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Abstract: Gliomas are the most prevalent type of primary brain tumors in adults, accounting for more than 40% 
of neoplasms in the central nervous system. The spen paralogue and orthologue C-terminal domain containing 1 
(SPOCD1) has been recently identified and found to discriminate progressive from non-progressive bladder cancers. 
In this study, we detected high-level of SPOCD1 expression in glioma and its high expression significantly associated 
with advanced tumor grade and poor prognosis. In vitro assays showed that knockdown of SPOCD1 significantly 
inhibited cell proliferation and colony formation capacities in U373 and U87 cells. In a xenograft model of glioma, 
SPOCD1 was also found to inhibit tumor growth. In addition, knockdown of SPOCD1 was shown to inhibit cell migra-
tion and invasion in glioma U373 and U87 cells. SPOCD1 positively regulated the expression of Pentraxin 3 (PTX3), 
whereas overexpression of PTX3 attenuated SPOCD1 knockdown-mediated inhibition of cell proliferation, migration 
and invasion in glioma cells. Our observations suggest that SPOCD1 promotes the proliferation and metastasis of 
glioma cells through regulating PTX3. Our data might provide novel evidence for the diagnosis and treatment of 
glioma in clinic.
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Introduction 

Glioma is the most common form of brain 
tumor, accounting for over 40% of all tumors in 
the center nervous system [1]. A recent cohort 
investigation has revealed that the overall me- 
dian survival for patients with malignant glio- 
ma is about 15 months [2]. Current therapeu- 
tic strategies for glioma consist of neurosurgi-
cal resection, chemotherapy and radiotherapy. 
However, all these strategies have failed to 
yield a good prognosis of malignant glioma.  
The poor prognosis may be primarily due to the 
properties that glioma cells are highly aggres-
sive and capable of infiltrating into adjacent 
normal brain tissue [3, 4]. Recurrence and 
resistance to chemotherapy are also two influ-
ential factors that are to be claimed for dire 
prognosis [5]. Therefore, it is always an urgen- 
cy to develop novel strategies for timely diagno-
sis and to search for innovative therapeutic 
agents for patients suffering from glioma.

Spen paralogue and orthologue C-terminal 
(SPOC) domain containing 1 (SPOCD1) is a 
recently identified novel gene that encodes a 
protein belonging to the transcription factor S-II 
(TFIIS) family of transcription factors [6]. SP- 
OCD1 was initially found to interact with testis 
protein phosphatase 1 which is a major euka- 
ryotic serine/threonine-specific phosphatase 
regulating cellular signaling in 2011 [7]. It was 
also speculated that SPOCD1 should be invo- 
lved in developmental regulation since it con-
tains the SPOC domain normally involved in 
developmental signaling [7]. However, the fun- 
ction of SPOCD1 has remained to be a myste- 
ry since then and received no experimental 
exploration. 

It is until recently that SPOCD1 has received  
its recognition as a tumor-related factor. An illu-
mine microarray study has shown that SPOC- 
D1 could independently discriminate progres-
sive from non-progressive bladder cancer pa- 
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tients with a sensitivity of 79% and a specifi- 
city of 86% (AUC=0.83) [8]. Moreover, SPOCD1 
was overexpressed in gastric tumors. Knock- 
out of SPOCD1 reduced gastric cancer cell  
proliferation, invasive activity, and migration, 
as well as growth of xenograft tumors in nude 
mice [9]. An exome array analysis has further 
identified that a low-frequency missense vari-
ant (rs1127549280) in the SPOCD1, at 1p35.2, 
was reproducibly associated with reduced risk 
of gastric cancer (odds ratio, 0.56; P=3.48 × 
10-8) [9]. Similarly, it has been recently found 
that SPOCD1 expression is significantly upre- 
gulated in human masticatory mucosa during 
wound healing [10], placing a possibility for 
SPOCD1 regulating cell migration processes. 
These pioneer reports implicated the biologi- 
cal significance of SPOCD1 in human tumo- 
rigenesis.

In view of the emerging evidence showing the 
biological activities of SPOCD1 in human can-
cers, it is reasonable to investigate the expr- 
ession profile and functional roles of SPOCD1 
in gliomas. To this end, we initially examined 
expression of SPOCD1 from databases and 
verified these findings using clinical tissues  
and in vitro cell line models. Effects of SPOCD1 
knockdown on cell proliferation and metastas- 
is were then systemically investigated in this 
study. Molecular mechanisms of how SPOCD1 
exerts its function were also explored. Our data 
suggest that SPOCD1 promotes the prolifera-
tion and metastasis of glioma cells by up-re- 
gulating PTX3. Our study might provide novel 
evidence for the early diagnosis and treatment 
of glioma in clinic.

Materials and methods

Human glioma tissue collection and ethical 
statements

A total of 36 glioma tissues and 10 normal 
brain tissues were collected from the depart-
ment of The Fourth Affiliated Hospital of Gu- 
angxi Medical University during 2010-2017. 
Their adjacent non-tumor tissues were synch- 
ronously obtained for each glioma patients. 
The Clinical data such as age, gender, tumor 
size and WHO grade were recorded for statisti-
cal analysis. All patients were notified the pur-
pose of this study and each patient showed 
their full consent to participate in our study.  
The use of human tissues and protocols of ani-
mal experiments were in accordance with re- 

gulations made by the Ethical Review Board  
at The Fourth Affiliated Hospital of Guangxi 
Medical University hospital.

Cell lines and cell culture

Human glioma cell lines, including U373, U87, 
T98G, SHG44, A172 and U251 were purchas- 
ed from the cell bank of Shanghai Biological 
Institute, Chinese Academy of Science (Shang- 
hai, China). All culture media were supplied wi- 
th 10% fetal bovine serum (FBS, Hyclone, Lo- 
gan, UT, USA). U87, U373 and T98G were cul-
tured in Eagle’s Minimum Essential Medium 
(MEM; Hyclone), while U251 and SHG44 cells 
were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM; Hyclone). Cells were main-
tained at 37°C in a humidified atmosphere of 
5% CO2.

Histology analysis

For histology analysis, collected tissues were 
immediately fixed in formalin for 24 h, embed-
ded in paraffin and cut into 5-μm thick sec-
tions. Sections were then dewaxed in xylene 
and rehydrated gradually through 3 alcohol 
changes (100%, 95%, and 85% for 5 min each). 
Sections were firstly stained with eosin, fol-
lowed by counterstaining with hematoxylin (HE 
staining). For immunohistochemistry (IHC) an- 
alysis, rehydrated sections were subject to 
microwave irradiation for 3 min in pH 6.0 cit- 
ric buffer and cooling at room temperature for 
60 min to unmask the antigens. Slides were 
then incubated in phosphate-buffered saline 
(PBS) containing 3% H2O2 for 10 min to block 
endogenous peroxidase activity. Thereafter, pri-
mary antibodies were incubated with slides 
overnight at 4°C. After secondary antibody in- 
cubation, tissue antigens were visualized us- 
ing 3,3-diaminobenzidine (DAB) solution and 
counterstained with hematoxylin. Omission of 
primary antibodies was used to create nega- 
tive control slides for all assays. Based on IHC 
staining, the expression of SPOCD1 in each 
case was divided into two classes according  
to the extent of positivity: low expression, <25% 
of tumor cells showed positive staining; high 
expression, >25% of tumor cells showed posi-
tive staining.

RNAi, plasmid and transfection

The pGV144-PTX3 expression plasmid were 
constructed by Genechem; for transfection, 1.0 
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× 105 cells were seeded on 60-mm culture 
plates to allow for a monolayer extension. Cells 
were then transfected with oligonucleotides  
or plasmids using Lipofectamine 2000 (Invi- 
trogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. Transfected cells 
were incubated at 37°C with 5% CO2 for 48 
hours. Efficiency of transfection was evaluated 
by quantitative real-time polymer chain reac-
tion (qRT-PCR) and western blot analysis.

RNA isolation and qRT-PCR analysis

Total RNAs were extracted using a standard 
Trizol reagent (Invitrogen). RNAs were immedi-
ately reversely transcribed into cDNA using 
Prime Script TM Master Mix (Takara, Tokyo, 
Japan) according to the manufacturer’s instr- 
uctions. Then, qRT-PCR was performed with 
SYBR Premix EX Taq TM II (Takara) according  
to its product manual on the real-time PCR 
detection system ABI7900 (Thermo Fisher Sci- 
entific, California, USA). β-actin was used as  
the internal reference, and gene mRNA expres-
sion were calculated by 2-ΔΔCt method.

Western blot analysis

Cells or tissues were lysed in lysis buffer (2% 
mercaptoethanol, 20% glycerol, 4% SDS in  
100 mM Tris-HCl buffer, pH 6.8) with a freshly 
added protease inhibitor cocktail (Roche Ap- 
plied Science, Indianapolis, IN, USA). The total 
protein extracts were quantified using a BCA 
assay kit (Thermo Fisher Scientific). An equal 
amount of 50 ng protein extracts were loaded 
to 12% sodium dodecyl sulfatepolyacrylamide 
gel electrophoresis (SDS-PAGE) apparatus and 
transferred to a nitrocellulose membrane (Mil- 
lipore; Bedford, MA, USA). Next, proteins were 
detected by specific antibodies using an en- 
hanced chemiluminescence (ECL, Millipore, Br- 
edford, USA). The immunoreactive bands we- 
re quantified by the densitometry with Image J 
software when necessary.

Cell viability determination

Cell viability was determined using the methyl-
thiazoletetrazolium (MTT) assay. Briefly, after 
corresponding treatments, U373 and U87 cells 
were trypsinized and reseeded in triplicate in 
96-well plates at an initial density of 4,000 
cells per well. Cell numbers were monitored for 
a total of 5 consecutive days. At each indicated 

time points, cells culture were added with 10 μl 
of MTT solution (5 mg/mL) per well. After 2 h 
incubation at room temperature, the absor-
bance of plate was recorded at 595 nm. Cell 
viability was defined as the cell number ratio of 
experimental groups to control cells.

Colony formation assay

To observe the relative long-term effect of 
SPOCD1 on cell proliferation, colony formation 
assay was performed. In brief, U373 and U87 
cells with different treatments were re-seeded 
in 6-well plates at an initial density of 900 
cells/well and allowed to grow for 14 days to 
form natural colonies. At the end of monitored 
time, cells were washed by PBS for three tim- 
es, treated with crystal violet for 30 min, and 
washed twice by deionized water. Then, colo-
nies in each group of cells were photographed 
using a digital camera and the number of colo-
nies was counted. 

Transwell migration and invasion assays

In vitro cell migration and invasion assays were 
performed using Boyden chambers containing 
polycarbonate filters with a pore size of 8 μm 
(Coring Incorporated, NY, USA). For migration 
assay, 1 × 104 cells suspended in 100 μl FBS-
free MEM medium were seeded into the up- 
per chamber. In the lower chamber, 500 μl of 
MEM with 10% FBS was added as chemo- 
attractant.

After incubation for 24 h at 37°C in a 5% CO2 
atmosphere, cells on the upper surface of the 
insert scraped with a cotton swab. Cells adher-
ing to the lower surface were fixed with crystal 
violet for 15 min and then manually counted 
under microscope in five fields (× 200). The pro-
cedure for cell invasion assay was basically 
similar to the cell migration assay except that 
the transwell membranes were precoated with 
Matrigel for 30 min prior to cells seeding (BD 
Biosciences, Germany).

A xenograft model of glioma

Briefly, after receiving different treatments, a 
total of 2 × 106 logarithmically growing U87 
cells in 0.1 ml PBS were subcutaneously innoc-
ulated into the right flank of 3-week-old male 
BALB/c nude mice (n=5 per group) (SLAC labo-
ratory animal Center, Shanghai, China). Tumor 
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Figure 1. SPOCD1 is upregulated in human glioma. A: Gene expression 
data were obtained from NCBI Gene Expression Omnibus (GEO) database 
(accession numbers: GSE7696, GSE2223, GSE4290 and GSE4536). The 
mRNA level of SPOCD1 was significantly higher in glioma tissues than that 
in the adjacent non-tumor tissues with the SPOCD1 mRNA increase rang-
ing from 2.5 to 36.3-fold. B: Quantitative PCR analysis of SPOCD1 mRNA 
in 60 glioma tissues and 10 normal control tissues. C: Total proteins were 
extracted from 5 randomly selected glioma tissues (T) and their adjacent 
non-tumor tissues (N), and subject to western blot analysis. D: Western blot 
analysis of SPOCD1 protein levels in serial glioma cell lines (U373, U87, 
T98G, SHG44, A172 and U251). 

dimensions were measured for each group of 
mice once a week for a total of 7 weeks. Tumor 
volume was calculated using the formula: 
tumor volume =L × W2/2 where L represents 
the longer diameter and W represents the sh- 
orter diameter of tumors. At the end of experi-
mental period, all neoplasia were excised and 
weighed. The excised neoplastic tissues were 
formalin-fixed, paraffin-embedded, sectioned 
and subject to HE staining for tissue confirma-
tion and IHC analysis using a specific antibo- 
dy against Proliferating Cell Nuclear Antigen 
(PCNA). All efforts were made to minimize suf- 
fering.

Analysis of microarray data

Initially, the ONCOMINE Cancer Microarray 
database (http://www.oncomine.org) was que-

Chi-square test was used to compare differ-
ences among categorical variables. The prog-
nostic significance analysis was performed 
using Kaplan-Meier method and log-rank tests. 
Differences were considered statistically sig-
nificant when a two-sided p value was less than 
0.05.

Results

SPOCD1 is upregulated in human glioma and 
its level positively correlates with advanced 
tumor stage

Initially, we tested the expression of SPOCD1  
in glioma by querying the ONCOMINE databa- 
se (http://www.oncomine.org) [11]. Four micro-
array expression studies reported the expres-
sion of SPOCD1 [12-15] and found that SPO- 

ried to study gene expression 
of SPOCD1 in glioma samples. 
Gene expression data were 
also obtained from NCBI Gene 
Expression Omnibus (GEO) da- 
tabase (accession numbers: 
GSE4290, GSE7696, GSE45- 
36 and GSE2223) and The 
Cancer Genome Atlas (TCGA) 
dataset. Expression data for 
SPOCD1 were log transform- 
ed, median centered per ar- 
ray, and the standard devia- 
tion was normalized to one per 
array. The correlation analysis 
of SPOCD1 and Pentraxin 3 
(PTX3) were performed in GSE4- 
290 and GSE4536 datasets. 
The univariate analysis of sur-
vival data within the glioblas-
toma dataset of the TCGA was 
performed using the Kaplan-
Meier analysis module of the 
R2 microarray analysis and 
visualization platform (http://
r2.amc.nl). 

Statistical analysis

GraphPad Prism version 5.0 
(GraphPad Software, La Jolla, 
CA, USA) software was used 
for statistical analysis. Data 
are shown as mean ± standard 
deviation (SD). The two-tailed 
Student’s t-test was used for 
comparisons between groups. 
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CD1 was consistently elevated in glioma tis-
sues (Supplementary Figure 1). Gene expres-
sion data were also obtained from NCBI GEO 
database (accession numbers: GSE4536, GS- 
E4290, GSE7696 and GSE2223). In the four 
studies, the mRNA level of SPOCD1 was signi- 
ficantly higher in glioma tissues than that in  
the adjacent non-tumor tissues with the SP- 
OCD1 mRNA increase ranging from 2.5 to  
36.3-fold (Figure 1A). We further verified the 
SPOCD1 expression in 60 glioma tissues and 
10 normal control tissues using qPCR. It was 
shown that the average mRNA of SPOCD1 in 
the glioma tissues was over 2-fold of that in 
normal control tissues (Figure 1B). In the ran-
domly selected 5 glioma cases, western blot-
ting also showed that the protein levels of 

SPOCD1 were remarkably elevated in all of  
the tumor tissues as compared with their ad- 
jacent non-tumor tissues (Figure 1C). More- 
over, in the cell line culture, it was found that 
U373 and U87 exhibited the highest protein 
levels of SPOCD1, whereas A172 had the le- 
ast expression of SPOCD1 (Figure 1D). These 
results suggest that SPOCD1 is upregulated in 
human glioma.

Particularly, it was shown in the GEO database 
(GSE4290) that along with the glioma turning 
into higher grade, expression of SPOCD1 mRNA 
significantly increased (Figure 2A) [13]. The 
clinical outcome of glioblastoma patients was 
then analyzed in TCGA datasets. The univariate 
analysis of survival within the TCGA dataset 
was performed using the Kaplan-Meier analy-
sis module of the R2 microarray analysis and 
visualization platform (http://r2.amc.nl). It this 
dataset, patients with glioblastoma (grade IV  
of glioma) were divided into SPOCD1 high ex- 
pression group (n=7) and SPOCD1 low expres-
sion group (n=128). It was revealed that glio-
blastoma patients with high expression of SP- 
OCD1 had a median survival month of 4.53, 
whereas patients with low expression of SP- 
OCD1 had a median survival month of 13.76 
(Figure 2B; p=0.0044). In addition, the correla-
tion between expression pattern of SPOCD1  
in glioma and their clinical outcome was ana-
lyzed in our study cohort (Table 1). Our results 
revealed that SPOCD1 overexpression was sig-

Figure 2. SPOCD1 expression indicates a poor clinical outcome of glioma. A: In the GEO database (GSE4290), the 
mRNA levels of SPOCD1 were reported in non-tumor tissues and glioma tissues with different grading. With the 
glioma turning into higher grade, expression of SPOCD1 mRNA significantly increased. B: Kaplan-Meier analysis of 
glioblastoma patients (grade IV of glioma) in TCGA dataset. Patients with high expression of SPOCD1 had a median 
survival month of 4.53, whereas patients with low expression of SPOCD1 had a median survival month of 13.76. 
High expression of SPOCD1 indicates a worse overall survival (P=0.0044).

Table 1. Association of SPOCD1 expression 
with clinical parameters

Parameters Characteristic
SPOCD1 

expression P value
High Low

Age (years) ≥54 22 12 0.3948
<54 14 12

Gender Male 12 10 0.4306
Female 24 14

Tumor size ≥4 cm 21 10 0.2057
<4 cm 15 14

WHO grade I/II 10 15 0.0075*
III/IV 26 9
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Figure 3. Knockdown of SPOCD1 inhibits glioma cell proliferation in vitro. 
A: Two specific shRNAs against SPOCD1 were synthesized and transfected 
into both U373 and U87 cells. A negative control shRNA (NC group) was 
synchronously used as an experimental control. qPCR analysis verified that 
both shSPOCD1s worked effectively to deplete the mRNA level of SPOCD1. 
The first shSPOCD1 was relatively more effective. B: Western blot analysis 
verified that the first shSPOCD1 was effective to deplete the protein levels of 
SPOCD1 in U373 and U87 cells. C, D: U373 and U87 cells transfected with 
scramble shRNA (scramble group) or shSPOCD1 were subject to MTT assay. 
Cell numbers were monitored for consecutive 5 days. E, F: U373 and U87 
cells transfected with scramble shRNA (scramble group) or shSPOCD1 were 
subject to colony formation assay. Colonies were stained with crystal violet 
and counted for each group.

nificantly correlated with WHO tumor grade 
(p=0.0075). About 72% (26 of 36) of high-grade 
gliomas (grades III and IV) were found to over-
express SPOCD1. No significant association 
was found between SPOCD1 expression and 
other categories, including patients’ age, gen-
der and tumor size. This finding suggests that 
SPOCD1 level associates with a poor prognos- 
is and correlates with advanced tumor stage in 
glioma.

Knockdown of SPOCD1 inhibits glioma cell 
proliferation in vitro and in vivo

To evaluate the functional role of SPOCD1 in 
glioma, we examined the effect of SPOCD1 
knockdown on the proliferation of U373 and 
U87 cells. These cells were stably transfected 
with either specific shRNAs targeting SPOCD1 

in the colony formation assay (Figure 3E). 
Quantification of formed colonies showed that 
only approximate 30 colonies were observed in 
SPOCD1-depleted U373 cells, whereas approxi-
mate 120 colonies were present after staining 
of control U373 cells. In U87 cells, only an aver-
age of 18 colonies were observed after SPOCD1 
depletion, which was an 80% decrease relative 
to those in control U87 cells (Figure 3F).

We further confirmed the above findings in vivo 
in a xenograft glioma model. U87 cells trans-
fected with shSPOCD1 (shSPOCD1 group) or 
scramble shRNA (NC group) were injected sub-
cutaneously into two groups of nude mice (n=5 
per group). As expected, tumor growth curve 
showed that tumors derived from shSPOCD1 
group grew more slowly than those from the  
NC group. Seven weeks after injection, the 

(shSPOCD1 group) or a nega-
tive control shRNA (NC group). 
These two cell lines were select- 
ed due to their properties of 
high SPOCD1 levels. Cell prolif-
eration was assessed by MTT 
assay and colony formation 
assay in vitro. After transfec-
tion of either the first (termed 
shSPOCD1#1) or the second 
(shSPOCD1#2) shRNA against 
SPOCD1, the mRNA levels of 
SPOCD1 were significantly de- 
creased by up to 60-70% in 
both cell lines (Figure 3A). The 
first shSPOCD1 (shSPOCD1#1) 
was relatively more effective 
and thus utilized for the su- 
bsequent assays (short for 
shSPOCD1). Western blot anal-
ysis further verified that the 
shSPOCD1 efficiently silenced 
the expression of SPOCD1 in 
both U373 and U87 cells 
(Figure 3B). In the MTT assay, 
cell viability was continuously 
monitored for consecutive 5 
days. It was observed that 
three days after transfection of 
shSPOCD1, knockdown of SP- 
OCD1 caused significant loss 
of proliferative capacities in 
both U373 (Figure 3C) and U87 
cells (Figure 3D). Similarly, col-
onies were visually less obse- 
rved in SPOCD1-silenced cells 
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Figure 4. Knockdown of SPOCD1 inhibits tumor growth in vivo in a xeno-
graft glioma model. U87 cells transfected with shSPOCD1 (shSPOCD1 
group) or vector alone (NC group) were injected subcutaneously into two 
groups of nude mice (n=5 per group). A: Tumor volumes were measured 
for 7 weeks and the tumor growth curve was calculated. Tumors derived 
from shSPOCD1 group grew more slowly than those from the NC group. B: 
At the end of the experiment, all tumors were resected. C: Resected tumors 
were weighed. Tumor weight was significantly lower in the SPOCD1-depleted 
group (0.19 ± 0.02 g) compared to that in the control group (0.62 ± 0.18 
g). D: Tissues from the in vivo model were subject to HE staining and IHC 
staining using primary antibody against PCNA. PCNA was less expressed in 
shSPOCD1 group.

tumor volume of shSPOCD1 group was 400 ± 
21 mm3, whereas the tumor volume of control 
group was over 800 ± 89 cm3 (Figure 4A). 
Resected tumors were also visually less sized 
in the shSPOCD1 group (Figure 4B). Moreover, 
mean tumor weight at the end of the experi-
ment was significantly lower in the SPOCD1-
depleted group (0.19 ± 0.02 g) compared to 
that in the control group (0.62 ± 0.18 g; Fi- 
gure 4C). Histology analysis also revealed that 
PCNA, a cell proliferating biomarker, was less 
expressed in shSPOCD1 group (Figure 4D). The 
in vivo experiments support the above in vitro 
findings and collectively suggest that Knock- 
down of SPOCD1 inhibits glioma cell prolifera-
tion in vitro and in vivo.

Knockdown of SPOCD1 inhibits cell migration 
and invasion in glioma

Next, effects of SPOCD1 knockdown on cell 
metastasis were assessed in vitro. U373 and 
U87 cells transfected with shSPOCD1 or scra- 
mble shRNA were subject to transwell migra-
tion and invasion assays. After staining, it was 
observed that both SPOCD1-depleted U373 

PTX3 is one of the targets most significantly 
associated with SPOCD1 (R=0.719, p<0.01 in 
GSE4290 and R=0.619, p<0.01 in GSE4536). 
To confirm this finding, we further examined the 
expression of SPOCD1 and PTX3 in indepen-
dent assays using clinically collected 36 cases 
of glioma. Linear regression analysis showed 
that the mRNA of SPOCD1 positively associat-
ed with that of PTX3 in our clinical tissues 
(R=0.634, p<0.01, Figure 6C). Moreover, kno- 
ckdown of SPOCD1 in glioma cells significantly 
decreased expression of PTX3 at both the 
mRNA (Figure 6D) and protein levels (Figure 
6E). These findings suggest that PTX3 may be 
targeted by SPOCD1 in glioma.

SPOCD1 promotes cell proliferation and me-
tastasis in glioma by regulating PTX3

To determine whether SPOCD1 promotes pro- 
liferation and metastasis of glioma cells thr- 
ough upregulation of PTX3, we re-expressed 
the PTX3 in SPOCD1-depleted U87 cells. 
Western blot analysis confirmed the efficiency 
of transfection of either shSPOCD1 or PTX3 
expression plasmid (Figure 7A). According to 

and U87 cells showed signifi-
cantly decreased migratory 
and invasive abilities (Figure 
5A). Particularly, U373 cells 
were decreased of migration 
abilities by up to 80% and inva-
sion abilities by 81.5% after 
knockdown of SPOCD1 (Figure 
5B). Likewise, knockdown of 
SPOCD1 caused decreases of 
migration abilities by up to 
80.7% and invasive abilities by 
70% in U87 cells (Figure 5C). 
These results suggest a role of 
SPOCD1 in the promotion of 
cell metastasis.

SPOCD1 upregulates PTX3 in 
glioma cells

To study the underlying molec-
ular mechanisms by which 
SPOCD1 promotes glioma cells 
aggressiveness, we analyzed 
the downstream targets of 
SPOCD1. A coexpression anal-
ysis of SPOCD1 was performed 
using the GEO datasets (Figure 
6A and 6B), which showed that 
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Figure 5. Knockdown of SPOCD1 inhibits cell migration and invasion in glioma. U373 and U87 cells transfected with 
shSPOCD1 or scramble shRNA were subject to transwell migration and invasion assays. Invasion assay was basical-
ly following the protocols for migration assay except for using a Matrigel-coat. A: All transmigrated cells were stained 
with crystal violet and photographed. B, C: Transmigrated cells were counted in each group of cells for both migra-
tion and invasion assays. The data was drawn from five randomly selected fields photographed under microscopy.

Figure 6. SPOCD1 upregulates PTX3 in glioma cells. (A) The correlation analysis of SPOCD1 and TPTX3 were per-
formed in GSE4290 (A) and GSE4536 datasets (B) using the gene correlation module of the R2 microarray analysis 
and visualization platform. (C) Linear regression analysis showed the correlation of SPOCD1 mRNA with PTX3 in 36 
clinical glioma tissues. (D, E) knockdown of SPOCD1 in U373 and U87 cells caused decreased of PTX3 at both the 
mRNA level and protein level. 
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the MTT results, re-expression of PTX3 signifi-
cantly attenuated the growth disadvantage 
conferred by SPOCD1 depletion in U87 cells 
(Figure 7B). The colony formation assay also sh- 
owed that re-expression of PTX3 dramatically 
attenuated the growth disadvantage conferred 
by SPOCD1 depletion in U87 cells (Figure 7C). 
Relative to almost 80 colonies in control group, 
there was only approximate 20 colonies in sh- 
SPOCD1 group, but almost 72 colonies were 
counted in PTX3 re-expressed group (Figure 
7D). We also conducted transwell migration 
assays to assess effects of PTX3 re-expression 

on SPOCD1-mediated cell metastasis. It was 
observed that more cells transmigrated in 
PTX3 re-expression group as compared with 
SPOCD1-depleted group (Figure 7E). Relative 
to almost 100 cells that transmigrated in con-
trol group, SPOCD1 knockdown decreased 
migrated cells to be only 40 counts. However, 
re-expression of PTX3 increased transmigrated 
cells to a level insignificantly different from the 
control group (Figure 7F). Taken together, these 
results suggest that PTX3 is essential for 
SPOCD1-induced glioma cell proliferation and 
migration. 

Figure 7. SPOCD1 promotes cell proliferation and metastasis in glioma by regulating PTX3. (A) PTX3 expression 
plasmid was utilized to re-express PTX3 in SPOCD1-depleted U87 cells. Western blot analysis was performed to 
confirm transfection efficiency (A). U87 cells transfected with a negative control shRNA (NC), shSPOCD1 and/or 
PTX3 expression plasmid were then subject to MTT assay (B), colony formation assay (C, D) and transwell migration 
assay (E, F).
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Discussion

As the most common brain tumor, glioma is 
well-known not only for its rapid growth but al- 
so for invading the surrounding brain tissues 
[16]. Glioma is unfortunately resistant to the 
current therapeutic strategies which leads to 
an extremely poor prognosis [5]. Current re- 
ports have identified many key mediators that 
may serve as promising therapeutic targets or 
as a biomarker for early diagnosis [16, 17]. All 
these studies have enhanced our understand-
ing of glioma development and progression.

The present study investigated the expression 
and function of a novel gene SPOCD1 in glio- 
ma progression. SPOCD1 belongs to the tran-
scription factor S-II (TFIIS) family that is impli-
cated in developmental regulation [6]. Emerg- 
ing evidence has shown the clinical significan- 
ce of SPOCD1. It has been shown that SPO- 
CD1 independently discriminates progressive 
from non-progressive bladder cancer patients 
with a sensitivity of 79% and a specificity of 
86% (AUC=0.83) [8]. Knockout of SPOCD1 re- 
duced gastric cancer cell proliferation, invasive 
activity, and migration, as well as growth of 
xenograft tumors [9]. A missense variant of 
SPOCD1 at 1p35.2 reproducibly associated 
with reduced risk of gastric cancer [9]. Howev- 
er, whether SPOCD1 plays any role in glioma 
remains to be elucidated. 

We found in the present study that SPOCD1 
was overexpressed in glioma tissues in four 
datasets and in our independent verification 
tests. The overexpression of SPOCD1 in glio- 
ma is consistently observed in gastric tumors 
[9] and in human masticatory mucosa during 
wound healing [10], but is in great distinction 
from that in bladder cancer where an eightfold 
down-regulation of SPOCD1 was observed as 
compared with normal tissues [8]. Inconsistent 
expression of SPOCD1 might implicate differ-
ent transcription profiles across tissue types. 
More importantly, high expression of SPOCD1 
correlated significantly with poor tumor grading 
and a shortened survival time. The clinical sig-
nificance of SPOCD1 was also supported by 
observations where knockdown of SPOCD1 
caused cell proliferation inhibition in vitro and 
in vivo, and cell migration and invasion abilities 
were dampened by depletion of SPOCD1 in 
U373 cells and U87 cells. Hence, these strong 

evidences suggest that SPOCD1 plays a cri- 
tical role in promoting cell proliferation and 
metastasis in glioma. In view of its biological 
importance elsewhere, previous reports and 
our current data might suggest that SPOCD1 
exerts wide regulatory roles in human tumo- 
rigenesis. 

Interestingly, we identified PTX3 as a down-
stream target by which SPOCD1 exerts its can-
cer-promotion effects in glioma. PTX3, also 
called tumor necrosis factor (TNF)-inducible 
gene 14 protein (TSG-14), is a member of the 
superfamily of acute-phase proteins [18]. PTX3 
activates the JNK signaling and regulates the 
epithelial-to-mesenchymal transition process 
[19], which is always accompanied with tumor 
metastasis [20]. In fact, mounting evidence 
has focused on the potential relationship be- 
tween PTX3 and various malignancies. Incre- 
ased plasma levels of PTX3 are associated with 
poor prognosis of colorectal carcinoma pati- 
ents [21]. Overexpression of PTX3 might be re- 
lated to poor prognosis in lung cancer via lo- 
cal inflammation mechanism [22]. Our data 
showed that SPOCD1 correlated well with PT- 
X3 in both online datasets and clinical tissu- 
es. Knockdown of SPOCD1 decreased the ex- 
pression of PTX3. Re-expression of PTX3 at- 
tenuated the cell proliferation and metastasis 
inhibition conferred by SPOCD1 knockdown. 
Therefore, PTX3 is essential for SPOCD1-indu- 
ced glioma cell proliferation and migration. 
However, the detailed mechanisms of how 
SPOCD1 regulated PTX3 remains to be uncov-
ered. It is possible that SPOCD1 regulated PT- 
X3 via a direct transcriptional regulation since 
SPOCD1 is identified as the TSIIS transcription 
factor family member [6]. It is also plausible 
that SPOCD1 indirectly regulates PTX3 via a 
posttranslational modification since evidence 
has shown that SPOCD1 could interact with 
protein phosphatase 1 [7]. It merits further 
investigation of how SPOCD1 concisely regu-
lates PTX3 in promoting cell proliferation and 
metastasis in glioma.

In all, the present study identified SPOCD1 as  
a critical mediator of cell proliferation and 
metastasis in glioma. SPOCD1 was significantly 
elevated in glioma tissues. Knockdown of SP- 
OCD1 significantly dampened cell proliferation, 
migration and invasion. PTX3 was a down-
stream target whereby SPOCD1 exerted its  
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cancer promotion effects in glioma. Drugs tar-
geting either PTX3 or SPOCD1 might be a pro- 
mising way to develop novel therapeutic strate-
gies against glioma. Our data might provide 
novel evidence for the diagnosis and treatment 
of glioma in clinic.
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Supplementary Figure 1. SPOCD1 is upregulated in human glioma using the ONCOMINE database. The ONCOMINE 
database was queried and global genes were found to be overexpressed in glioma tissues. Among all the dysregu-
lated genes, SPOCD1 was consistently elevated in the four reports (highlighted in red box).


