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Abstract. Glioblastoma (GBM) is a highly invasive and 
malignant brain tumor. Currently, it remains unclear whether 
Glioblastoma stem-like cells (GSCs) contribute to the invasive 
phenotype of GBM. Invasion is a complex process involving 
interactions between tumor cells with the extracellular matrix 
(ECM), in addition to normal cells. The present study aimed 
to identify the regulators of GSCs invasion in the GBM tumor 
microenvironment. An integrative analysis was conducted to 
identify genes that are important for GSC invasion and are 
specifically upregulated in astroglia/microglia co‑cultured 
GSCs. Of the identified genes, serpin peptidase inhibitor clade 
A member 3 (SERPINA3) was observed to be abnormally 
overexpressed in astroglia/microglia co‑cultured GSCs. To 
further investigate the role of SERPINA3 in glioma pathogen-
esis and prognosis, a tissue microarray analysis was conducted 
to evaluate the expression of SERPINA3 and its association 
to clinicopathological factors and patient survival. The data 
indicated that upregulation of SERPINA3 was significantly 
associated with glioma progression and poor patient survival. 
Furthermore, it was demonstrated that the upregulation of 
SERPINA3 in glioma may contribute to the invasive behavior 
of GBM cells by remodeling of the ECM. Overall, the findings 
of the present study may be useful in future prognosis of GBM 
patients, suggesting that SERPINA is a potential therapeutic 
target, and may lead to further understanding of GBM and 
cancer progression as a whole.

Introduction

Gliomas are the most common primary brain tumors in 
adults (1). The most malignant form, glioblastoma (GBM), is 
resistant to current standard treatment, and the current 5-year 
overall survival of grade IV GBM patients using radiotherapy 
with concomitant TMZ treatment is only 9.8% (2). Data now 
suggest that GBMs are driven and maintained by a rare popu-
lation of stem-like transformed cells that undergo self-renewal 
known as Glioblastoma stem-like cells (GSCs) (3). In addition 
to their stem-like capacity to proliferate, GSCs contribute 
to the malignancy of GBMs by their relative resistance to 
radiotherapy (4) and chemotherapy (5), in contrast with their 
differentiated, transformed form. Moreover, when implanted 
in immunodeficient mice, GSCs form a highly invasive and 
phenotypically heterogeneous brain tumor (6).

It is increasingly apparent that crosstalk between cancer 
cells and cells of the neoplastic stroma is involved in the 
acquired capability for invasive growth and metastasis (7). It 
has been generally assumed that GSCs should also play a major 
role in determining GBM invasion into normal brain tissue. 
Some studies have reported that normal brain cells influence 
GBM invasion behavior (6,8). Rath et al reported that under 
co‑culture conditions, astrocytes significantly enhance the 
invasion capacity of GSCs, but not of non-GSCs (6). Therefore, 
understanding the molecular profile of surrounding glioma 
cells co-cultured GSCs could help us explore the underlying 
regulators that control the GSCs invasion in tumor microenvi-
ronment (TME).

To identify the regulators of GSCs invasion in TME, we 
carried out an integrative analysis to identify genes that are 
important for GSC invasion and are specifically upregulated 
in astroglia/microglia co‑cultured GSCs. Among the genes 
identified, serpin peptidase inhibitor clade A member 3 
(SERPINA3) was found to be abnormally overexpressed 
in astroglia/microglia co‑cultured GSCs. SERPINA3 is a 
55-66 kDa secreted serine protease inhibitor that proteolyti-
cally inhibits the activity of several serine proteases including 
chymotrypsin and cathepsin G (9,10). SERPINA3 is an 
acute phase protein and its gene expression is stimulated by 
the prese nce of cytokines (10). SERPINA3 is involved in a 
wide range of physiological activities such as inflammatory 
response (11), complement activation (12), regulation of lipid 
metabolic process (13), apoptosis, and wound healing (10). 
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Recently, upregulated SERPINA3 expression has been 
reported in multiple cancer types (14-16), and high SERPINA3 
expression has been demonstrated to positively correlate 
with poor prognosis in patients with colon (14), breast (15), 
lung (17,18), and gastric cancers (19).

To further investigate the role of SERPINA3 in glioma 
pathogenesis and prognosis, we used tissue microarray (TMA) 
containing 80 lesions (including 3 normal brain, 3 pilocytic 
astrocytomas, 11 diffuse astrocytomas, 1 oligodendrocytes 
astrocytoma, 23 anaplastic astrocytomas, and 39 glioblas-
tomas multiforme samples) and immunohistochemistry (IHC) 
analysis to evaluate the expression of SERPINA3 and its 
relation to clinicopathologic factors and patient survival. Our 
data indicated that upregulation of SERPINA3 was signifi-
cantly associated with glioma progression and worse patient 
survival. RNAi-mediated silencing of SERPINA3 expression 
in cultured glioma cell lines resulted in significant cell matrix 
invasion. These results suggest that SERPINA3 may play an 
important role in glioma progression.

Materials and methods

Cell culture. Human GBM cell line U251MG was obtained 
from the RIKEN Cell Bank (Tsukuba Science City, Japan). 
U251MG was cultured in Dulbecco's modified Eagle's medium 
(DMEM; Life Technologies, Rockville, Maryland, USA) 
supplemented with 10% (v/v) fetal bovine serum.

GEO data sets analysis. Gene expression data (GSE63037, 
GSE37120, GSE52127 profiling data) were downloaded as raw 
signals from Gene Expression Omnibus (http:// www.ncbi.nlm.
nih.gov/geo), interpreted, normalized and log2 scaled using 
the online analysis tool GCBI website (https://www.gcbi.com.
cn). Exploring of differentially expressed gene sets between 
GSCs and astrocyte/microglia co‑cultured GSCs profiles in 
GSE63037, GSE37120 and GSE52127 was also performed via 
the GCBI online tool.

TMA analysis. The glioma TMA containing 77 glioma clinic 
samples of different grades with survival time were purchased 
from Shanghai Outdo Biotech Company (Shanghai, China). 
Shanghai Outdo Biotech Company is a daughter company 
of Shanghai Biochip Co., Ltd., which is also the National 
Engineering Center for Biochip Design and Engineering in 
Shanghai. The TMA consisted of 3 normal brain, 3 pilocytic 
astrocytomas, 11 diffuse astrocytomas, 1 oligodendrocytes 
astrocytoma, 23 anaplastic astrocytomas, and 39 glioblastomas 
multiforme samples. The tissue samples on the TMAs that we 
used in this study were collected from Tai Zhou hospital of 
Zhejiang province, China. All the patients had given informed 
consent and the collection of tissue samples for research was 
approved by the Ethics Committee of Tai Zhou hospital in 
January 26, 2010.

IHC staining of TMA. The IHC assay using SERPINA3 
was performed as described (20). Briefly, the slides were 
first deparaffinized, followed by blocking with 30% normal 
donkey serum for 10 min. Then the sections were incubated 
overnight with the primary SERPINA3 rabbit monoclonal 
antibody (dilution 1:500, Rabbit monoclonal to SERPINA3, 

clone ab180492; Abcam Corp., Cambridge, UK) at 4˚C. The 
slides were incubated with biotinylated secondary antibody 
for 30 min and then the slides were incubated for 30 min with 
streptavidine-peroxidase. Staining development was performed 
with 3-3'-diaminobenzidine. Negative controls were carried 
out by replacement of the primary antibody with substituting 
phosphate buffer saline. The specimens were analyzed under a 
light microscope (Nikon, Tokyo, Japan) by pathologists.

Quantification of SERPINA3 staining intensity and statistic 
analysis. A previously described (21) 4-point scoring system 
was used to determine intensity of SERPINA3 staining. 
Scoring was performed by three independent scorers, including 
a pathologist, without access to clinicopathological information 
of the sections. Discrepancies among the scorers were resolved 
by obtaining a consensus score, whereby the group evaluated 
the sections simultaneously using scanned microscope images. 
Section staining was evaluated using the 12-point Remmele 
scale (22). Briefly, staining intensity was scored as 0 (nega-
tive), 1 (weak), 2 (moderate) and 3 (strong). For each sample, 
five high‑power fields (magnificattion, x200) were randomly 
selected. Cytoplasmic and membranaceous staining intensity 
and percentage of positive tumor cells were assessed. The 
percentage of SERPINA3 expressing cells was scored into four 
categories: 1 (0-25%), 2 (26-50%), 3 (51-75%) and 4 (76-100%). 
In the cases with a discrepancy between duplicated cores, the 
higher score from the two tissue cores was taken as the final 
score. The level of staining was evaluated by immunoreactive 
score (IRS), which is calculated by multiplying the scores of 

Table I. SERPINA3 expression in brain tumor tissue microarray.

 SERPINA3
 expression
 ---------------------------------------
 Low no. High no.
Variable (%) (%) P-valuea

Age (years)
  <60 33 (77) 10 (23) 0.0002b

  ≥60 8 (31) 18 (69)
Sex
  Male  22 (63) 13 (37) 0.5553
  Female 19 (56) 15 (44)
Grade
  Low (I + II)  14 (82) 3 (18) 0.0412b

  High (III + IV)  33 (55) 27 (45)
Pathology
  Pilocytic astrocytoma 3 (100) 0 (0) 0.0030b

  Diffuse astrocytoma 9 (82) 2 (18)
  Oligo-astrocytoma  0 (0) 1 (100)
  Anaplastic astrocytoma 17 (74) 6 (26)
  Glioblastoma  18 (46) 21 (54)
Normal brain tissue  3 (100) 0 (0)

aχ2 test. bP<0.05 with statistical significance.
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staining intensity and the score of the percentage of positive 
cells. Based on the IRS, SERPINA3 staining pattern was 
defined as weak (IRS: 0‑4) and strong (IRS: 6‑12).

Transwell invasion assay. Transwell invasion assay was 
performed using the 24-well cell culture inserts pre-coated 
with a growth factor-reduced Matrigel layer to mimic base-
ment membranes (8 µm pore; BD Bioscience, San Jose, 
California, USA). A total of 500 µl DMEM with 10% fetal 
bovine serum was added to the lower chamber. U251MG 
cells were trypsinized 24 h post siRNA transfection and 
plated in the upper chamber and allowed to invade for 24 h 
at 37˚C. The target short interfering RNA (siRNA) sequences 
of SERPINA3 are: 5'-AAG GAC CAT TGT GCG TTT CAA-3'. 
After the allotted time, the lower side of the Transwell insert 
was carefully washed with cold PBS and non- invading cells 
remaining on the top chamber were removed with a cotton tip 
applicator, and then the membranes were fixed with methanol 
and stained with crystal violet. The number of invading cells 
was determined by averaging cell counts from nine randomly 
selected fields (magnification, x100).

Statistical analysis. Statistical analysis was performed with 
GraphPad Prism 5 software (GraphPad Software, San Diego, 

CA). Differences in SERPINA3 staining in the various stages 
of glioma were evaluated using chi-squared (χ2) analysis. 
Kaplan-Meier survival time analysis was used to estimate the 
survival time distributions, and the log-rank test was used to 
assess the statistical significance between different groups.

Results

Overexpression of SERPINA3 in astrocyte/microglia 
co‑cultured GSCs. To investigate the mechanisms through 
which TME enhances GSC invasion, we carried out an inte-
grative analysis to identify genes that are important for GSC 
invasion and specifically upregulated in astrocyte co‑cultured 
GSCs. Herein, we identified a cluster of 91 genes that were 
highly expressed in CD133+GSC cells as a result of direct 
co-culture with astrocytes in dataset GSE37120. To achieve 
this, we analyzed the overlapping genes with the calculated 
1990 genes that were significantly upregulated in GSCs grown 
in co-culture with astrocytes in GSE63037 and 3098 genes 
that were highly expressed in brain tumor-initiating cells 
after exposure to microglia conditioned medium (MCM) in 
GSE52127. We identified 10 genes as candidate targets for GSC 
invasion (Fig. 1B). Among the genes identified, SERPINA3 
was selected for further study due to its reported role in 

Figure 1. The upregulation of SERPINA3 in GSCs co-cultured with astrocytes. (A) Graphical representation of computational analysis using the datasets of 
GSCs and astrocyte co-cultured GSCs (GSE63037, GSE37120) and brain tumor-initiating cell response to microglia (GSE52127). (B) 10 overlapping genes 
were significantly upregulated compared with these 3 datasets, we identified SERPINA3 as candidate target for enhancing the invasion potential of GSCs. 
(C) Normalized expression of SERPINA3 in GSCs vs. astrocyte co‑cultured GSCs or BTICs vs. BTICs exposed to MCM. GSCs, Glioblastoma stem‑like cells; 
SERPINA3, serpin peptidase inhibitor clade A member 3; BTICs, brain tumor initiating cells; MCM, microglia conditioned medium.



LI et al:  SERPINA3 FACILITATES GSCs INVASION288

regulating melanoma migration and invasion and its capacity 
as a prognostic factor in many cancers (14,17,23). To the best 

of our knowledge, the role of SERPINA3 on GSC invasion has 
not been well studied. Normalized expression of SERPINA3 
in GSCs vs. astrocyte co-cultured GSCs or BTICs vs. BTICs 
exposed to MCM are shown in Fig. 1C.

Increase of SERPINA3 expression correlates with glioma 
progression. To further investigate the role of SERPINA3 in 
glioma pathogenesis and prognosis, we used TMA containing 
80 melanocytic lesions (including 3 normal brain, 3 pilocytic 
astrocytomas, 11 diffuse astrocytomas, 1 oligodendrocytes 
astrocytoma, 23 anaplastic astrocytomas, and 39 glioblastomas 
multiforme samples) and IHC to evaluate the expression of 
SERPINA3 and its relation to clinicopathological factors and 
patient survival. The demographics and clinicopathological 
characteristics of glioma patients are shown in Table I. There 
were 77 glioma patients with age ranging from 21 to 75 years 
(median age is 53 years). According to the American Joint 
Committee on Cancer (AJCC) staging system, 3 and 14 cases 

Figure 2. Overexpression of SERPINA3 in GBM compared to low-grade gliomas and non-tumor control. Representative hematoxylin and eosin staining 
micrograph and immunohistochemical staining of SERPINA3 in glioma tissues of various grades. All samples were scored using a previously described 
12 point scale involving intensity and percentage of gliomas cells showing staining for SERPINA3 (see Materials and methods). (A) normal brain, (B) pilocytic 
astrocytomas, (C) diffuse astrocytomas, (D) anaplastic astrocytomas, and (E) glioblastomas multiforme. (F) Increased SERPINA3 expression correlates with 
progression of glioma. A marked increase in percentage of samples with high SERPINA3 expression was shown between glioblastomas multiforme and 
pilocytic astrocytomas (P=0.0484, χ2 test) and further between glioblastomas multiforme and anaplastic astrocytomas (P=0.0332, χ2 test). GBM, glioblastoma; 
SERPINA3, serpin peptidase inhibitor clade A member 3.

Figure 3. Association between SERPINA3 expression and survival time in 
glioblastoma tissues. SERPINA3, serpin peptidase inhibitor clade A member 3.
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were Stage I and II, respectively, while 24 and 36 cases were 
Stage III and IV, respectively (Table I).

To investigate the expression level of SERPINA3 in the 
biopsies of pigmented lesions, we performed IHC staining of 
normal brain, pilocytic astrocytomas, diffuse astrocytomas, 
oligodendrocytes astrocytoma, anaplastic astrocytomas, and 
glioblastomas multiforme samples on TMA slides (Fig. 2A-E). 
The staining was predominantly in the cytoplasm, there-
fore, only cytoplasmic staining was evaluated. IHC results 
demonstrated that 0% of normal brain tissue and 0% of the 
pilocytic astrocytomas vs. 26% of anaplastic astrocytomas and 
54% of the glioblastomas multiforme samples showed high 
SERPINA3 immunostaining. Strikingly, we found marked 
increase of SERPINA3 expression in glioblastomas multi-
forme compared with normal brain and pilocytic astrocytomas 
(P=0.0484, χ2 test). A further increase was observed in glio-
blastomas multiforme compared with anaplastic astrocytomas 
and diffuse astrocytomas (P=0.0332 and 0.0361, respectively, 
χ2 test) (Fig. 2F).

In the 77 glioma cases, we found that high SERPINA3 
expression ratio was significantly increased from 18% in early 
AJCC Stage (I + II) to 45% in Stage (III + IV) (P=0.0412, 
χ2 test). Interestingly, we also observed stronger staining of 
SERPINA3 in older patients compared to younger subjects 
(P=0.0002, χ2 test). This reason for disparity in SERPINA3 
expression levels based on age is largely unknown and worth 
further investigation. We did not detect significant correlations 
between SERPINA3 expression and sex (Table I).

SERPINA3 expression in glioma biopsies is correlated with 
poor patient survival over 5 years. In order to determine 
the prognostic value of SERPINA3, Kaplan-Meier survival 
tests were conducted for the 5-year overall survival of 
GBM patients. The analysis revealed that patients with high 
SERPINA3 expression had significantly lower 5‑year overall 
survival (P<0.0434) (Fig. 3). Patients with higher SERPINA3 

expression had a survival rate of approximately 10%, while 
patients with lower SERPINA3 expression have a survival rate 
of approximately 75%. Data are presented in this study using 
all GBM cases; however, future studies will strive to clarify 
the correlation between SERPINA3 expression and survival 
at all stages.

SERPINA3 promotes glioma invasion in extracellular matrix 
(ECM). An in vitro Matrigel invasion assay was conducted to 
examine the effect of SERPINA3-knockdown on cell invasion. 
Matrigel is a semi-solid protein mixture that closely mimics 
the ECM. As shown in Fig. 4, the siRNA-mediated inhibition 
of SERPINA3 significantly reduced the invasion of U251MG 
cells (Fig. 4).

Discussion

The potential contribution of GSCs to the invasive phenotype 
of GBM has not been clearly defined. Invasion is a complex 
process involving interactions among normal cells, tumor cells, 
and the ECMs (6,24). During invasion, GBM cells interact with 
a variety of surrounding glioma cells. In recent years, many 
studies have been reported that surrounding glioma cells are 
associated with brain cancer progression (6,25,26). Among 
such surrounding glioma cells, astrocytes are the most frequent 
non-neuronal cell type comprising approximately 50% of the 
human brain volume, and have been shown to play a major role 
in the maintenance and remodeling of the brain ECM (27). 
Besides astrocytes, other surrounding glioma cells in situ are 
microglia, which are innate immune cells intrinsic to the CNS. 
Microglia comprise a substantial portion of the tumor mass, 
with some estimates being as high as 1 in every 3 cells (26,28).

In an attempt to better define the processes and mole-
cules mediating GBM cell invasion within the TME, we 
carried out an integrative analysis to identify genes that are 
important for GSC invasion and specifically upregulated 

Figure 4. Effect of SERPINA3-knockdown on matrix invasion by U251MG cells. (A) Photomicrographs of representative invasion cells. (B) Statistical analysis 
of cellular invasion of SERPINA3 knockdown cells. (**P<0.01 vs. NC). SERPINA3, serpin peptidase inhibitor clade A member 3. NC,negative control.
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in astroglia/microglia co‑cultured GSCs. Three data sets 
were used (GSE63037, GSE37120 and GSE52127) for this 
purpose. Gene expression profiles were generated from GSC 
in mono-culture vs. 48 h after co-culture with astrocytes 
for dataset GSE63037. In the data set GSE37120, GSCs or 
their differentiated progeny were co-cultured for 48 h with 
normal human astrocytes, and the impact on invasion- asso-
ciated genes was examined. There were 6 groups examined, 
including GBM CD133+ indirect co-cultured, GBM CD133+ 
direct co-cultured, GBM CD133+ control, GBM CD133- indi-
rect co-cultured, GBM CD133- direct co-cultured, and GBM 
CD133- control group. We carried out an integrative analysis 
between GBM CD133+ direct co-cultured and GBM CD133+ 
control group, and found that 91 genes were highly expressed 
in CD133+GSC cells as a result of direct co-culture with astro-
cytes. In the data set GSE52127, brain tumor initiating cells 
(BTICs) were subjected to microarray to determine the genes 
involved in BTICs growth and differentiation when exposed to 
microglia-conditioned medium (MCM) for 6 h. All the 3 data 
sets used the platform of Affymetrix Human Genome U133A 
2.0 Array. A total of 10 overlapping genes were significantly 
upregulated within these 3 datasets, we identified SERPINA3 
as a candidate target for enhancing the invasion potential of 
GSCs.

SERPINA3 is a serpin peptidase inhibitor, and has been 
reported to be overexpressed in many tumor types (17-19,23), 
indicating a potential role in tumor progression. Proteolytic 
degradation of the ECM is considered an essential step in 
the invasion and metastasis of malignant cells to distant 
tissues (29,30), and proteases, such as matrix metallopro-
teinases (MMPs), expressed by neoplastic and/or stromal 
cells are therefore considered key players in this process. As 
a consequence, protease inhibitors are intuitively expected 
to have an anti-malignant role (31,32). SERPINA3 acts as 
an inhibitor of several serine proteases including pancreatic 
chymotrypsin, leukocyte cathepsin G, mast cell chymases, 
human glandular kallikrein 2, kallikrein 3 (prostrate specific 
antigen), pancreatic cationic elastase, and an uncharacterized 
lung serum protease (10). The strongest association is found 
with cathepsin G and is thus thought to be the major target of 
SERPINA3 (33).

In this study, we examined the expression pattern of 
SERPINA3 at the various stages of glioma progression, 
including normal brain, pilocytic astrocytomas, diffuse astrocy-
tomas, oligodendrocytes astrocytoma, anaplastic astrocytomas, 
and glioblastomas multiforme. SERPINA3 expression levels 
appeared to strongly correlate with glioma invasion. IHC 
results demonstrated that 0% of normal brain tissue and 0% of 
the pilocytic astrocytomas vs. 26% of anaplastic astrocytomas 
and 54% of the glioblastomas multiforme samples showed high 
SERPINA3 expression. Furthermore, a significant increase of 
SERPINA3 expression in glioblastomas multiforme compared 
with normal brain and pilocytic astrocytomas (P=0.0484, 
χ2 test), and between anaplastic astrocytomas and diffuse 
astrocytomas (P=0.0332 and 0.0361, respectively, χ2 test), 
was observed. In the 77 glioma cases, we found that high 
SERPINA3 expression ratio significantly increased from 18% 
in early stage GBM to 45% in late stage disease (P=0.0412, χ2 
test). Interestingly, we also observed that SERPINA3 expres-
sion was positively correlated with age (P=0.0002, χ2 test). 

These results indicate that SERPINA3 could play a critical role 
in glioma initiation and progression process. Kaplan-Meier 
survival analysis confirmed that patients with high SERPINA3 
expression had lower survival rates, indicating possible clinical 
prognostic value of SERPINA3 in GBM patients.

Serpins have multiple complex roles in tumor biology. 
Although SERPINA3 has been found to be differentially 
expressed in multiple tumors, its functional impact on tumor 
progression remains largely unknown. To further address this 
question, we performed in vitro analysis on cultured GBM cell 
lines with siRNA-mediated downregulation of SERPINA3 
expression. Not surprisingly, the ability of GBM cells to 
invade through Matrigel was severely impaired upon down-
regulation of SERPINA3 expression. Matrigel resembles the 
complex extracellular environment found in many tissues and 
is a validated ex vivo model of tissue matrix. It has previously 
been suggested that SERPINA3 might promote GBM invasion 
through remodeling the extracellular tissue matrix. Therefore, 
molecules targeting SERPINA3 may have therapeutic impli-
cations for GBM in the near future, although the precise 
mechanism of how SERPINA3, the serine protease inhibitor, 
affects the structure of ECM remains to be elucidated.
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