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Summary

Purpose: Glioblastoma (GBM) remains one of the most fatal 
malignancy with limited available treatment. Serpin pepti-
dase inhibitor, clade E nexin group 1 (SERPINE1) was found 
up-regulated in multiple cancers and play crucial roles in 
facilitating tumor progression and metastasis respectively. 
However, the role of SERPINE1 in glioblastoma was poorly 
understood. 

Methods: We tested the hypothesis that SERPINE1 medi-
ated malignant behaviors in GBM via regulating hairy and 
enhancer of split-1 (HES1). 

Results: First, SERPINE1 is confirmed to be up-regulated 
in GBM, while further functional analysis demonstrated 
that SERPINE1 promoted cell proliferation, migration and 

invasion in GBM by performing the CCK-8 assay, colony 
formation assay, wound healing assay and transwell assay. 
Finally, it was proved that SERPINE1 achieved its pro-tumor 
functions in GBM via regulating the expression of HES1.

Conclusions: Collectively, our results highlight the critical 
contribution of SERPINE1 in a series of malignant char-
acteristics of GBM via regulating the expression of HES1, 
which shed new light on a new direction to develop a more 
effective therapeutic management of malignant tumors like 
GBM. 
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Introduction

Glioblastoma (GBM) is one of the most com-
mon tumors of the central nervous system, which 
accounts for 80% of all malignant tumors in the 
US [1-3]. Despite recent progress in chemotherapy 
and immunotherapy, the median survival of GBM 
patients is less than one year [4]. One of the rea-
sons could be that the expression pattern of on-
cogenes and tumor suppressor genes involved in 
GBM development is still barely understood. Un-
derstanding the molecular mechanisms is helpful 
in improving diagnosis rate, providing therapeutic 
strategies, and prolonging patient survival.

GBM is characteristic by high permeability 
of tumor blood vessels and fast proliferative en-
dothelial cells [5], suggesting that there might be 
a relevance between extracellular matrix (ECM) 
dysregulation and glioma invasion. Serpin pepti-
dase inhibitor, clade E nexin group 1 (SERPINE1), 
or plasminogen activator inhibitor 1 (PAI-1), is a 
secreted protein that inhibits the urokinase type 
plasminogen activator receptor (uPAR) and tissue 
plasminogen activator (PLAT) , which is associated 
with ECM proteolysis and intracellular cell signal-
ing activation, leading to enhanced tumor metas-
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tasis [6-8]. As one of the main regulators in the PA 
system, SERPINE1 plays important roles in tumor 
proliferation, migration and invasion [9]. In several 
tumor types, especially in head and neck carcinoma 
[1,10], the SERPINE1 expression is up-regulated, 
and validated as a poor prognostic marker [11,12]. 
Furthermore, it is verified as a predictor of thera-
peutic efficacy on different therapeutic methods in 
node-negative breast cancer patients [13,14]. Previ-
ous publications demonstrated that overexpression 
of PAI-1 in GBM is significantly correlated with 
shorter survival [15]. However, inside the molecu-
lar basis of the interplay between SERPINE1 and 
GBM remains unclear.

In this study, we confirmed that the up-regula-
tion of SERPINE1 is related in glioma tumor and 
cell lines, thereby aiming at defining its impact on 
the malignant phenotype of glioma cells via medi-
ating the expression of Hes1, which helps provide 
insight into molecular pathways of GBM develop-
ment, and a more effective treatment at eliminating 
GBM cells. 

Methods 

Bioinformatic exploration

GBM datasets were retrieved from the Gliovis 
(http://gliovis.bioinfo.cnio.es/) including Rembrandt, 
Gravendeel, Phillips, Gill, Freije, Reifenberger, Ducray, 
Walsh, Nutt, Grzmil, Murat and TCGA website (http://
tcgadata.nci.nih.gov/docs/publications/coadread_2012/), 
CGGA website (http://www.cgga.org.cn/) and GEO data-
base (https://www.ncbi.nlm.nih.gov/geo/ ) for Cancer 
Sample. These four sets of databases were applied to 
compare the SERPINE1 expression profile between the 
GBM cancer and normal tissues.

Cell culture and patient sample 

Glioma cell lines LN229, U87, GBM8401 and U251 
and NHA cell line (normal human astrocyte) were pur-
chased directly from American Type Culture Collection 
(ATCC) (Manassas, VA, USA). All cells were cultured in 
Dulbecco’s Modified Eagle’s Medium (DMEM) (Gibco, 
Rockville, MD, USA) with 10% fetal bovine serum (FBS) 
(Gibco, Rockville, MD, USA) and humidified with 5% CO2 
at 37°C. By reaching 80% confluence, cell lines were 
subcultured. 

Immunoblot analysis

Total cell lysates were extracted by lysis buffer. The 
proteins were quantified and equal amounts of protein 
were electrophoresed, transferred onto a polyvinylidene 
difluoride membrane and blocked with 5% skimmed 
milk at 4°C. Then all membranes were incubated with 
Anti-SERPINE1 (1:1000), anti-E-cadherin (1:1000), anti-
N-cadherin (1:1000), anti-HES1 (1:1000), anti-MMP2 
(1:1000), anti-MMP9 (1:1000) and anti-β-actin (1:1000) 
antibodies overnight at 4°C. Then, the membranes were 

incubated with a horseradish peroxidase-conjugated an-
ti-rabbit antibody (1:5,000 dilution in TBS; Santa Cruz 
Biotechnology Inc., Santa Cruz, CA, USA). The brands 
were visualized via chemiluminescence using an elec-
trochemiluminescence (ECL) detection kit (Amersham 
Inc., Arlington Heights, IL, USA). All antibodies were 
purchased from Cell Signaling Technology (Inc., Dan-
vers, MA, USA). 

Generation of SERPINE1 knockdown cell lines

The effective shRNA targeting SERPINE1 was syn-
thesized by GenePharma (Shanghai, China). 2×105 cells 
were seeded in a 60 mm culture dish before transfec-
tion. 4 μg nmol shRNA were adiministered using the 
LipofectamineTM RNAiMAX transfection reagent (Inv-
itrogen, Carlsbad, CA, USA). siRNA targeting HES1 was 
synthesized by Ruibo (Guangzhou, China). 48 h later, 
the experiment was conducted followed by subsequent 
assays.

Establishing stable SERPINE1 overexpressing glioma cell 
lines

The full length of SERPINE1 was cloned into a 
pGL3.0-basic vector. LipofectamineTM reagent (Invitro-
gen, Carlsbad, CA, USA) was used for transfection. Cells 
were transferred to G418 medium for selection after 24-h 
incubation. 

Cell proliferation assay 

The cell proliferation rate was determined by CCK-8 
analysis. Cells lines were added with culture medium 
containing 10% (v/v) CCK-8 for 1 h and repeated after 
24, 48 and 72 h of seeding in the range of 3.5×104 cells/
well in 6-well plates with growth culture medium and 
detected the absorbance value at 450 nm. 

In vitro assay of invasive activity 

The invasive activity of glioma cell lines was as-
sessed using a rapid Transwell technique assay and 
Wound healing assay as described previously [16]. In 
brief, for transwell assay, 200 μL of cell suspension 
(3×104/mL) was added to each well coated with Matrigel 
(Becton- Dickinson, Franklin Lakes, NJ, USA). The cul-
ture with 10% FBS was placed in the lower chamber. 
After 20-h incubation at 37°C, cells invading to the lower 
chamber were fixed with 100% methanol for 2 mins, 
followed by staining with 0.5% crystal violet for 5 min. 
Cells on the undersides of the filters were observed. 

Wound healing assay

Cells were plated on 6-well culture plates (Corning, 
NY, USA), followed by scratching with a P-200 pipette 
tip. After 24 h the width of the scratch was detected and 
the migration rate was quantified.

Statistics

Statistical analyses were performed using the SPSS 
v.22 (IBM Corporation, Armonk, NY, USA) software. The 
significance of mean values between two groups were 
analyzed using two-tailed unpaired Student’s t-test. The 
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Figure 1. SERPINE1 is significantly upregulated in glioblastoma. A: Analysis of the expression pattern of SERPINE1 
in normal brain tissue and glioblastoma based on the microarray datasets from GEO, TCGA and Gliovis. B: Analysis 
of the expression pattern of SERPINE1 in other types of cancers from TGCA database. C: Protein and mRNA level of 
SERPINE1 in NHA cell line (normal human astrocyte) and four GBM cell lines detected by western blot and RT-PCR.
D: Kaplan-Meier analysis of overall survival in GBM patients based on SERPINE1 expression. Data are presented as 
mean ± SEM (*p<0.05, ***p<0.001). 
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Figure 2. The expression of SERPINE1 is essential for proliferation of glioblastoma. A: Western blot analysis of SER-
PINE1 in constructed cell lines LN229 and U251 with higher expression of SERPINE1. Vector represents transfection 
of the pcDNA3 vector served as control groups. SERPINE1 represents establishing stable SERPINE1 overexpression 
groups. B and C: The relative growth rates were measured using CCK8 analysis and colony formation assay in SERPINE1 
overexpressed cell lines and control groups. Data are presented as mean ± SEM. *p<0.05; **p<0.01. D: Western blot and 
RT-PCR analysis of SERPINE1 in constructed cell lines U251 with lower expression of SERPINE1. Sh-NC represents 
Negative Control shRNA. Sh-1 and Sh-2 represents two shRNAs targeting SERPINE1. E and F: The relative growth rates 
were measured using CCK8 analysis and colony formation assay in SERPINE1 silenced cell lines and control groups. 
Data are presented as mean ± SEM (*p<0.05, **p<0.01).
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significance of mean values between multiple groups 
was analyzed using one-way analysis of variance (ANO-
VA). The correlation of the two variables was analyzed 
by Spearman rank correlation coefficient. Differences 
were considered significant at p values<0.05 in all the 
applied tests. Experiments were conducted in triplicate 
and three independent experiments were carried out. 
Data are presented as the mean ± SEM.

Results

SERPINE1 expression is upregulated in glioblastoma 
and predicts poor survival 

In our previous study, we identified differential 
gene expression and pathway in GBM based on 
GSE13276 and GSE90598 by bioinformatics analy-
sis. Among the different expressed genes, we found 
SERPINE1was higher expressed in GBM tissues 
than in normal tissues. To further explore the role 
of SERPINE1 in GBM, we analyzed the expression 
of SERPINE1 in other microarray datasets of Glio-
vis, CGGA and TCGA (Figure 1A and 1B) and found 
SERPINE1 was consistently highly expressed in 
GBM of GSE13276, GSE90598, TCGA, Grzmil, Gill 
and Rembrandt datasets. Furthermore, the expres-
sion of SERPINE1 was also upregulated in other 
types of cancers, including KIRC, PAAD, DLBC, 
STAD, THYM, ESCA, LGG, and HNSC. To validate 
the discovery above, we assessed the expression 
level of SERPINE1 in 4 glioma cell lines (LN229, 
LN229, GBM8401 and U251) and a normal human 
astrocyte cell line (NHA). As expected, the expres-
sion of SERPINE1 in malignant cell lines was 
higher than in normal human astrocyte cell line at 
both protein level and mRNA level (Figure 1D and 
1E). Conducted survival analysis of SERPINE1 on 
GBM prognosis found that the upregulated of SER-
PINE1 was related to poor overall survival (Figure 
1E). These results indicated that SERPINE1 is up-
regulated in GBM and might influence the glioma 
malignancy.

SERPINE1 promotes the proliferation of glioblastoma

Considering the unique properties of SER-
PINE1 in modulating collagen production and its 
location on the cell membrane in various types of 
cancers, the expression of SERPINE1 may have 
kinetic functions in tumor progression. We con-
structed SERPINE1 overexpressed glioma cell 
lines (Figure 2A) and CCK8 assays showed that 
the SERPINE1-overexpressing cells achieved faster 
proliferative ability (Figure 2B). Moreover, overex-
pressing SERPINE1 could remarkably enhance the 
colony formation ability (Figure 2C). On the contra-
ry, SERPINE1 knockdown of glioma cell lines was 
established using shRNAs (Figure 2D). Inhibition 

of SERPINE1 markedly impaired the proliferation 
rate of glioma cell lines as detected by CCK-8 and 
colony formation assays (Figure 2E and 2F). These 
results indicated that SERPINE1 had a pro-tumor 
function in GBMs. 

SERPINE1 promotes the migration and invasion of 
glioblastoma

We next sought to determine whether the ec-
topic over-expression or inhibition of SERPINE1 
could affect cell migration and invasion by per-
forming wound healing and transwell invasion 
assay to examine migration and invasion of SER-
PINE1-overexpression and silenced GBM cells. The 
numbers of invaded cells and the wound healing 
rate increased significantly in SERPINE1-overex-
pression groups (Figure 3A-3D), and decreased in 
SERPINE1-silenced LN229 and U251 cells com-
pared with the control group (Figure 3E-3H).

Due to SERPINE1 associations with epithelial-
to-mesenchymal transition (EMT) and metastasis-
related genes targeted by EMT [17], we detected the 
expression of EMT transition markers in construct-
ed cell lines LN229 and U251 by Western blot, of 
which the results showed that overexpression of 
SERPINE1 upregulated the levels of N-Cadherin, 
MMP2 and MMP9, and downregulated the level 
of epithelial marker E-Cadherin (Figure 3I). Col-
lectively, these results showed that the expression 
of SERPINE1 significantly motivated GBM migra-
tion and invasion. 

SERPINE1 mediates malignant behaviors in glioblas-
toma via up-regulating HES1

To determine the downstream target genes 
of SERPINE1 we resorted Gliovis platform where 
the expression values were regained from the pub-
lished Nutt Brain microarray dataset including 
SERPINE1, PLIN2, LDHA, HES1, etc. Performed 
on the plotted mRNA expression values, the ex-
pression of SERPINE1 and its co-expressed genes 
in Nutt Brain GBLs specimens were measured by 
Spearman correlation analysis, which revealed a 
moderate correlation (r=0.6798, p<0.0001) between 
them (Figure 4A). Observing deeper into the cor-
relations between SERPINE1 and these related 
genes in this heatmap, HES1, one of downstream 
targets of Notch signaling pathways, which plays 
an important role in cell fates and many cancers 
[4,18,19], could be one of the potential downstream 
target genes of the SERPINE1. Further analysis of 
SERPINE1 and HES1 in Nutt Brain cancer cases 
disclosed a significant correlation between them 
presented in Figure 4B. (r= 0.6798, p<0.0001). 
Moreover, SERPINE1 expression was positively 
correlated with HES1 expression in other microar-
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Figure 3. SERPINE1 promotes the migration and invasion of glioblastoma cells. A and B: The transwell invasion as-
say was evaluated of constructed LN229 and U251 compared between vector and SERPINE1 overexpression groups.
C and D: wound healing assay of LN229 and U251 cells between vector and SERPINE1 overexpression groups.
E and F: The transwell invasion assay was evaluated of constructed LN229 and U251 compared between sh-NC and 
SERPINE1 knockdown groups. G and H: wound healing assay of LN229 and U251 cells between sh-NC and SERPINE1 
knockdown groups. I: Effects of constructed LN229 with silencing SERPINE1 and U251 with ectopic expressing SER-
PINE1 on E-cadherin, N- cadherin, MMP2 and MMP9 were determined by Western blot analysis (*p<0.05, **p<0.01, 
***p<0.001). 
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Figure 4. SERPINE1 up-regulating HES1 in GBM. A: Heat map from an oncomine (https://www.oncomine.org) micro-
array dataset of expression profiles for SERPINE1, PLIN2 LDHA HES1, etc. in Nutt brain dataset. B: SERPINE1 and 
HES1 relative expression were plotted on the basis of expression values. Spearman rank correlation coefficients between 
relative expression of HES (y-axis) and SERPINE1 (x-axis) in Nutt brain dataset were analyzed. C: SERPINE1 and HES1 
relative expression were plotted on the basis of expression values. D: The expression level of HES1 in normal brain 
tissue and GBM, based on the microarray datasets from Gliovis, GEO and TCGA. E: HES1 expression of constructed 
LN229 and U251 cell lines infecting with SERPINE1 overexpressing plasmid and vector was determined by Western blot.
F: HES1 expression of constructed LN229 and U251 cell lines infecting with two separated siRNA mediated SERPINE1 
was determined by Western blot (*p<0.01, ***p<0.001).
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ray dataset of GBM, including CGGA, TCGA, Grav-
endeel Rembrandt, Freije, Walsh, Murat datasets 
(Figure 4C). As expected, HES1 expression was 
much higher in GBM tissues than in normal tissues 
in GSE90598, TCGA, Rembrandt and Gill datasets 
(Figure 4D). In order to experimentally confirm this 
finding, Western blotting was performed to verify 
the regulatory role of SERPINE1 on HES1 expres-
sion levels. The results showed that overexpres-
sion of SERPINE1 increased the HES1 expression, 
while, in contract, SERPINE1 knockdown decreased 
HES1 expression (Figure 4E and 4F), which indi-
cated that SERPINE1 might be the upstream regu-
lator of HES1.

We next tested the HES1-mediated SERPINE1-
induced proliferation, migration and invasion of 
GBM cells. LN229 cell was co-transfected with 
SERPINE1 overexpression plasmid and HES1 siR-
NA. CCK8 and colony formation assays were per-
formed to determine the proliferation of LN229 in 
different transfected groups. As expected, overex-
pression of SERPINE1facilitated the proliferative 
ability, which could be partially abolished by the 
introduction of HES1 siRNA (Figure 5A and 5B). 
In addition, The SERPINE1-induced EMT of GBM 
cells could also be blocked by HES1 silencing (Fig-
ure 5C). What’s more, the migration and invasion 
of LN229 cells was promoted by SERPINE1, which 

Figure 5. SERPINE1 mediates malignant behaviors in glioblastoma via up-regulating HES1. LN229 and U251 cell line 
was co-infected with SERPINE1 overexpression plasmid and HES1 siRNA. The relative growth rates were measured by 
CCK8 analysis (A) and colony formation assay (B). The EMT-related protein levels were determined by Western blot 
(C). The invasion and migration were measured by transwell invasion assay and wound healing assay. (D and E) Data 
are presented as mean ± SEM (*p<0.05, **p<0.01, ***p<0.001).
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could be re-stained by HES1 silencing (Figure 5D 
and 5E). These results strongly suggested that the 
regulation of HES1 by SERPINE1 could markedly 
boost proliferation, migration and invasion in GBM 
cell lines. 

Discussion

Glioblastoma multiforme (GBM) cells are 
highly resistant to chemotherapy and radiation, 
therefore a deeper understanding of the signaling 
pathways of GBM carcinogenesis is necessary for 
effectively eliminating the tumor [20-22]. In light 
of this, large-scale efforts should be taken in char-
acterizing the genetic alterations in GBM which 
would reveal definite targets of its progression 
and invasion to treat tumors more precisely. In our 
study, we found that the expression of SERPINE1 
was up-regulated in GBM than in normal brain tis-
sue retrieved from the online database. However, 
further studies are still needed to explore the un-
derlying mechanisms. Therefore, we performed a 
series of in vivo and in vitro studies, the results of 
which demonstrated that SERPINE1 manipulated 
malignant behaviors in GBM by enhancing the pro-
liferative potential and invasion of GBM cell lines. 

The mechanism underlying the regulation of 
SERPINE1 overexpression in GBM remains un-
clear at present. In consideration of the analysis 
of heat map of expression profiles (Figure 4A), 
we focused on HES1, targeted by Notch signaling 
pathways, which induced proliferation, increased 
cell growth, and enhanced colony-forming ability 
[23]. Previous studies have identified that in vitro 
Notch may directly suppress Hedgehog via HES1 
mediated inhibition of Gli1 transcription, and tar-
geting both pathways simultaneously may be more 
effective at eliminating GBM cells [24]. Meanwhile, 
up-regulation of Notch signaling is involved in the 
chemotherapy resistance and tumor recurrence 
contributing to GBM stem cells [25,26]. Moreo-
ver, Notch1 regulates the aggressive phenotypes 

of DTC, which could be mediated by SERPINE1 
inhibition [27], revealing that Notch1/SERPINE1 
axis may be served as a novel therapeutic target 
for carcinoma. 

We hypothesized that HES1 may be a down-
stream molecule regulated by SERPINE1 in GBM. 
Our experiments showed that the migration and 
invasion of constructed SERPINE1- silencing 
GBM cell lines were all rescued and significantly 
increased when co-transfected with HES1–overex-
pressing plasmids. The results collectively sup-
ported an important role of SERPINE1 in mediat-
ing HES1 in GBM. However, we cannot exclude 
the possibility of crosstalk between SERPINE1 
and any related protein targets of Notch signaling 
pathways, further studies will be needed. Whether 
other related molecules have the same or similar 
role in GBM remains to be investigated. 

Conclusions

In summary, a significant overexpression of 
SERPINE1was observed in glioblastoma. Further 
studies revealed a critical role of SERPINE1 in the 
development and progression of GBM via up-regu-
lating HES1. Our data may also introduce a poten-
tial crosstalk between SERPINE1 and activation of 
Notch signaling in tumors like GBM. Collectively, 
our findings provided evidence that SERPINE1 
served as a useful independent prognostic factor 
and a novel therapeutic target to more effectively 
eliminate tumors for GBM patient.
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