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levels, resulting in cell cycle arrest at the G0/G1 phase. 
In addition, knockdown of PTX3 significantly decreases 
GBM8401 cell migration and invasion through the down-
regulation of matrix metalloproteinase-1 and -2 (MMP-1 
and MMP-2) expression. In a GBM8401 xenograft animal 
model, PTX3 knockdown decreases tumor growth in vivo. 
In conclusion, PTX3 plays an important role in glioma cell 
proliferation and invasion, and may thus serve as a novel 
potential therapeutic target in the treatment of gliomas.

Keywords  Gliomas · Pentraxin 3 · Proliferation · 
Migration · Invasion

Introduction

Gliomas are the most common type of malignant brain 
tumor [1]. Gliomas exhibit various pathological classifica-
tions, including ependymomas, astrocytomas, oligodendro-
gliomas, and choroid plexus papillomas [2]. However, the 
standard treatment for malignant glioma consists primarily 
of a combination of surgery, postoperative radiotherapy, and 
chemotherapy [3]. Enhanced understanding of the molecu-
lar mechanisms involved in glioma formation and progres-
sion could help in the identification of novel therapeutic 
targets and promising therapeutic approaches.

Pentraxin 3 (PTX3; also known as TSG-14) belongs to 
the pentraxin superfamily [4], the members of which are 
characterized by a cyclic multimeric structure. Previous 
studies have reported that PTX3 not only interacts with sev-
eral extracellular matrix (ECM) proteins, various growth 
factors, and certain pathogens, but is also involved in the 
activation of the complement system [5], in addition to 
accelerating pathogen recognition by phagocytes [6]. More-
over, PTX3 is overexpressed in different cancer types and 

Abstract  Pentraxin 3 (PTX3) is an inflammatory mol-
ecule that is involved in immune responses, inflammation, 
and cancer. Recent evidence suggests that PTX3 plays a 
critical role in tumor progression; however, its impact on 
the biological function of gliomas remains unknown. In 
the present study, immunohistochemical staining showed 
that patients with high-grade gliomas exhibited increased 
expression levels of PTX3 compared to those with low-
grade gliomas (P < 0.001). Furthermore, knockdown of 
PTX3 in GBM8401 cells inhibits proliferation, increases 
p21 protein levels, and decreases cyclin D1 protein 
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15  min at 95 °C in citrate buffer (pH 6.0). Samples were 
cooled to room temperature and incubated in 3 % hydrogen 
peroxide to quench peroxidase activity. After incubating at 
4 °C overnight in anti-PTX3 (1:500) or anti-Ki-67 (1:300) 
antibodies and washing with Tris buffer, a biotin-labeled 
secondary antibody was added for 15  min, followed by 
streptavidin peroxidase for 15 min. After eluting with PBS, 
diaminobenzidine and haematoxylin counterstaining was 
performed. The staining results were scored by two investi-
gators blinded to the clinical data.

Cell lines

The normal human astrocyte (NHA) cell line (Gibco. 
K1884) from the American Type Culture Collection (Rock-
ville, MD, USA) was grown in Gibco® Astrocyte Medium 
supplemented with N-2 Supplement, One Shot™ Fetal 
Bovine Serum (FBS) and 100 mg/mL penicillin–streptomy-
cin (Gibco, Grand Island, NY, USA). The human glioma 
cell lines, GBM8401, U251, MO59J, U87-MG, and Hs-683, 
were used. GBM8401, MO59J, U87-MG, and Hs-683 cell 
lines were obtained from the Bioresource Collection and 
Research Center, Inc. (Hsinchu, Taiwan). The U-251 cell 
line was a gift from Professor Dah-Yuu Lu in China Medi-
cal University (Taichung, Taiwan). GBM8401 cells were 
maintained in RPMI medium. U251 and Hs683 cells were 
maintained in DMEM medium with high glucose. U87-MG 
and MO59J cells were maintained in MEM medium with 
1 mM sodium pyruvate. All media were supplemented with 
10 % FBS and 1 % antibiotic mix (penicillin/streptomycin). 
All the cell lines were cultured at 37 °C in a humidified incu-
bator with 5 % carbon dioxide.

Lentiviral particle production and PTX3 transduction

The shLuc (TRCN0000072244), shPTX3#1 (TRCN000014 
6265), shPTX3#2 (TRCN0000149220) and shPTX3#3 
(TRCN0000149744) shRNA were obtained from the 
National RNA Interference Core Facility (Institute of 
Molecular Biology, Academia Sinica, Taipei, Taiwan). Len-
tiviral particles were produced by triple transfection of HEK 
293T cells using Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA). Packaging 293T cells were plated in 6  cm plates at 
a cell density of 5 × 105 cells/well 1 day prior to transfec-
tion. Transfection of the packaging cells and infection of the 
GBM8401 cells were completed using standard protocols 
with some modifications [12].

Cell proliferation assay

Cells were plated in 24-well culture plates (2 × 104 cells per 
well) for 24 h. The cells were then infected with shRNA-
PTX3#1~#3 or shRNA-shLuc and further incubated for 

may represent a useful diagnostic and prognostic marker of 
various cancers, including breast cancer [7], small-cell lung 
cancer [8], pancreatic cancer [9], and gliomas [10]. These 
findings suggest that downregulation of PTX3 may be an 
important means of promoting anti-tumour or antimetastatic 
activity; however, its precise role in the development of gli-
omas remains highly unclear.

By immunohistochemistry, Locatelli et al. [10] sug-
gested that PTX3 was positively correlated with glioma 
tumor grade and severity. Based on this finding, the pres-
ent study was conducted in order to determine the biologi-
cal function and molecular mechanism of PTX3 in glioma 
cells, information which has previously proven elusive. The 
results of this study, however, showed that the up-regula-
tion of PTX3 in human gliomas is closely related to tumor 
grade, and it significantly correlated with the patients’ sur-
vival time. Knockdown of PTX3 reduces the proliferation, 
migration, and invasion of glioma cells in vitro and in vivo. 
These results should provide new insights into the biologi-
cal functions of PTX3, as well as its regulatory mechanisms 
in gliomas.

Materials and methods

Reagents and antibodies

Various antibodies were used for Western blotting, includ-
ing antibodies against PTX3, which were obtained from 
R&D Technology (Beverly, MA, USA). Antibodies against 
p21, cyclin D1, MMP-1, MMP-9, MMP-2, and β-actin were 
obtained from Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). Antibodies against Ki-67 were obtained from Abcam 
(Cambridge, MA, USA). Dimethyl sulfoxide (DMSO) and 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) were obtained from Sigma (St Louis, MO, 
USA). PVDF (polyvinylidenedifluoride) membranes, goat 
anti-rabbit IgG, and horseradish peroxidase-conjugated IgG 
were obtained from Millipore (Billerica, MA, USA). Che-
miluminescent HRP substrate was purchased from Pierce 
(Rockford, IL, USA). Penicillin/streptomycin and sodium 
pyruvate were purchased from Invitrogen (Gaithersburg, 
MO, USA).

Immunohistochemistry analysis

A human brain tissue array was purchased from US Biomax 
(GL804; Rockville, MD, USA), and immunohistochemis-
try analysis was performed consistent with the procedure 
described in a previous study [11]. Sections were cut from 
paraffin-embedded tissue blocks. Samples were dewaxed in 
xylene and rehydrated in alcohol and distilled water. Anti-
gen retrieval was then performed by heating samples for 
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agarose gels and analyzed by computerized densitometric 
scanning of the images with β-actin serving as an internal 
control to normalize the expression data.

Immunofluorescence assay

The shLuc, shPTX3#2, and shPTX3#3 cells were grown 
on glass coverslips, fixed with 4 % paraformaldehyde, and 
blocked to prevent non-specific binding. The coverslips 
were probed with primary antibodies followed by Alexa 
Flour®-conjugated secondary antibodies in 5 % bovine 
serum albumin. DAPI reagent was used as a mounting and 
counterstaining media. After mounting, the coverslips were 
visualized under a confocal microscope.

Western blot analysis

Cell lysates from the shLuc, shPTX3#2, and shPTX3#3 
cells were separated by 10 % SDS/PAGE and transferred to 
PVDF membranes. Western blot analyses were performed 
using mouse anti-PTX3, anti-MMP-1, anti-MMP-2, anti-
MMP-9, anti-cyclin D1, anti-p21, and anti-β-actin antibod-
ies. After washing, the blots were incubated with secondary 
anti-rabbit (for MMP-1, cyclin D1, and p21), anti-goat 
(for MMP-9 and PTX3), and anti-mouse (for MMP-2 and 
β-actin) antibodies conjugated to horseradish peroxidase 
(1:10,000) for 1 h at room temperature and visualized using 
an enhanced chemiluminescence kit (Amersham, Little 
Chalfont, UK).

In vivo anti-tumor activity analysis

Fifteen BALB/c female nude mice (5–6 weeks-old; 18–20 g) 
provided by the animal center of Chung Shan Medical Uni-
versity were randomly divided into three groups receiving 
a subcutaneous injection of 6 × 106 shLuc-GBM8401 cells, 
GBM8401-shPTX3#2 cells, or GBM8401-shPTX3#3 cells 
(n = 5/group) into their right flanks. Treatments were initi-
ated when the tumors reached a mean group size of approxi-
mately 80 mm3. The volume of each tumor was measured 
with calipers every 7 days and was calculated using the fol-
lowing: (W2/L)/2, where w is the width and L is the length 
of tumor. After 5 weeks, the animals were sacrificed, and the 
transplanted tumor specimens were immediately excised, 
fixed with 10 % formalin, and embedded in paraffin. These 
experiments were conducted according to institutional 
IACUC guidelines.

Statistical analysis

Data are presented as mean ± SD of at least three indepen-
dent experiments performed in triplicate. Significant differ-
ences were determined using SPSS 10.0 software (SPSS, 

24, 48 and 72 h. Then 100 μL of MTT solution (5 mg/mL) 
was transferred to each well to yield a final assay volume 
of 1 mL/well. Plates were incubated for 4 h at 37 °C and 
5 % CO2. After incubation, supernatants were removed, and 
1 mL of isopropanol was added to ensure the total solubility 
of formazan crystals. The number of viable cells was quan-
tified using the absorbance was recorded at 570 nm with a 
microplate reader.

Cell cycle distribution by flow cytometry

The shLuc, shPTX3#2, and shPTX3#3 cells were seeded in 
6 cm culture plates at a density of 2 × 105 cells/well. After 
24 h, the cells were collected and washed once with PBS, 
then fixed overnight with 75 % ethanol. After washing twice 
with PBS, the cells were incubated with propidium iodide 
(PI; 2 mg/mL) for 20 min in the dark at room temperature, 
and flow cytometry (FACSCalibur; BD Biosciences; Frank-
lin Lakes, NJ, USA) was performed to determine the DNA 
content and cell cycle distribution of the cells. Data were 
analyzed with Cell Quest software (BD Biosciences).

In vitro migration and invasion assay

Cell migration was determined using Boyden chambers 
(8 μm pore size; Costar, NY) according to the manufactur-
er’s instructions. In brief, 3 × 105 cells suspended in 35 μL of 
serum-free medium were seeded onto the upper chamber, and 
50 μL of the same medium containing 20 % FBS was placed 
in the lower chamber. The invasive abilities of the cells were 
assessed using a Matrigel-coated chamber (BD Biosciences, 
San Jose, CA, USA). After an overnight incubation, cells 
were washed with PBS, fixed with 4 % paraformaldehyde, 
and stained with 0.5 % Gimema. Cells remaining on the 
upper surface of filter membrane were completely removed 
by wiping with a cotton swab. Migrated cells were then 
counted from six random fields under a light microscope.

RNA extraction and RT-PCR analysis

Total RNA was isolated using Trizol (Invitrogen) according 
to the manufacturer’s instructions, and 2 mg of total RNA 
from each cell line was then transcribed into cDNA using 
the first-strand cDNA synthesis kit for ImProm-II™ Reverse 
Transcriptase system (Promega, Madison, WI, USA). PCR 
amplification was carried out with the Ex Taq DNA poly-
merase reaction system according to the manufacturer’s 
instruction. The following primers were used: sense PTX3-
primer, 5′-AACGGGACCATGCACGGCTT-3′; antisense 
PTX3-primer, 5′-TGTTGTGGTGGTTGCACGGC-3′; sense 
β-actin-primer, 5′-AACGGGACCATGCACGGCTT-3′; and 
antisense β-actin-primer, 5′-TGTTGTGGTGGTTGCAC-
GGC-3′. The PCR products were electrophoresed through 
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brain tissue by immunohistochemistry. As shown Fig.  1a, 
PTX3 protein expression was significantly higher in glioma 
tissues than in normal brain tissues (P < 0.01). In addition, 
PTX3 expression was increased in all gliomas analyzed, and 
its expression was significantly higher in high-grade glioma 
tissues (Grades III and IV) than in low-grade glioma tissues 
(Grades I and II) (Fig. 1b). Furthermore, PTX3 level was 
positively correlated with tumor grade (P < 0.001) in glioma 
patients. However, PTX3 expression level was not correlated 
with sex (P = 0.375) or age (P = 0.271) (Table 1). Analysis 
of high-throughput RNA sequencing data from the glioma 
cohort of The Cancer Genome Atlas (TCGA) revealed 
that PTX3 expression was upregulated in glioma tissues 
compared with normal brain tissue (Fig. 1c). Importantly, 

Chicago, IL, USA). Two-tailed Student’s t tests were used 
for comparisons between groups. Survival curves were 
plotted using the Kaplan–Meier method and compared by 
log-rank test. Differences were considered statistically sig-
nificant when P < 0.05 or P < 0.01.

Results

Expression of PTX3 positively correlates with glioma 
grade and is associated with poor prognosis

The expression PTX3 protein was analyzed in a brain tis-
sues microarray consisting of 74 brain tumors and normal 

Fig. 1  PTX3 expression in the glioma tissues and glioma cell lines.  
a Immunohistochemical staining revealed higher levels of PTX3 pro-
tein expression in high-grade glioma tissues (Grades III and IV) than 
in low-grade glioma tissues (Grades I and II) and normal brain tissue. 
b Bar graph summarizes the scored signal intensities of different grade 
glioma tissues and normal brain tissues. Low PTX3 low expression 
of PTX3; high PTX3 high expression of PTX3. c PTX3 expression 
was significantly increased in glioma tissues compared with normal 

tissues of patients from the TCGA GBM dataset. d Survival analysis 
of patients from the TCGA GBM dataset (P < 0.002). e, f PTX3 expres-
sion levels in five glioma cell lines (GBM8401, U-251, Hs683, M059J, 
and U87-MG) and the normal human astrocyte cell line (NHA) were 
analyzed by western blot and RT-PCR analyses. β-Actin was used as 
an internal loading control. Relative densities of PTX3 protein and 
mRNA expression were estimated by densitometry. Original magni-
fication 200×
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because they exhibit high endogenous PTX3 expression. 
Stable inhibition of PTX3 expression in human GBM8401 
cells was achieved using lentiviral vectors expressing con-
trol shRNA (shLuc) or shPTX3 (shPTX3#1, shPTX3#2, 
or shPTX3#3). After 24 h following transduction, the cells 
were incubated with puropomylin (3 mg/mL) for 5  days. 
Western blot and RT-PCR analyses revealed that the protein 
and mRNA expression levels of PTX3 in the shPTX3#2- and 
shPTX3#3-GBM8401 cells were significantly decreased 
in comparison to those of the shLuc- and shPTX3#1-
GBM8401 cells (Fig.  2a, b). Therefore, shPTX3#2- and 
shPTX3#3-GBM8401 cells were used for all subsequent 
experiments.

Knockdown of PTX3 expression inhibits glioma cell 
proliferation and induces cell cycle arrest at the G0/G1 
phase

Previous studies have indicated that PTX3 impacts can-
cer cell proliferation [13, 14], therefore, we investigated 
whether the knockdown of PTX3 affects GBM8401 cell 
proliferation. MTT analysis revealed that the proliferation 
of shPTX3#2- and shPTX3#3-GBM8401 cells was signifi-
cantly decreased in comparison with that in the shLuc cells 
at 48 and 72  h (Fig.  3a). To further confirm the tumori-
genicity of PTX3, we transfected it into U87-MG cells, 
which exhibit relatively low PTX3 expression. Western 
blotting confirmed that PTX3 protein was overexpressed 
in U87-MG cells compared with Neo-U87-MG cells (Sup-
porting Information Fig. S1a). Moreover, the MTT assay 
showed that proliferative capacity of PTX3-overexpressing 
U87-MG cells was significantly higher than observed in 
Neo-U87-MG cells (Supporting Information Fig. S1b). 

Kaplan–Meier analysis showed that the expression level of 
PTX3 in gliomas was significantly correlated with patients’ 
survival time (Fig. 1d).

We next examined the expression of PTX3 in five glioma 
cell lines and the NHA cell line using western blotting and 
RT-PCR analyses. Up-regulation of PTX3 expression was 
observed in the GBM8401, U251, and M059J glioma cells 
compared to the NHA cells (Fig. 1e) and other glioma cell 
lines (Fig. 1f). Taken together, these results imply that PTX3 
might have an important role in the malignant progression 
of gliomas.

Infection efficiency of lentiviral vectors expressing 
shPTX3

We selected GBM8401 cells to investigate the biological 
function of PTX3 in the malignant progression of gliomas 

Table 1  Correlation between PTX3 expression and clinicopathologi-
cal characteristics of brain tumor

Characteristic Number of patients (%) P value

PTX3 (low) PTX3 (high)

Age (year)
<52 18 (42.9) 24 (57.1) 0.375
≥52 8 (57.1) 6 (42.9)

Gender
Male 24 (57.1) 18 (42.9) 0.271
Female 6 (42.9) 8 (57.1)

Tumor grade
I + II 12 (54.5) 10 (45.5) <0.001
III + IV 2 (0.58) 32 (94.1)

Fig. 2  The efficiency of PTX3 knockdown in GBM8401 cells.  
a Western blots, b RT-PCR assay demonstrating decreased PTX3 pro-
tein and mRNA levels in GBM8401 cells after infection of lentivi-
ral-based PTX3-targeting shRNA constructs (shPTX3#1, shPTX3#2 
and shPTX3#3), respectively. β-Actin was used as an internal loading 

control, and all data were normalized to β-actin. Relative densities of 
PTX3 protein and mRNA expression were estimated by densitometry. 
Results are shown as the mean ± SE of three independent experiments. 
**P < 0.01, compared with shLuc cells
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Inhibition of PTX3 suppresses glioma cell invasion and 
migration

Glioma cells are highly invasive, and MMP genes have 
been suggested to contribute to metastasis. To explore the 
influence of PTX3 on GBM8401 cell migration and inva-
sion, we performed a Boyden chamber assay without Matri-
gel to detect cell migration and with Matrigel to examine 
invasion. As compared with the shLuc-GBM8401 cells, 
the shPTX3#2- and shPTX3#3-GBM8401 cells had sig-
nificantly slower rates of both migration (Fig.  4a, upper 
panel) and invasion (Fig. 4a, lower panel). In contrast, the 
PTX3-overexpressing U87-MG cells displayed signifi-
cantly greater migratory and invasive properties compared 
to the Neo-U87-MG cells (Supporting Information Fig. 
S1c). Because MMP-1, MMP-2, and MMP-9 play critical 
roles in glioma cell migration and invasion by degrading 

The impact of PTX3 expression on cell cycle distribu-
tion was next analyzed using flow cytometry. Analysis of 
shLuc-GBM8401 cells revealed that 43.4 % were in the 
G0/G1 phase while 60.4 and 62.1 % of the shPTX3#2- 
and shPTX3#3-GBM8401 cells were in the G0/G1 phase, 
respectively (Fig.  3b). Furthermore, western blot analy-
sis revealed that the expression of p21 was significantly 
increased, and the expression of cyclin D1 was significantly 
decreased in the shPTX3#2 and shPTX3#3-GBM8401 
cells compared to the shLuc-GBM8401 cells (Fig. 3c). Fur-
thermore, immunofluorescence analysis showed that the 
expression levels of PTX3 and cyclin D1 were significantly 
decreased in the shPTX3#2 and shPTX3#3-GBM8401 
cells compared to the shLuc-GBM8401 cells (Fig.  3d). 
These results suggest that the knockdown of PTX3 could 
induce cell arrest at the G0/G1 phase and ultimately inhibit 
glioma cell proliferation.

Fig. 3  Down-regulation of 
PTX3 inhibited cell prolifera-
tion and cell cycle acceleration 
in GBM8401 cells. a The 
percentages of cell prolifera-
tion of shLuc, shPTX3#2, and 
shPTX3#3 stable GBM8401 
cells were estimated by MTT 
assay at 24, 48, and 72 h.  
b The shLuc, shPTX3#2, and 
shPTX3#3 stable GBM8401 
cells were harvested, fixed, and 
stained with PI for cell cycle 
analysis; the percentages of 
cells in each phase of the cell 
cycle are shown. c Western 
blotting was used to analyze the 
protein levels of PTX3, cyclin 
D1, and p21. β-Actin was used 
as an internal loading control.  
d All cells were fixed, per-
meabilized, and immunostained 
with anti-PTX3 antibody 
(green) and anti-Cyclin D1 
(red), and cell nuclei were 
counter-stained with DAPI 
reagent (blue), and staining was 
visualized by confocal micros-
copy. Results are shown as the 
mean ± SE of three independent 
experiments. **P < 0.01, com-
pared with shLuc cells
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expression within the tumors. Taken together, these results 
suggested that the inhibition of PTX3 could suppress xeno-
graft glioma cancer cell growth.

Discussion

Previous in vitro and in vivo studies have suggested that 
PTX3 can serve as a diagnostic and prognostic marker of 
cancers, including pancreatic cancer [18], breast cancer 
[19], lung cancer [13], and head and neck cancer [20]. In 
this study, we found that PTX3 was upregulated in glioma 
tissues, and that it was significantly associated with glioma 
pathology grade. Knockdown of PTX3 inhibited the prolif-
eration of glioma cancer cells and induced glioma cell cycle 
arrest at the G0/G1 phase by modulating cell-cycle related 
proteins. Knockdown of PTX3 suppressed the migration 
and invasion of glioma cells via down-regulation of MMP-
1, MMP-2, and MMP-9 expression. Finally, knockdown of 
PTX3 inhibited the growth of xenograft tumors in vivo.

Identification of useful biomarkers is important in the 
diagnosis of glioma cancer. Although PTX3 has been 
shown to be a helpful clinical biomarker for the prediction 
and prognostic assessment of small-cell lung cancer [8], 
prostate cancer [13] and endometrioid ovarian cancer [21], 
but its biological function in glioma cancer is less well-
understood. In the present study, high expression of PTX3 
was observed in glioma tissues as compared to adjacent 
non-tumor tissues, and a positive correlation between PTX3 
expression and glioma grade was detected. These findings 
are in agreement with the past gene expression analyses 
and immunohistochemistry assays performed for gliomas 
of different grades, which showed that glioblastoma cells 

ECM, and their increased expression is associated with 
disease progression [15–17], we assessed whether PTX3 
knockdown in GBM8401 cells altered MMP-1, MMP2, and 
MMP9 protein expression. Western blot analysis revealed 
that the protein expression levels of MMP-1 and MMP-2 
in the shPTX3#2- and shPTX3#3-GBM8401 cells were 
significantly lower than those in the shLuc cells, but the 
knockdown did not changes in MMP-9 protein expression 
were detected (Fig.  4b). These results indicate that PTX3 
knockdown suppresses the migration and invasion potential 
of GBM8401 cells through down-regulation of MMP-1 and 
MMP-2 expression.

Inhibition of PTX3 suppressed the growth of glioma 
cells in vivo

We next investigated the efficacy of PTX3 knockdown 
against tumor growth in vivo. The tumor volume of 
shPTX3#2 and shPTX3#3-GBM8401 tumor xenografts 
in mice was significantly smaller than that of the shLuc-
GBM8401 tumor xenografts (Fig. 5a, b, respectively), and 
the average tumor xenograft weights in the shPTX3#2 and 
shPTX3#3-GBM8401 groups were significantly decreased 
as compared to that of the shLuc-GBM8401 group (Fig. 5d), 
suggesting that inhibition of PTX3 could suppress the growth 
of glioma xenografts in nude mice (Fig.  5c). Ultimately, 
there was no difference in average body weight between the 
shPTX3#2 and shPTX3#3-GBM8401 or shLuc-GBM8401 
groups, which indicated that there were no adverse effects 
from PTX3 inhibition in mice (Fig. 5e). The cell prolifera-
tion of tumors was indicated by the expression of the prolif-
eration marker, Ki-67. As shown in Fig. 5f, the shPTX3#2 
and shPTX3#3-GBM8401 groups had decreased Ki-67 

Fig. 4  Down-regulation of 
PTX3 inhibited cell migration 
and invasion. a Representa-
tive images showing invasive 
shLuc-, shPTX3#2- and 
shPTX3#3-GBM8401 cells in 
the absence (−) or presence  
( +) of Matrigel. The numbers 
of cells that migrated and 
invaded are quantified in the 
lower panel. b Western blotting 
was used to analyze the protein 
levels of PTX3, MMP-1, 
MMP-2, and MMP-9. β-Actin 
was used as an internal loading 
control. Results are shown as 
the mean ± SE of three indepen-
dent experiments. **P < 0.01, 
compared with shLuc cells
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the biological function of PTX3 in gliomas, we suppressed 
its expression in GBM8401 cells and found that it repressed 
cell proliferation by inducing cell cycle arrest at the G0/G1 
phase, suggesting that PTX3 expression influences the pro-
liferation rates of glioma cells.

Previous studies have shown that glioma cells are highly 
invasive by destroying intercellular and ECM components, 
allowing the cells to diffuse into normal brain tissue and 
resulting in distant metastasis [26]. MMP-1, MMP-2, and 
MMP-9 play critical roles in tumor invasion and metasta-
sis [27]. Up-regulation of the expression of MMP-1 and 
MMP-2 plays a key role in increasing the WHO grading 
of the glioma [28, 29]. Epidermal growth factor (EGF)-
induced PTX3 expression enhanced the invasion of head 
and neck squamous cell carcinoma (HNSCC), which then 
increased the expression of fibronectin and MMP-9 and the 
activation of the PI3K/Akt and NF-κB pathways, resulting 
in enhanced tumor metastasis [20]. Alternatively, other stud-
ies have shown that PTX3 may inhibit tumorigenesis and 
metastasis. Presta et al. showed that PTX3 inhibits fibro-
blast growth factor (FGF)/FGFR-driven epithelial-mesen-
chymal transition (EMT) in human BRAF-mutated A2058 
and A375 melanoma cells [30]. Furthermore, a recent report 
showed that PTX3 deficiency was associated with increased 
macrophage infiltration, cytokine production, angiogen-
esis, DNA damage in knockout-PTX3 mice [31]. More-
over, overexpression of PTX3 inhibited tumor cell growth 
in FGF-dependent human PTX3 transgenic mouse models 
[32]. Therefore, PTX3 may be have a suppressive function 
in tumor progression. In our study, knockdown of PTX3 sig-
nificantly inhibited the migration and invasion of GBM8401 
cells and decreased the expression of MMP-1 and MMP-2. 
In contrast, overexpression of PTX3 increased the prolif-
eration and invasion of U87-MG cells. It is possible that 
we detected an oncogenic role for PTX3 in glioma cancer 
in the present study, which may cell line-, tumor type- or 
species-specific.

To the best of our knowledge, the results of the present 
study are the first to demonstrate the biological function and 
possible mechanism of PTX3 in the proliferation, migra-
tion, and invasion of glioma cells. The results highlight the 
importance of PTX3 in regulating glioma tumorigenesis, 
suggesting that PTX3 is a promising therapeutic target in 
the treatment of gliomas.
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[23], complement activation [24], angiogenesis [4], and tis-
sue remodeling [25]. Xiao et al. [14] found that knockdown 
of PTX3 decreased lung adenocarcinoma cell proliferation 
in vitro as well as down-regulation of p-Akt, p-NF-kappa 
B, PCNA, and MMP-9 expression. To further investigate 

Fig. 5  Effect of PTX3 knockdown on GBM8401 tumor xenografts in 
vivo. a, b Representative images of the tumor formation from respec-
tive groups are shown (n = 5). c Tumor growth curves were measured 
after the injection of GBM8401 cells infected with shLuc, shPTX3#2, 
or shPTX3#3. Tumor volume was calculated every 7 days. d Average 
tumor weights and e body weights of mice 35 days after injection are 
shown (n = 5). f Immunohistochemistry was performed using Ki-67 to 
determine the percentage of Ki-67-positive proliferating cells in the 
GBM8401 tumor xenografts. Results are shown as the mean ± SE of 
three independent experiments. **P < 0.01, compared with shLuc 
group
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