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Abstract. Malignant glioma is a highly invasive brain tumor 
resistant to conventional therapies. Secreted protein acidic 
and rich in cysteine (SPARC) has been shown to facilitate 
glioma invasion. However, the effects of SPARC on cell 
growth have yet to be adequately elucidated. In this study, 
we constructed a plasmid expressing shRNA against SPARC, 
evaluated the effect of SPARCshRNA on SPARC expression 
and then assessed its effect on cell growth in U-87MG cells. 
Using plasmid-delivered shRNA, we effectively suppressed 
SPARC expression in U-87MG cells. Cell growth curves 
and colony formation assay suggested that the introduction 
of SPARCshRNA resulted in an increase of cell growth and 
colony formation. We also showed that knockdown of SPARC 
expression was capable of promoting the cell cycle progres-
sion from the G1 to S phase. However, no difference was 
found in the level of apoptosis. A molecular analysis of signal 
mediators indicated that the inhibition of p-c-Raf (Ser259) and 
accumulation of p-GSK-3β (Ser9) and p-AKT (Ser473) may 
be connected with the growth promotion by SPARC shRNA. 
Our study may provide an insight into the biological function 
of SPARC in glioma.

Introduction

Glioma is a malignant tumor with great invasion potential, 
and with a high relapse rate and poor prognosis. The median 
survival of patients with glioma is only 9-12 months (1). The 
poor prognosis in glioma patients is partially ascribed to the 
failure of curative surgery and resistance to chemotherapy or 

radiotherapy. Thus, investigation of more effective treatments 
to improve the survival of glioma patients is crucial.

Secreted protein and rich in cysteine (SPARC), a matri-
cellular protein, plays a crucial role in modulating cell 
adhesion, motility and cell-matrix interactions (2,3). A 
growing body of evidence suggests that SPARC overexpres-
sion is responsible for the aggressiveness of many human 
tumors (4-10). Glioma is a highly invasive tumor as noted 
in studies where the overexpression of SPARC was reported 
in adult human gliomas either in the tumor core or at the 
brain-tumor interface,  (6,10,11). As a marker of poor prog-
nosis, SPARC was correlated with the survival of glioma 
patients (12). As regards the underlying mechanisms by which 
SPARC contributes to glioma invasion, SPARC has been 
shown to upregulate MT1-MMP levels and MMP-2 activity, 
which degrade components of the extracellular matrix and 
may promote cell migration (13). Furthermore, HSP27 may 
mediate SPARC-induced changes in glioma invasion (14). 
The abovementioned results suggest that SPARC be explored 
as a cancer therapeutic target. However, the complex func-
tions of SPARC and its precise role in glioma have yet to 
be adequately elucidated. Thus, more efforts are required to 
provide a biological rationale for clinical application.

In the present study, a plasmid expression vector of 
shRNA against SPARC was constructed, transfected into 
U-87MG cells and the stably transfected cells in which the 
expression of SPARC was downregulated successfully was 
obtained. Cell growth, colony formation, cell cycle distri-
bution, apoptosis and certain signal molecules were then 
analyzed to detect the role of SPARC in cell growth and the 
relevant mechanisms.

Materials and methods

Cell lines and culture. The human malignant glioma U-87MG, 
U-251 and SHG44 cells were cultured in Dulbecco's modi-
fied Eagle's medium (DMEM) supplemented with 10% fetal 
bovine serum (FBS) and incubated in 5% CO2 at 37˚C.

Real-time RT-PCR. Total RNA was extracted with RNAiso 
reagent (Takara, Japan), and 1 µg was utilized for the cDNA 
synthesis. SPARC primers were 5'-AGGAAACCGAAGAG 
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GAGG-3'  (forward) and 5'-TTGTGGCAAAGAAGTGGC-3'  
(reverse). 18S primers were 5'-ACGACCCATTCGAACG 
TCTG-3' (forward) and 5'-CCGTTTCTCAGGCTCCCTC-3' 
(reverse). PCR conditions were 50˚C for 2  min, 95˚C for 
10  min, 40  cycles at 95˚C for 15  sec and 60˚C for 1  min. 
Relative expression of SPARC  mRNA was calculated by 
normalization of the cycle threshold (Ct) of SPARC to that of 
18S, ΔCt=Ct SPARC-Ct 18S.

Western blotting. For each assay, cells were lysed in lysis buffer 
(Beyotime, China) and centrifuged at 14,000 rpm for 5 min at 
4˚C. An equal amount of protein was run on polyacrylamide 
gels (SDS‑PAGE), transferred to PVDF membrane and hybrid-
ized. Immunoblot signals were detected using ECL reagent 
according to the manufacturer's instructions (Beyotime). 
Anti-SPARC antibody was purchased from Invitrogen 
(USA). Specific antibodies for phosphor‑c‑Raf  (Ser259), 
phosphor‑GSK‑3β (Ser9), phosphor‑AKT (Ser-473) and AKT 
were purchased from Cell Signaling Technology (USA). The 
antibodies were used according to the manufacturer's instruc-
tions. As a control for sample loading, the level of β-actin 
in each sample was determined using mouse anti-β-actin 
(Beyotime).

Construction of short hairpin RNA (shRNA) expression plas-
mids. The target site (5'‑GCAGAGGTGACTGAGGTATCT‑3') 
was identified in the SPARC mRNA sequence (GenBank ID:  
NM_003118). The shRNA template oligonucleotides (5'-CAC  
CGCAGAGGTGACTGAGGTATCTTTCAAGAGAAG 
ATACCTCAGTCACCTCTGCTTTTTTG-3' and 5'-GATCC  
AAAAAAGCAGAGGTGACTGAGGTATCTTCTCTTCCT 
CACAGTCACCTCTGC-3') were synthesized and inserted 
into plasmid pGPU6 (GenePharma, China) with the poly-
merase III U6 promoter. Another sequence of shRNA with no 
homology to any other human gene was used as a negative 
control. After the ligation, the plasmid was transformed into 
E.  coli cells and plated on LB plates containing kanamycin 
and grew overnight at 37˚C. The recombinant plasmid was 
then confirmed by sequencing.

Cell transfection and G418 selection. Cells were plated onto a 
6-well plate and transfected with 4 µg of plasmid DNA using 
Lipofectamine™  2000 (Invitrogen, USA) until a confluence 
of 80% was achieved. The stably transfected cells were then 
selected by 200 µg/ml G418 (Amresco, Solon, OH, USA) and 
named U-87MG/SPARC shRNA or U-87MG/control shRNA. 

Cell growth curves. Cells were seeded in 60-mm tissue 
culture plates in triplicate at a density of 5x104 per plate. After 
incubation, cells were counted at the indicated time and the 
viability was determined by the trypan blue exclusion method. 
Cell numbers were plotted against the time points, giving rise 
to a cell growth curve.

Colony formation assay. Cells in the logarithmic growth 
phase were trypsinized and appropriate dilutions of cell 
cultures were replated in 6-well plates for colony formation 
assay. After 12-14 days of incubation, the cells were fixed with 
10% methanol and stained with Giemsa. Colonies of ≥50 cells 
were counted.

Cell cycle analysis. The cell cycle distribution was determined 
by flow cytometry (Beckman Coulter). Cells were harvested, 
washed and fixed overnight in 70% ice-cold ethanol. 
Subsequently, the cells were treated with propidium iodide (PI) 
and incubated for 30 min at 4˚C using flow cytometry.

Flow cytometry analysis of apoptosis. Cell apoptosis was 
analyzed by the PE  Annexin  V apoptosis detection kit 
(BD Pharmingen). Briefly, cells were harvested, resuspended, 
and stained with PE  Annexin  V and 7-amino-actinomycin 
(7‑AAD) for 15 min in the dark. Samples were subsequently 
analyzed by flow cytometry within 1 h.

Statistical analysis. Results were expressed as the mean ± stan-
dard deviation (SD). Statistical analysis was performed using 
Statistical Analysis System (SAS) software, version  8.1. 
One-way ANOVA was used for multiple-group comparisons. 
p<0.05 was considered to be statistically significant.

Results

Expression levels of SPARC in three human glioma cell 
lines. Firstly, to investigate the expression level of SPARC 
in different types of glioma cells, we selected the three most 
common studied human glioma cell lines (U-87MG, U-251 
and SHG44). Comparison of SPARC expression in the three 
glioma cell lines was performed by real-time RT-PCR and 
Western blotting. The results (Fig. 1) showed that the levels of 
SPARC mRNA and protein were highest in the U-87MG cells, 
followed by the U-251 and SHG44 cells, respectively (p<0.01). 
As a result, U-87MG cells were selected for transfection with 
the SPARC shRNA expression vector in the subsequent study.

Inhibitory effect on the expression of SPARC detected by 
real-time RT-PCR and Western blotting. In order to decrease 
SPARC expression in U-87MG, we constructed a RNA inter-
ference plasmid vector. After transfection and selection, we 
performed real-time RT-PCR and Western blotting analysis 

Figure 1. SPARC expression in U-87MG, U-251 and SHG44 cells. 
(A) Comparison of SPARCmRNA among the three cell lines by real-time 
RT-PCR. Data shown are the means  ±  SD, n=3. (B) Cell lysates were 
prepared and analyzed by Western blotting for both SPARC and β-actin 
expression in cells.

  A

  B
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to examine the expression of SPARC in U-87MG, U-87MG/
SPARC  shRNA and U-87MG/control  shRNA. The trans-
fection of SPARC  shRNA vector led to a marked decrease 
of SPARC expression in U-87MG (p<0.01). In contrast, no 
difference was found in the expression of SPARC  mRNA 
and protein between U-87MG and U-87MG/control  shRNA 
(Fig. 2). Results indicated that SPARC expression was down-
regulated effectively and stably by RNA interference.

Knockdown of SPARC expression promoted cell growth 
in U-87MG. The growth of these cells was assayed by cell 
growth curves and colony formation. As shown in Fig.  3A, 
U-87MG and U-87MG/control  shRNA cells grew in a 
time-dependent manner and the cell number increased to 
6.34±0.10x105 and 6.13±0.06x105 cells/plate on day  7. As 
for U-87MG/SPARC  shRNA cells, the growth rate became 
significantly increased from day 1 to 6; and the cell number 
reached 1.12±0.04x106 cells/plate on day 7, nearly twice that 
of control cells. The colony formation assay was used as an 
alternative method of evaluate the effect of SPARC  shRNA 
on cell growth. Results indicated that compared with control 
cells, the colony forming ability was increased in U-87MG/
SPARC shRNA (p<0.05; Fig. 3B).

The effect of decreased SPARC expression on cell cycle distri-
bution and cell apoptosis of U-87MG. To detect the biological 
function of SPARC in cell cycle distribution and cell apoptosis, 
flow cytometric analysis was performed. As shown in Fig. 4, 
at 12 h after synchronized culture, 41.09±2.19% of U-87MG/
SPARC  shRNA cells were in the S  phase compared with 
only 27.47±1.41% in U-87MG and 30.44±6.00% in U-87MG/  
control shRNA(p<0.05). However, no difference was observed 
in the apoptotic rate among the three types of cells (Fig. 5). 
Knockdown of SPARC expression appeared have little effect 
on the induction of cell apoptosis.

Knockdown of SPARC expression led to the inhibition of 
p‑c‑Raf  (Ser259) and accumulation of p-GSK‑3β  (Ser9) 
and p‑AKT  (Ser473) in U-87MG. It is known that there 
are numerous mediators of signal transduction pathways 
involving cell growth and proliferation. In the present study, 
changes of certain signal molecules were assessed to high-
light the related signal pathways responsible for cell growth 
promotion by SPARC shRNA. The results showed that phos-
phorylated c‑Raf  (Ser259) protein was reduced in U-87MG/
SPARC  shRNA compared with the U-87MG and U-87MG/
control  shRNA cells. Moreover, downregulation of SPARC 
increased the phosphorylation of GSK-3β (Ser9). In contrast 
to the control cells, the phosphorylation of AKT (Ser473) was 
more evident in the U-87MG/SPARC shRNA cells (Fig. 6).

Discussion

Malignant glioma is a disease that presents with a relatively 
high recurrence rate and mortality. Despite the recent develop-
ment of various therapeutic strategies, the prognosis for this 
cancer remains poor. Findings of various studies have shown 
that novel gene therapy is crucial for improving the survival 
rate of glioma patients. One characteristic feature of glioma is 
the marked ability of tumor cells to invade. A growing body 
of evidence has shown an important role of SPARC in glioma 
invasion (6-10). These studies focus on the importance of 
SPARC as an anti-migration target and may offer therapeutic 
potential against glioma. However, the role of SPARC in tumor 
growth has yet to be determined.

In this study, we downregulated the expression of SPARC 
by RNA interference. RNA interference is a potent technique 
of gene silencing that can specifically inhibit transcription of 
a target gene, to downregulate the level of the relevant protein 
(15,16). Our study demonstrated that shRNA targeting of 
SPARC led to the efficient inhibition of SPARC mRNA and 

Figure 2. The effect of RNA interference on SPARC expression in cultured 
U-87MG cells. (A) Comparison of SPARCmRNA among three types of 
cells by real-time RT-PCR. Data shown are the means ± SD, n=3. *Statistical 
significance compared to U-87MG and U-87MG/control shRNA, p<0.01. 
(B) Cell lysates were prepared and analyzed by Western blotting for both 
SPARC and β-actin expression.

  A

  B

Figure 3. Knockdown of SPARC expression promoted cell growth in 
U-87MG. (A) Growth curves of U-87MG, U-87MG/control shRNA and 
U-87MG/SPARC shRNA. (B) Comparison of the colony-forming abilities. 
Data shown are the means ± SD, n=3. *Statistical significance compared to 
U-87MG and U-87MG/control shRNA, p<0.05.

  A

  B
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protein expression of U-87MG cells. As assessed by growth 
curves, we found that the down-regulation of SPARC expres-
sion promoted cell growth during the log phase. Moreover, the 

number of cells transfected with SPARC shRNA in the plateau 
phase was larger than that of the control cells. Investigators 
have demonstrated that increased SPARC expression in glioma 

  A

  B

Figure 4. Effect of decreased SPARC expression on cell cycle distribution. (A) Flow cytometry of cell cycle progression. Asynchronous cultures were fixed 
by ethanol, stained with PI and then analyzed for DNA content by flow cytometry. (B) The histograms of G1, S and G2 phase cells. Data shown are the 
means ± SD, n=3. *Statistical significance, p<0.05. 

  A

  B

Figure 5. Effect of decreased SPARC expression on cell apoptosis. (A) Representative plots; (B) histograms displayed the average percentages of apoptotic 
cells and standard deviation, n=3. *Statistical significance, p<0.05. 
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cells may delay cell growth (17), which was consistent with 
our results to some extent. In addition to growth curves, the 
colony forming efficiency was increased by SPARC shRNA. 
Thus, whether or not was upregulated or downregulated 
SPARC affected cell growth. The present study also analyzed 
whether the effect of SPARC on cell growth was associated 
with the changes of cell cycle distribution and cell apoptosis. 
Downregulation of SPARC expression promoted the cell cycle 
progression from G1 to S  phase, which induced more cells 
actively synthesized DNA in the S phase and accelerated cell 
cycle progression, whereas control cells were blocked in the 
G1 phase. This process may contribute to the mechanism of 
growth promotion by SPARC shRNA. However, cell apoptosis 
was not affected by SPARC shRNA.

Furthermore, a molecular analysis of different signal 
mediators showed that the level of phosphor-c-Raf  (Ser259) 
was decreased by SPARC shRNA, whereas p-GSK-3β (Ser9) 
and p-AKT  (Ser473) were increased. As a key downstream 
effector of RAS signaling pathway, the kinase activity of Raf 
is regulated by phosphorylation of a highly conserved serine 
residue (Ser259) in the amino-terminal regulatory domain (18). 
Phosphorylation of Ser259 resulted in Raf inactivation  (19). 
Thus, the decrease of phosphor-c-Raf  (Ser259) induced by 
SPARC shRNA means the activation of c-Raf relatively, which 
may be one of the mechanisms responsible for growth promo-
tion since c-Raf stimulates cell growth, proliferation and 
survival through activation of downstream effectors including 
MEK and ERK (20-22). Antisense oligonucleotides targeted 
against c-raf kinase resulted in potent anti-proliferative and 
antitumor effects (23). GSK-3β is a ubiquitously expressed 
protein serine/threonine kinase. As a core component of 
certain pathways involved in a number of cancers, such as the 
Wnt and Hedgehog pathways, GSK-3β plays a role in multiple 

cell processes including cell growth, differentiation, cell 
survival, and proliferation (24-26). Decreased GSK-3β expres-
sion may promote mammary tumorigenesis and increase the 
number of cells in the S phase (27,28). Our results showed that 
the increased phosphorylation of GSK-3β at Ser9 in U-87MG/
SPARC shRNA, which in turn inactivates GSK-3β enzymatic 
activity (29), may be another signal molecule associated with 
growth promotion. Akt, a downstream effector of PI-3K, is 
a serine/threonine kinase that belongs to the AGC family of 
kinases (30). PI3-K/AKT is a survival pathway. The role of 
AKT in tumor cell proliferation was shown by its signaling to 
cyclin D-dependent kinases, which are the central regulators 
of cell proliferation (31). Therefore, we speculated that the 
changes of cell growth and cycle distribution mentioned above 
were partially ascribed to the increased phosphorylation of 
AKT in U-87MG/ SPARC shRNA.

In conclusion, knockdown of SPARC in U-87MG promoted 
cell growth, which may be associated with promoting the cell 
cycle progression from the G1 to S phase. Multiple molecular 
mechanisms may be responsible for this promotion effect on 
cell growth and cycle progression, involving the inhibition of 
p-c-Raf  (Ser259) and accumulation of p-GSK-3β  (Ser9) and 
p-AKT (Ser473) in U-87MG. Although the precise signaling 
pathways leading to growth promotion should be further 
investigated, our present study may provide help in under-
standing the role of SPARC in glioma.
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