly 
linked maspin function to prostate cancer. We used prostate tumor cells derived fix)m the TRAMP 
(transgenic adenocarcinoma of mouse prostate) prostate tumor model to study the timior sup- 
pressive function of maspin in prostate cancer. 

Materials and Methods: Maspin cDNA was introduced via a retroviral plasmid into TRAMP 
C2N prostate tumor cells, which are aggressive and invasive in nature. We investigated the 
tumorigenesis of these stable cell lines in vitro by assessing the growth rate, anchorage inde- 
pendence and adhesion to extracellular matrix proteins such as fibronectin and laminin. 

Results: Stable cell lines expressing maspin had decreased tumorigenic potential, as assessed 
by anchorage independent growth in soft agar assay compared with controls. Maspin stable 
transfectants showed decreased metastatic potential, as evaluated by modified Boyden chamber 
assay and increased adhesion to fibronectin and laminin. 

Conclusions: Our study confirms that maspin has a tumor suppressive role not only in breast 
cancer, but also in prostate cancer. The data in this study surest that maspin can decrease the 
tumorigenic and metastatic potential of prostate tumors, most probably by remodeling cell- 
extracellular matrix interactions or triggering extracellular matrix mediated signahng pathways 
that negatively regulate tumor migration and invasion. 

KEY WORDS: prostate, prostatic neoplasms, neoplasm metastasis, cell adhesion, disease progression 

Prostate cancer is one of the leading cancer related deaths the direct involvement of maspin in the suppression of pri- 
in men older than 55 years.* Essentially a thorough under- mary tumor and metastasis.*-*^ When transgenic mice over 
standing of the disease progression at the molecular level is expressing maspin in mammary epithehal cells under the 
important for alleviating and achieving an effective cure. In control of mammary specific whey acidic protein promoter 
vitro prostatic cells and in vivo animal models serve as good were crossed with a strain of oncogenic whey acidic protein- 
model systems to identify prognostic markers for early dis- simian virus 40 T antigen mice, the resulting bitransgenic 
ease detection and find therapeutic agents for treatment.* mice showed inhibited tumor growth and metastasis.*^ In 
We investigated the effect of maspin effect in prostate tumors addition, when we tested the tumor suppressing activity of 
in vitro in the TRAMP (transgenic adenocarcinoma of mouse maspin in a TM40D syngeneic model in which TM40D cells 
prostate) animal model.^ or maspin transfectants were implanted back into a mam- 

Maspin, initially identified from normal mammary epithe- mary gland, we found that the tumor growth and metastasis 
lial cells, is a unique member of the serine protease inhibitor rates were significantly decreased in maspin transfectants.*° 
family that has been foimd to inhibit breast tumor develop- These data demonstrate that maspin blocks primary tumor 
ment.* Among the serine protease inhibitor proteins maspin growth and metastasis in immunocompetent animals. *^'*° 
is considered a class II tumor suppressor gene,* since the Despite much data supporting the tumor suppressing role 
gene is not mutated or deleted, but transcriptionally down- ^f maspin in breast cancer few studies have directly linked 
regulated in breast cancer.® Several studies have alluded to maspin function in prostate cancer. For instance, maspin 
the tumor suppressive effects of maspin. For example, recom- ggj^g expression is down-regulated in prostate cancer cells*® 
binant maspin protein inhibits breast tumor cell migration ^g ^gji ^g ^ chnical prostate cancer specimens.*' Recombi- 
and invasion.'''® Zhang et al observed the inhibitory effect of ^^^^ maspin made in vitro inhibits prostatic cell migration.® 
maspin on angiogenesis in rat cornea and in a xenograft However, Umekita et al noted that rat maspin did not inhibit 
model.^ High maspin expression was associated with the prostate tumor progression in rat derived cells.*® Since in the 
absence of lymph node metastasis and better overall survival -j-RAMP prostate animal model tumors develop that closely 
in oral squamous cell carcinoma. FinaUy the mhibition of resen^yg human prostatic disease,^ we examined the role of 
human breast cancer by peroxisome proliferator activated j^^^i^ j^ mouse prostate tumor cells. Thus, we introduced 
receptor-7, a differentiation agent, and y Unolemc acidwas ^j^^ maspin gene into C2N TRAMP prostate tumor cells, a 
associated with up-regulation of the maspm gene. ■ These ^^My tumorigenic and invasive cell line,*^ by a retrovirus 
studies suggest the significance of maspin for negating tumor approach 
development. ,,      ^       •     i-   ^ In this study we investigated the consequence of maspin 

Several animal studies done at our laboratory imphcate ^^^ession in TRAMP cell Unes as a prelude to elucidating its 
Accepted for publication September 13, 2002. function in vivo in prostate tumors. In particular we were 
^-S^AR^^Alt^^^o^^'^^r. U.^ interested in identifying whether maspin^could decrease the 

Genzyme, Amgeo and Encore Pharmaceuticals. tumongehic and metastatic potential ot C2N tumor ceUs. We 
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report that maspin can inhibit tumor invasion and increase 
cell-extracellvdar matrix (ECM) adhesion of invasive C2N 
timior cells. Thus, maspin functions as a tumor suppressor, 
probably by remodeling cell-ECM interaction, in this pros- 
tate cancer model. 

MATERIALS AND METHODS 

Cell lines and tissue culture conditions. C2N cells were 
grown in Dulbecco's modified Eagle's medium (DMEM) with- 
out Na pyruvate supplemented with 50% heat inactivated 
fetal bovine serum and 50% Nu serum (Becton Dickinson, 
Sunnyvale, Cahfomia), 0.0001 M. dihydrotestosterone, 
0.05% insulin (Sigma Chemical Co., St. Louis, Missouri), and 
0.05% peniciUin and streptomycin at 37C in 5% COg. Human 
embryonic 293T cells were grown in DMEM containing 10% 
heat inactivated fetal bovine serum at 37C in 5% COj. 

Plasmid constructs. The retroviral plasmid pS2-green flu- 
orescent protein (GFP) was constructed by inserting GFP- 
zeocin fi-om pTracer-CMV (Invitrogen, Carlsbad, California) 
into pS2, a retroviral plasmid containing the 5' and 3' long 
terminal repeat regions.'^" The 1.2 kb human maspin cDNA 
was amphfied by polymerase chain reaction (PCR), filled in 
with Klenow enzyme and cloned into pS2-GFP vector at the 
Apa I site. The resultant plasmid construct was named pS2- 
GFP maspin. 

Establishment and selection of stable transfectants. The 
retroviral plasmid constructs pS2-GFP or pS2-GFP maspin 
(10 iu«.) were transfected into 293 T cells with 10 fig. pCL-Eco 
plasmid using fugene reagent, as described by Naviaux et 
al.^^ After 24 hours C2N TRAMP cells were grown in the 
presence of polybrene (10 n^Vml) and viral particles for 3 
hours. Virus containing mediiun was then replaced by fi-esh 
medium. The cells were allowed to grow for a week and then 
GFP or GFP-maspin stable transfectants were selected in 
growth medium containing 100 /igVml. zeocin for 2 weeks. 
Stable transfectants were further sorted by an Altra 
(Beckman-Coulter, Inc., Chaska, Minnesota) flow cytometry 
and pools of GFP expressing cells were obtained. Control 
GFP expressing cells were confirmed for green fluorescence 
by microscopy using a model DMRB (Leica Mikroskope und 
Systeme GmbH, Wetzlar, Germany). GFP-maspin expressing 
cells were plated into 96-well plates and subclones of stable 
transfectants were isolated. Reverse transcriptase (RT)-PCR, 
Western blotting and immunostaining experiments con- 
firmed the presence of the GFP-maspin gene in the stable 
transfectants. 

Western blot analysis. The cells were lysed in RIPA buffer 
containing protease inhibitors (aprotinin, leupeptin and phe- 
nylmethylsulfonyl fluoride) and 50 /j^. protein were size fi-ac- 
tionated on 10% sodium dodecyl sulfate-polyacrylamide elec- 
trophoresis gel. The proteins were transferred onto a 
polyvinylidine difluoride membrane (BioRad Laboratories, 
Hercules, California), blocked in 5% nonfat dry milk ovemi^t 
and immimoblotted with maspin antibodies (Pharmingen, San 
Diego, California). With the signal amplified by secondary an- 
tibody linked to horseradish peroxidase it was detected by an 
enhanced chemilmninescence kit (Pierce, Rockford, Illinois). 
The blots were stripped and re-probed with ^-actin antibodies 
(Santa Cruz Biotechnology, Santa Cruz, California) to confirm 
equal sample loading. 

Cell proliferation assay. Stable GFP or GFP-maspin C2N 
transfectants were plated at a density of 1 X 10^ cells per 
well in a 24-well plate in triplicate. At indicated time points 
of 1, 2, 4, 6 and 8 days growth was measured by MTS 
(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2- 
(4-sulfophenyl)-2H-tetrazolium) (Promega, Madison, 
Wisconsin) assay according to the manufacturer protocol. 
Absorbance was recorded at 420 nm. using an MRX (Dynex 
Technologies, Inc., Chantilly, Virginia) model microplate 
reader. 

Cell adhesion assay. Stable GFP and GFP-maspin trans- 
fectants were harvested, washed with 1 X phosphate buff- 
ered sahne, re-susp)ended in serum fi"ee medium with bovine 
serum albumin (10 mgyml.) and plated at a density of 1 x 10^ 
cells per well in a 24-well plate pre-coated with laminin (25 
(ugVml.) or fibronectin (25 pigyml.). The cells were incubated 
at 37C and 5% COg for 2 hours. Nonadherent cells were 
removed by aspiration and adherent cells were washed 3 
times with 1 x phosphate buffered sahne. Total cell associ- 
ated protein was determined by adding 200 /A. BCA (Pierce) 
working solution directly to the wells, incubating at 60C for 
2 hours and lysing with 0.1% sodium dodecyl sulfate. The 
absorbance of each well was determined at 562 nm. in an 
MRX model microplate reader. Experiments were repeated 3 
times in triphcate. 

Colony formation in soft agar. For this assay the bottom 
layer contained 0.6% agarose in DMEM, while the top layer 
contained 0.3% agarose. Stable transfectants were seeded at 
a density of 6,000 cells per well in a 6-well plate in triplicate. 
The plates were incubated at 37C with 5% COg for 3 weeks 
and then stained with p-iodonitrotetrazolium violet (1 mg./ 
ml.) for 16 hoiirs at 37C. Colonies greater than 1 mm. were 
counted under an inverted microscope (Leica). Colony forma- 
tion was assessed in 3 independent experiments. 

Cell invasion assay. Cell invasion was performed in a mod- 
ified Boyden chamber assay. Briefly, the inner chamber of 
MilUcell (Millipore, Bedford, Massachusetts) polycarbonate 
filters (pore size 8 pan.) coated with 2.5 mM. Matrigel in 
serum-fi-ee DMEM was dried overnight at room temperature 
under ultraviolet Ught. The pre-coated filters were placed in 
24-well plate that formed the lower chamber and the lower 
chamber was filled with DMEM containing 10% serum. Cells 
were seeded at a density of 6 X 10* cells per well and incu- 
bated at 37C for 4 hours with 5% COa- After incubation cells 
remaining in the inner chamber were removed with a cotton 
swab. CeUs on the outer surface of the inner chamber were 
fixed with 3% glutaraldehyde solution and stained with he- 
matoxyUn and eosin. Cells that penetrated the inner cham- 
ber were coimted using an 1X70 (Olympus Optical Corp., 
Melville, New York) phase contrast microscope. Experiments 
were performed in triplicate and repeated twice. 

Statistical analysis. All statistical significance was deter- 
mined by Student's t test with p <0.05 considered statisti- 
cally significant. Graphic presentation of the data was done 
using Excel (Microsoft, Seattle, Washington) spread sheet 
software. 

RESULTS 

Stable expression of maspin in C2N TRAMP cells. C2N 
prostate tiunor ceUs are highly invasive and tumorigenically 
isolated fi-om a primary prostate tumor in TRAMP mice. In 
this cell Hne maspin expression was not detected by RT-PCR 
and Western blot analysis (data not shown). To re-express 
maspin we transfected retroviral vectors pS2-GFP or pS2- 
GFP maspin into C2N cells. Zeocin resistant cells were sorted 
by flow cytometry and pools of GFP expressing cells were 
isolated (data not shown). Stable transfectants expressing 
variable levels of maspin were subcloned. A total of 52 single 
cell clones expressing variable levels of maspin were identi- 
fied and representative clones were further characterized. 
They were examined for maspin mRNA expression by RT- 
PCR and for protein by immimostaining (data not shown). 
The level of maspin expression was quantitated by Western 
blot analysis. Figure 1 shows that 1 representative clone 
(clone 2) expressed a low level of maspin and 2 (clone 25 and 
46) expressed medium and high level of maspin, respectively, 
while the control pS2-GFP clone had no detectable maspin 
expression. These clones were used for subsequent experi- 
ments. 

Effects of maspin on cell proliferation in C2N tramp cells. 
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FIG 1 Western blot analysis of C2N maspin-GPP stable transfec- 
tants. Cell lysates (50 ^g) from C2N stable transfectants were 
fractionated on 10% sodium dodecyl sulfate-polyaciylamide gel elec- 
trophoresis gel, transferred onto polyvinyhdme difluonde membrane 
and probed with mouse monoclonal antibody to human maspm. 
Band (42 kDa.) was identified in several clones. Blot was stnpped 
and probed with ;3-actin antibodies for equal sample loadmg. 

To investigate the biological effects of maspin on invasive 
C2N cells we tested the growth rates of stable transfectants. 
When cells were grown in log phase for 2 to 5.2 days, a 
striking variation in the growth pattern was observed among 
stable transfectants on MTS assay. Cells reached confluence 
by days 6 to 7, after which the assay was stopped. Indeed, 
stable transfectants expressing maspin showed a lower 
growth rate than control transfectants (pS2-GFP) and the 
parental cell Une. Moreover, the level of maspin expression 
determined growth inhibition in a dose dependent manner. 
Clone 2 expressing low levels of maspin had lower growth 
inhibition than high maspin expressing clones 25 and 46. The 
vector-only control clone had a growth pattern similar to that 
of parental C2N cells (fig. 2). These data indicate that maspin 
was responsible for growth suppression. 

Effect of maspin on anchorage independent growth ofC2N 
cells. We determined the antimetastatic potential of maspin 
in vitro by soft agar assay. After plating 6 X 10 cells in 
triphcate in soft agar the number of colonies formed and 
colony size were analyzed at the end of 3 weeks. Colonies 
greater than 1 mm. were scored. Figure 3 shows that GFP- 
vector only stable transfectants demonstrated a higher capa- 
biUty of colony formation in soft agar, while clones over 
expressing maspin showed a lower capabihty of colony for- 
mation (p <0.01). Moreover, plating more cells or increasing 
incubation period did not increase the colonies of clones 25 
and 46 (data not shown). These data indicate that maspin 

C2N-GFP C2Nniupln-GFP/2S C2N iiua(iin-GFP^4e 

FIG 3. Anchorage independent ^wth of maspin expressmgC2N 
cells. Clones indicated were plated in soft agar in triphcate m 6-weU 
plate and incubated at 37C in 5% CO, for 3 weeks. Cells were stained 
with p-nitrotetrazolium violet for 16 hours at 37C, counted and 
photographed using dissecting microscope linked to Leica camera. 
Each sample was assayed in trrolicate and experiment was repeated 
twice. Error bars represent ± SD. 

expression decreased the anchorage independent growth ca- 
pacity of C2N cells. 

Increased adhesion of maspin transfectants to ECM com- 
ponents fibronectin and laminin. Cell adhesion to ECM is a 
preliminary step involved in invasion and metastasis. ECM 
consists of a composite pool of matrix proteins with laminin 
and fibronectin as its major components. Therefore, we in- 
vestigated the abihty of stable transfectants to adhere to the 
ECM protein fibronectin or laminin. On adhesion assays 
maspin stable transfectants showed a 60% to 70% increase in 
binding to laminin and fibronectin compared with vector-only 
control transfectants (fig. 4). Such changes in adhesion to 
laminin and fibronectin were statistically significant 
(p <0.02 and <0.01, respectively). These data demonstrate 
that maspin can indeed increase the abihty of cells to adhere 
to ECM molecules, although in a dose independent manner. 

Decreased chemo-invasion of maspin transfectants in vitro. 
The metastatic potential of tumors depends on the ability of 
the tumor cells to invade through the basement membrane 
and migrate to distant sites. We examined the abihty of 
maspin transfectants to penetrate Matrigel using the modi- 
fied Boyden chamber assay. Significant differences in cell 
invasion were observed in vector-only transfectants and 
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FIG  2  Growth inhibition of C2N maspin-GFP expressingclones. Cells were se^ed at 1 X 10^ m 24-weU plate and growth was measured 
by MTS assay on days indicated. Error bars represent ± SD of 3 expenments. OD, optical density. 
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FIG. 4. CeU adhesion of stable traosfectants to matrix proteins. A, adhesion assav of stable transfectants to fibronectin. CeUs were ^ded 
onto wells coated with 25 ftg-ZmL fibronectin and incubated at 37C for 2 hours. Cell density was measured by protem estimatioii "smg BCA 
^^en^f^esion assay of stable transfectants to laminin. CeUs were seeded onto weUs coated with 25 ^f{'nyTn^^P^pWnA^one 
37(ffor 2 hours. CeU density was measured by protein estimation using BCA reagent. Error bars represent ± SEM of 3 experiments done 
in triphcate (p <0.05). O.D., optical density. 

maspin transfectants. The rate of invasion was significantly 
higher in vector-only transfectants than in stable transfec- 
tants expressing maspin (fig. 5). Clone 2 expressing a lower 
maspin level had a higher rate of invasion, similar to vector- 
only transfectants. A dose dependent decrease in invasion 
was observed (p <0.05). These data show that maspin ex- 
pressed in prostate tmnor cells could actively inhibit the 
ability of their invasion through Matrigel. 

DISCUSSION 

In the current study the maspin gene was expressed endo- 
genously in highly invasive C2N TRAMP cells by retrovirus 
infection. Clones 2, 25 and 46 were arbitrarily selected based 
on maspin expression (low, medium or high) at the protein 
level. Our data indicated that cells expressing maspin were 
less invasive in Matrigel and showed less ability to grow in 3 
dimensions in soft agar assay than control cells. Maspin 
expression also seemed to increase ceU-ECM contact as as- 
sessed. Together these findings suggest that the tumor sup- 
pressive effect of maspin in prostate tumors is most probably 
achieved through cell-ECM interactions. 

Tumor invasion and metastasis represent a complex pro- 
cess involving protease degradation of the basement mem- 
brane, migration and invasion of timior cells.J^^ A key ques- 
tion is how maspin exerts its tumor suppressing function in 
cancer. Sheng et al presented evidence in which maspin 

interacted with fibrinogen associated tissue plasminogen ac- 
tivator and with cell surface associated urokinase plasmino- 
gen activator.^^ Seftor et al showed that maspin suppressed 
invasive phenotypes of human breast cancer cells by modu- 
lating their integrin expression.' Recently Blacque and 
Worrall provided new evidence that maspin interacts with 
types I and III collagen directly, su^esting that maspin 
could exert its anti-invasion and antimetastatic function by 
modulating cell adhesion with the extracellular matrix.^ 
Two major components of ECM in prostate and mammary 
glands are laminin and fibronectin. To test whether maspin 
expressing prostate tumor cells had different cell adhesion 
affinity to laminin and fibronectin than those without 
maspin or lower maspin expressing cells we performed a cell 
adhesion assay. In the presence of either matrix molecule 
maspin stable transfectants adhered more to matrix compo- 
nents than control cells. This result is consistent with a 
previous study in which MDA 231 breast tumor cells treated 
with maspin had increased integrin activity, which resulted 
in increased cell adhesion to fibronectin.' Moreover, Ngam- 
kitidechakul et al noted that comeal stromal cells increased 
adhesion to fibronectin and laminin in the presence of exog- 
enous maspin.^*^ The increased adhesion of maspin express- 
ing C2N cells would likely make them more attached to the 
ECM, thus, preventing tumor cells fi-om migrating freely 
through the basement membrane or triggering ECM medi- 
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FIG 5 Decreased cell invasion of C2N maspin stable transfectants. A, representative view of cells on chamber membrane. Cells were 
seeded onto filters coated Matrigel in modified Boyden chamber assay and incubated at 37C for 4 hours. Invaded cells were stained and 
counted under microscope. H & E, reduced fi^m X400. B, analysis of cell invasion assay. Error bars represent ± £>D of 3 mdependent 
experiments (2-tailed t test p <0.05). 
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ated signaling pathways that negatively regulate migration. 
In addition, using the Boyden chamber system we evaluated 
the effect of maspin on C2N cell invasion. Figure 5 shows that 
maspin expressing clones were greatly inhibited in their 
abihty to invade through the matrix membrane. The differ- 
ence was highly significant and reproducible. Thus, our data 
conclusively demonstrate that maspin can inhibit C2N timior 
invasion in a fashion similar to that observed in breast tu- 
mors. Blocking tumor cell invasion and migration is an es- 
sential step for antimetastatic therapy because it limits tu- 
mor intravasation and extravasation. 

CONCLUSIONS 

Our study using TRAMP cells from the TRAMP mouse, an 
excellent model for prostate cancer, confirms the role of 
maspin as a tumor suppressor in prostate cancer. This study 
demonstrates decreased cell invasion in the presence of 
maspin, a phenomenon of paramount importance in metas- 
tasis. In fact, the tmnor suppressive role of maspin is most 
likely achieved by preventing tmnor cell invasion through the 
basement membrane and, thereby, preventing metastasis. 
Hence, the data further surest that maspin can be a ther- 
apeutic target not only for breast cancer, but also for prostate 
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Abstract 

Background. Maspin, a unique member of serpin family exhibits tumor-suppressing activity in 

breast cancer progression and metastasis. Few studies have directly linked maspin's function in 

prostate cancer. We have used prostate tumor cells derived from the TRAMP prostate tumor 

model to study maspin's tumor suppressive function in a syngeneic model and in cell culture. 

Methods. The maspin cDNA was introduced to TRAMP C2N prostate tumor cells, and stable 

transfectants were inoculated to syngeneic C57BL/6 mice for analysing maspin's effect in vivo. 

A 3D-culture system was exploited to study maspin's effect on tumor cell apoptosis. Condition 

medium collected from maspin expressing cells was used to determine the effect of secreted 

maspin on endothelial migration. 

Results. Maspin overexpressing tumor cells were inhibited in their abilities to form palpable 

tumor foci in syngeneic mice. We determined lung metastasis rate for C2N tumor model. In a 

3D-cell culture system, maspin expressing tumor cells displayed significant higher apoptosis rate 

as compared to control tumor cells. Maspin expressing cells also secreted sufficient amount of 

maspin that inhibited endothelial cell migration in Boyden chamber assay. 

Conclusion.   Our study confirms that maspin inhibits prostate tumor progression in syngeneic 

mouse model in vivo. Such inhibition is likely through the increased apoptosis in tumor cells and 

the decreased angiogenesis. 



Introduction 

Prostate cancer is one of the leading cancer related deaths in men over the age of 55 (1). 

Identification of genes involved in prostate cancer and understanding of their roles in tumor 

progression is important for cancer prevention and therapy. Several studies utilizing prostatic 

cells in vitro and in vivo animal models are reported which serve as good model systems in 

identifying prognostic markers in early disease detection, and in finding therapeutic agents for 

treatment (2).   One animal model is the TRAMP (transgenic adenocarcinoma of mouse prostate) 

animal model (3). In this model, SV 40 early region (T, t antigen) was targeted to the epithelium 

of the mouse prostate by a prostate specific promoter. TRAMP mice develops prostate tumors, 

which closely mimic human prostatic disease. Prostatic epithelial cell lines derived fi-om tumors 

of TRAMP mice were established (4). Some of them were highly tumorigenic and invasive 

carcinoma and can be used as an in vitro system to assess cancer therapy. 

Maspin, initially identified from normal mammary epithelial cells, is a unique member of 

the serpin (serine protease inhibitor) family, and foimd to inhibit breast tvmior development (5). 

Among the serpin proteins, maspin is considered a class II tumor suppressor gene, since the gene 

is not mutated nor deleted, but is transcriptionally down regulated in breast and prostate cancers 

(6). Several studies have alluded to the tumor suppressive effects of maspin. For example, 

recombinant maspin protein inhibits breast tumor cell migration and invasion (7, 8). 

Angiogenesis was inhibited in rat cornea and in a xenograft model by maspin (9). High level of 

maspin expression was associated with the absence of lymph node metastasis and with better 

overall survival in oral squamous cell carcinoma (10). Recent clinical studies have linked 



maspin's tumor suppression function with better prognosis in prostate cancer (11,12), suggesting 

the significance of maspin in negating prostate tumor development. 

To study maspin function in prostate tumor, we introduced maspin cDNA into C2N 

TRAMP prostate tumor cells, a highly tumorogenic and invasive cell line (4), by a retrovirus 

approach. In a recent study, we investigated the effect of maspin expression in TRAMP tumor 

cell adhesion and invasion (13). The data indicated that maspin could inhibit tumor invasion and 

increase cell-ECM (extracellular matrix) adhesion of invasive C2N tumor cells. To further test 

maspin's tumor inhibitory function in vivo, we implanted maspin expressing tumor cells and the 

control tumor cells into the syngeneic mice. Here, we report our finding that the presence of 

maspin inhibits the prostate tumor progression in implantation model. Furthermore, we 

demonstrated that this inhibition is due to the increased apoptosis and an inhibition of 

angiogenesis by the secreted maspin from C2N maspin transfectants. 

Materials and methods 

Cell lines and tissue culture conditions 

C2N cells were obtained from Dr. Norman Greenberg, grown in DMEM (w/o Na 

pyruvate) medium supplemented with 50% heat inactivated fetal bovine serum, 50% Nu 

serum (Beckton Dickson Lab, Inc., CA), 0.0001 M dihydrotestosterone (Sigma, MO), 

0.05% insulin (Sigma, MO) and 0.05% Penicillin and streptomycin at 37 °C and 5% CO2. 

Stable clones (C2N, C2N-46, C2N-25) which contain empty vector or maspin were 

established as described previously (13). Zeocin was purchased from Invitrogen Co., 

CA. 



Implantation of transfectants to C57BL/6 mice 

C57BL/6 mice were initially purchased from Harlan, Inc. and bred in our animal 

facility to generate offspring males of 8-week age. In group 1 and 2, the brother pairs 

were divided for the implantation of maspin clones or control clones. Tumor initiation 

was monitored twice a week by palpation. Timior volume was calculated using the 

formula: length x width^/2 (14). Tumor growth rate was monitored every two days by 

caliper measurement. 

C2N-46 maspin cells and C2N control cells were used in the implantation. All 

tumor cells were grown to 80% of confluence before being harvested for cell counting. 

Total 1x10^ maspin transfectant cells or equal number of control cells were suspended in 

100 \i\ of HEPES-buffered salt solution (HBSS) and were mixed with 100 M-I of Matrigel 

(Collaborative Research, MA). The mixtures were injected subcultaneously into the 

dorsal back of 8 week old male C57BL/6 mice (one inoculation site per animal). For 

group 1, 12 mice were used for C2N-46 maspin transfectants and nine for controls. In a 

separate experiment (group 2), 13 mice were used for C2N-46 and 12 mice for C2N. For 

the C2N inoculated group, mice were sacrificed when the primary tumors grew to about 

1.5 cm in diameter. For the C2N-46 inoculated group, all mice were sacrificed six months 

after inoculation. No palpable tumor was observed in any mice within this group. 

Tumor histology and immunohistochemistry 

Prostate tumors were fixed in 10% neutral formalin buffer, embedded in paraffin, 

and sectioned at 5 |xm. Sections were stained by H&E. Vessel density was evaluated by 

immunostaining using CD31 antibody. Tissue sections were treated with proteinase K (10 

|xg/ml) for 10 minutes at 37 °C and quenched with 0.03% of H2O2 in PBS for 30 minutes 
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at room temperature. The slides were blocked with 10% normal horse serum for 1 hour 

before they were treated with the primary antibody anti-CD31 monoclonal antibody 

(PharMingen, CA) was used at 1:50 dilution at 4 °C overnight. Slides were then rinsed 

and incubated with an avidin-biotin-peroxidase complex (ABC kit, Vector Laboratories, 

CA), followed by DAB color development (DAB kit, Zymed, Inc., CA). 

For lung metastasis analysis, lung tissues from all C2N inoculated mice (19 mice) were 

collected at the time of euthanasia. Fixed lung tissues were cut into 5 ^im sections. Two 

sections separated by 100 \im were stained with hematoxylin/eosin and examined for the 

presence of metastases. 

Three dimension cell culture system and TUNEL assay 

For spheroid 3D cell culture, the subcloned cells were seeded in non-precoated 

culture dishes and cultured in 37C, 5% C02 incubator with shaking for 3 days (15). As a 

result, cells did not attach to the substratum but simply grew and formed small 3D 

colonies. They were then transferred to Matrigel-covered petri dishes and kept in culture 

for one week. 

For timior section TUNEL assay, tumor samples were embedded and sectioned to 

5 jxM slides. In situ TUNEL assay was carried for sections as described previously. The 

number of prostate cancer cells undergoing apoptosis was determined by counting the 

number of apoptotic cells in the section. Four fields were counted for each tumor sample 

and the numbers were averaged. 



Migration assay 

Migration assay were carried out by a modified method as described previously 

(9). HUVEC cells (1.2x10^ cells/ml) were metabolically labeled by ^^S -leu and met 

amino acids (Amersham, Inc., NJ) for 1 hour and plated in serum-free basal media 

supplemented with 0.1%BSA in modified Boy den chamber (50 ^li). Test substances, 

which include condition medium, maspin antibody or preimmune serum were added to 

the top chamber (volume 5 \il). The radioactive labeled cells that were migrated to the 

bottom chamber were counted in a scintillation counter. 

Western blot analysis: Condition medium from C2N-46 and C2N cell culture were 

collected and concentrated 20 fold by centrifugation using centricon tube (Millipore, Inc., 

MI). The concentrated proteins (50 ^il) were size-fractionated on a 10% SDS-PAGE gel. 

Bacterial recombinant rMaspin protein (l|.ig) was loaded on the gel as a positive control. 

The proteins were transferred onto a PVDF membrane (Bio-rad, CA), blocked in 5% 

non-fat dry milk overnight, immunoblotted with maspin antibody (AbS4A) and, the 

signal amplified by secondary antibody linked to horse-radish peroxidase was detected by 

enhanced chemiluminiscence (Pierce, Rockford, IL) kit. 

Statistical Analysis: All statistical significance was determined by student's t-test (two- 

sided analysis) and Chi-square analysis. A p-value of < 0.05 was considered statistically 

significant. Graphic presentation of the data was done using Excel spread sheet software 

(Microsoft, Seattle, WA). 



Results: 

Maspin inhibits prostate tumor growthi in a syngeneic prostate tumor model 

The C2N prostate tvimor cells were isolated from a primary prostate tumor in TRAMP 

mice. This cell strain is highly invasive and tumorigenic. We have previously transfected maspin 

gene into C2N cells and established stable transfectants expressing variable levels of maspin. In 

the in vitro experiment, maspin transfectants were found to inhibit the soft agar colony 

formation, and increase tumor cell adhesion to ECM(13). To study maspin's role in vivo, we 

implanted maspin transfectants and control C2N tumor cells into the syngeneic C57BL/6 mouse 

to observe tumor growth in vivo. Two clones expressed medium and high level of maspin (clone 

#25 and #46)(13), and control clone which had no detectable maspin expression were used for 

subcutaneous implantation in C57BL6 mice. Two separate experiments were carried out using 

C2N and C2N-46 cells for implantation. The first group implanted 9 and 12 mice with C2N, and 

C2N-46 cells respectively. Eight of the nine C2N implanted mice developed palpable tumors. In 

the second group, which consists of 12 C2N control mice and 13 C2N-46 implanted mice, eleven 

of the 12 C2N control mice developed tumors. Overall, control tumor cells grew out palpable 

tumors with high frequency (90.5%). It took an average of 57 days for C2N tumors to grow 

from the size of 0.1 cm to 1.5 cm in diameter. However, none of our maspin transfectants had 

developed any palpable tumors in the syngeneic mice at time period comparable to that of C2N 

transfectants (Table 1). We have extended observation time for 6 months for C2N-46 implanted 

mice. No palpable tumors were observed in any C2N-46 implanted mice. The difference in 

tumor forming ability between C2N and C2N maspin transfectants was statistically significant 

(P<0.001, Chi-square). We also carried out additional implantation experiment (10 mice for 

C2N-25, 5 mice for C2N control) using C2N-25 cells, and we did not observe any tumor 
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formation for C2N-25 cells in a period of five months (data not shown). These data indicate that 

maspin inhibits prostate tumor progression in vivo. 

Histology analysis of C2N derived tumor samples confirmed the presence of 

adenocarcinoma (Fig.la,b). The tumors appeared to be very uivasive. In general, the presence of 

tumor encapsulation was associated with better prognosis. C2N tumor sections lacked tumor 

encapsulation (Fig. lb). They contained a high microvessel density as indicated by CD31 

immunostaining (Fig.lc), indicating that the growth of C2N tumors was highly dependent on the 

availability of tumor vasculatures (Fig. IB). Furthermore, we determined the metastasis 

frequency and the time course for C2N tumors in this syngeneic mouse model. Lung tissues from 

mice bearing C2N tumors were collected and sectioned for microscopic analysis. Two serial 

sections separated 100 nm were selected to score for micrometastatic tumor foci under high 

power microscope (Fig.ld). As shovra in Table 1, 42.1% (8 out 19) control mice developed lung 

metastasis. 

Effects of maspin on tumor cell apoptosis in 3D spheroid 

The maspin expressing transfectants had very limited growth inhibitory phenotype when 

they were grown in the presence of growth factors in cell culture(13). This partial block on 

proliferation does not explain why there is a complete suppression of tumor growth in vivo. To 

determine other factors which may contribute to maspin's tumor suppression property, we 

utilized a tumor spheroid 3D-culture system. We grew the control C2N cells and C2N-46 maspin 

expressing cells in 3D-tumor spheroids. These spheroids were harvested, embedded in paraffin, 

and sectioned to 5 \im slides for H&E histology (Fig.2). As shown in Fig.2, C2N and C2N-46 

tumor cells both formed 3D tumor spheroid, and H&E histology showed that tumor cell 



morphology was similar to that of the C2N tumors in mice (Fig.la,b). We examined sections of 

tumor spheroids for apoptosis rate by the TUNEL assay (Fig.3). The TUNEL assay revealed that 

C2N-46 tumor cells had a significant higher rate of apoptosis than that of C2N control (Fig.3C). 

This data suggest maspin induced apoptosis may represent a major contributing factor for the 

inhibition of prostate tumor growth in vivo. 

Serection of maspin by C2N-maspin transfectants and the inhibition of endotheliai cell 

migration by maspin 

Another important factor for tumor growth in vivo is that tumor cells require vasculature 

network to support their growth. Since we have demonstrated that maspin is an angiogenesis 

inhibitor in other system, we determine whether C2N-46 maspin transfectants secret maspin to 

inhibit angiogenesis. We cultured C2N-46 and C2N cells and collected conditional medium from 

both cell cultures. Western blot analysis demonstrated that C2N-46 cells were capable of 

secreting maspin protein to the conditional medium (Fig.4A). 

To determine whether the secreted maspin from C2N-46 is able to inhibit angiogenesis, 

we examined the ability of the C2N-46 condition medium to affect human umbical endotheliai 

cell (HUVEC) migration by a modified Boyden chamber assay. In this assay, HUVEC cells were 

metabolically labeled, placed on the upper chamber, and were subjected to the treatment of 

condition medium from C2N-46 cells or C2N control cells (Fig.4B). Significant differences in 

cell migration were observed between control and C2N-46 medium treated samples (p<0.003). 

To verify the specificity, maspin-blocking antibody was used in the migration assay. Addition of 

maspin antibody blocked maspin's inhibitory effect on migration, while control preserum had no 
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adverse effect (Fig.4B). These data indicate that C2N-46 transfectants expressed sufficient 

amount of maspin. These maspin proteins were effectively secreted and acted to inhibit the 

endotheUal cell migration. 

Discussion 

The tumor forming ability in vivo depends on both the properties of tumor cells 

themselves and the availability of vascular structure to supplement the nutrient for the growth of 

tumor cells. This is demonstrated in this study in which maspin expressing C2N prostate tumor 

cells are completely inhibited in their ability to form tumor foci in vivo. It is noted that when 

C2N-46 maspin transfectants and C2N control cells are both grown in the presence of serum 

minor difference in cell growth was observed between these two groups of tumor cells. We 

demonstrated that the major difference lied in the different rate of apoptosis when tumor cells 

were cultured in the 3D cell culture system. Maspin expressing tumor cells underwent significant 

higher rate of apoptosis. In addition, C2N-46 maspin cells secreted sufficient amount of maspin 

which directly inhibited the endothelial cell migration, thus the tumor angiogenesis. These 

properties explain why the presence of maspin completely inhibits prostate tumor progression in 

this syngeneic tumor model. 

The role of maspin in tumor growth inhibition has been mostly demonstrated in breast 

cancer models in vivo. Transgenic expression of maspin in mammary gland was shown to inhibit 

breast tumor progression in a SV40 T antigen induced tumor model (16). Additionally, we 

utilized a syngeneic mammary tumor model in which maspin was introduced to mammary tumor 

cells for stable expression. Significant inhibition of both primary tumor growth and metastasis 

was observed in maspin transfectants as compared to the control(17). To explore whether maspin 
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plays a similar role in prostate tumor, we carried out this study in which maspin gene was 

introduced into prostate tumor cells and the transfectants were implanted to a syngeneic tumor 

model. Our data are in line with the tumor suppressing activity of maspin as demonstrated in 

breast cancer model. Several recent clinical and experimental studies also support our 

conclusion. For instance, maspin gene expression is down regulated in prostate cancer cells (18) 

and also in clinical prostate cancer specimen (12). Recombinant maspin in vitro inhibits 

migration of prostatic cells (8). In a xenograft model, maspin was found to inhibit prostate 

osteolytic lesion and angiogenesis (19). 

The molecular mechanism underlying maspin's tumor inhibition is still not fully 

understood. Clearly, regulation of angiogenesis is one mechanism by which maspin exerts its 

inhibitory role. Our study confirmed that C2N-46 maspin expressing tumor cells were inhibited 

in tumor forming ability, partially because of the inhibition of angiogenesis by the secretion of 

maspin protein. Another new finding from this study is that maspin expressing tumor cells in a 

3D culture system underwent apoptosis in a significant higher rate than their C2N prostate tumor 

control. Under normal cell culture conditions in vitro, tumor cells are grown in the presence of an 

excess amount of serum and growth factors and therefore are less likely to undergo apoptosis. 

This is why the phenomenon of increased apoptosis has escaped people's attention in the past. 

Since maspin expressing tumors were completely inhibited in tumor formation assay, we 

examined the role of maspin in apoptosis in 3D tumor spheroids. The 3D model has a distinct 

advantage for both tumor-tissue interaction and for the interaction between normal epithelial 

cells and the extracellular matrix that surrounds them in forming life and death decisions (20). In 

the three-dimensional spheroid model, tumor cells in the center of spheroids have hmited access 
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to growth factors, which mimics more closely solid tumors in vivo. Our data showed that the 

tumor spheroids formed from maspin-expressing tumors had a higher apoptosis rate than that 

from C2N tumor controls, indicating maspin is actively involved in the induction of prostate 

tumor cell apoptosis. Our data strongly suggests that the induction of apoptosis and inhibition of 

angiogenesis represent two major mechanisms by which maspin inhibits prostate tumor 

progression in vivo. 
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Figure Legend 

Fig.l. Analysis of C2N prostate primary tumor, tumor vessel density, and lung metastasis 

by histology and immunohistochemistry. a. Histology of C2N tumor by H&E. Note 

tumor cells invade to the skin keratinocytes (arrow). B. Lack of tumor encapsulation in 

C2N tumor section, c. Immunohistolochemistry of CD31. Arrows indicate the tumor 

vessels, d. Histology of lung metastasis stained by H&E. Arrows indicate C2N timior 

cells. 

Fig. 2. C2N prostate tumor cells form 3D spheroids, a. Photograph of C2N tumor spheroid under 

inverted microscope, b. The C2N tumor spheroids were embedded and sectioned into 5 |xM 

section. The section was stained by H&E. 

Fig.3 TUNEL analysis of C2N and C2N-46 tumor spheroids. TUNEL staining of apoptotic cells 

in C2N (a) and C2N-46 (b) spheroids. Green cells indicated TUNEL positive cells. All cells 

were stained by DAPI (blue), c. Summary of TUNEL analysis for C2N and C2N-46 spheroids. 

Total number of cells counted were indicated as the N. 

Fig.4. Secretion of maspin by C2N-46 and inhibition of endothelial cell migration, a. Western 

blot analysis of maspin using condition medium collected from C2N and C2N-46. Bacterial 

recombinant maspin protein (rMas) was used as control. Condition medium was concentrated 

20X fold. b. The effect of maspin on HUVEC endothelial cell migration. HUVEC cells were 

treated by condition medium from C2N, C2N-46, C2N-46 plus preserum, C2N-46 plus maspin 
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antibody. Note condition medium of C2N-46 inhibited HUVEC cell migration and this effect 

was maspin specific. ** indicates statistical significance compared to C2N control (p <0.003). 
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Figure  4 
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