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Abstract: Specificity protein 1 (Sp1) is aberrantly expressed and involved in the development and metastasis of 
glioblastoma. In this study, we observed that the expression of Sp1 was upregulated while that of microRNA (miR)-
130a-3p was downregulated in glioblastoma cell lines. Sp1 was validated as a target of miR-130a-3p; increased 
levels of miR-130a-3p inhibited the proliferation, migration, and temozolomide (TMZ) resistance of the glioblastoma 
cells. However, Sp1 overexpression compromised the inhibitory effects of miR-130a-3p. Our study elucidates the 
functional interaction between miR-130a-3p and Sp1 in the development and progression of glioblastoma, suggest-
ing a potential therapeutic target for the disease.

Keywords: Specificity protein 1, glioblastoma, miR-130a-3p, TMZ resistance, proliferation

Introduction

Glioblastoma (GBM) is the most malignant form 
of gliomas, with one of the highest mortality 
rates among cancers [1]. Owing to the infiltra-
tive growth, angiogenesis, and apoptosis eva-
sion, the 5-year survival rate of GBM patients is 
about 5% [2, 3]. Although major advancements 
have been made in surgery, chemoradiothera-
py, gene therapy, and immunotherapy of GBM, 
poor prognosis and acquired resistance to che-
motherapeutic agents result in treatment fail-
ure [4-6]. Thus, it is important to investigate the 
pathogenesis of GBM, identifying the potential 
targets that play key roles in the development 
and acquisition of drug resistance in GBM, in 
order to develop novel therapeutic strategies 
and to improve the outcome for the patients 
with this fatal disease.

The specificity protein 1 (Sp1), which belongs to 
the Sp/Kruppel-like factor (KLF) family of tran-
scription factors, binds to the GC-rich promoter 
element through three Cys2His2-type zinc-fin-
gers [7]. It is ubiquitously expressed in many 
tissues and involved in several pathophysiolog-
ical processes, such as cell cycle progression, 
angiogenesis, and cell migration by modulating 

the expression of its target genes [8, 9], there- 
by affecting tumor progression and metastasis 
[10, 11]. Sp1 was observed to be aberrantly ex- 
pressed in several human cancer types, includ-
ing gliomas [12-17]. The overexpression of Sp1 
promotes proliferation and invasion of glioma 
cells by upregulating multiple important oncop-
roteins, such as Matrix metalloproteinases-2 
(MMP-2) [17], midkine (MDK) [18], and ADAM 
metallopeptidase domain 17 (ADAM17) [19]. 
Moreover, the expression of Sp1 is reported to 
affect the outcome of glioma patients, suggest-
ing that Sp1 expression might be an indepen-
dent prognostic indicator of the glioma patient 
survival [17]. 

Recent studies have shown that post-transcrip-
tional regulation plays an important role in can-
cer progression [20, 21]. MicroRNAs (miRNAs) 
have emerged as important post-transcription-
al regulators that repress gene expression by 
binding at the 3’-UTR region of the target genes 
[22, 23]. Several miRNAs are involved in major 
GBM regulatory pathways, including prolifera-
tion, differentiation, apoptosis, migration, and 
invasion [24], and thus associated with patient 
survival and therapeutic treatment response. 
Using the online software program starBase 
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v2.0 and TargetScan, we noted that Sp1 might 
be a target of miR-130a-3p. Moreover, miR-
130a-3p has been identified as a prognostic 
biomarker for colorectal cancer [25], gastric 
cancer [26], and hepatocellular carcinoma [27]. 
Thus, we speculate that Sp1 promotes GBM 
progression by downregulating miR-130a-3p 
expression. In this study, we examined the roles 
of Sp1 and miR-130a-3p in regulating the prolif-
eration, invasion, and TMZ resistance of GBM, 
and investigated the interaction between Sp1 
and miR-130a-3p.

Materials and methods

Cell lines and animals

The human astrocyte cell line HA1800, and 
human glioblastoma cell lines A172, U251, and 
U87 were purchased from the Cell Resource 
Center of Shanghai Institute of Life Sciences 
and grown in Dulbecco’s modified Eagle’s medi-
um (DMEM, Gibco BRL Co. Ltd., USA) supple-
mented with 10% fetal bovine serum (FBS, 
Gibco BRL Co. Ltd., USA). BALB/c nude mice 
(male, 5-week-old, 16-20 g) were purchased 
from Shanghai Slack Laboratory Animal Co. Ltd. 
(animal license number: SCXK (Shanghai) 
2012-0002). All the experimental procedures 
were conducted in accordance with institution-
al guidelines for the care and use of laboratory 
animals of Zhejiang Chinese Medical University, 
Hangzhou, China.  

Plasmid construction and transduction

miRNA mimic, inhibitor, and their negative con-
trols were synthesized by Biomics Biotechno-
logies Co., Ltd, Nantong, China. The Sp1 expres-
sion plasmid was constructed by inserting Sp1 
cDNA (HG12024-ANG, Sino Biological Inc.) with 
N terminal GFPSpark tag into the pCMV3 vec-
tor. The Sp1 fragment containing the putative 
binding sites for miR-130a-3p was synthesized, 
annealed, and inserted between the Not I and 
Xba I restriction sites of the pmirGLO luciferase 
reporter vector (Promega, Madison, WI, USA) 
downstream of the luciferase gene, to generate 
the recombinant vectors Sp1-pmirGLO-wt and 
Sp1-pmirGLO-mut. For the Sp1-pmirGLO-mut 
con-struct, 7 mismatches were introduced into 
the Sp1 sequence. All the oligonucleotides and 
plasmids were transfected into cells using Li- 
pofectamine 2000 (Invitrogen, USA), following 
the manufacturer’s instructions.

RNA extraction and quantitative real-time PCR

Total RNA was extracted from the cultured cells 
using TRIzol reagent (Invitrogen, USA). The rela-
tive levels of Sp1 and miR-130a-3p were exam-
ined using SYBR green real-time quantitative 
reverse transcription-PCR (real-time PCR). The 
cDNA was synthesized by using HiFi-MMLV 
cDNA kit (BeijingComWin Biotech Co., Ltd., 
Beijing, China). The real-time PCR reactions 
were performed on a Step One plus Real-Time 
PCR system (Applied Biosystems, USA) using 
the UltraSYBR Mixture (Beijing ComWin Biotech 
Co., Ltd.). The primers for Sp1 were 5’-TGGT- 
GGGCAGTATGTTGT-3’ (forward) and 5’-GCTAT- 
TGGCATTGGTGAA-3’ (reverse); and for β-actin 
were 5’-GGCACCACACCTTCTACAAT-3’ (forward) 
and 5’-GTGGTGGTGAAGCTGTAGCC-3’ (reverse). 
The RT primer for miR-130a-3p was 5’-GTTG- 
GCTCTGGTGCAGGGTCCGAGGTATTCGCACC- 
AGAGCCAACATGCC-3’, and the PCR primers 
were 5’-GGCAGTGCAATGTTAAAAG-3’ (forward) 
and 5’-GTGCAGGGTCCGAGGT-3’ (reverse). The 
U6 primers were 5’-CTCGCTTCGGCAGCACA-3’ 
(forward) and 5’-AACGCTTCACGAATTTGCGT-3’ 
(reverse). The fold-change in expression for 
each gene was calculated using the 2-ΔΔCt 
method. 

Western blotting

Western blotting assay was performed as previ-
ously described [28]. The membranes were 
probed with rabbit polyclonal antibodies aga- 
inst human Sp1 (1:1000, Proteintech, USA) or 
mouse monoclonal β-actin antibody (1:2000, 
Huabio, China) at 4°C overnight, followed by 
incubation with horseradish peroxidase (HRP)-
conjugated IgG antibody (Huabio, China). The 
protein bands were detected by enhanced che-
miluminescence (Advansta, Menlo Park, CA, 
USA).

MTT assay

To determine the changes in cell proliferation 
rates, the cells were seeded at a density of 
2×103 cells/well in a 96-well plate and incubat-
ed for 24, 48, 72, and 96 h. MTT (5 mg/mL) 
was added to each well, followed by an incuba-
tion of 4 h. After the supernatants were 
removed, dimethyl sulfoxide (DMSO) was added 
to each well and the absorbance value was 
measured at 570 nm using a SpectraMaxM3 
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microplate reader (Molecular Devices, Sunny- 
vale, CA, USA). All the proliferation assays were 
repeated as independent experiments at least 
three times.

Colony formation assay

Cells (5×102) were independently plated onto 
96-well plates. After 10-14 days, visible colo-
nies were fixed with 4% paraformaldehyde and 
stained with 0.1% crystal violet in 20% metha-
nol for 15 min. The colonies were then counted 
under a microscope (Nikon Eclipse Ti-S, Japan). 

Transwell assay

Transwell inserts (diameter, 6.5 mm) with a 
pore size of 8 μM (Costar, Corning, NY, USA) 
were placed into the wells of 24-well culture 
plates. A total of 1×104 cells were transferred 
into the top chambers in serum-free DMEM 
while DMEM containing 20% FBS was added to 
the lower chambers. After 24 h of incubation, 
the non-migrated cells were removed with cot-
ton swabs, and the migrated cells were fixed 
with 4% paraformaldehyde, stained with Gie- 
msa, and observed under an ECLIPSE Ti-S mi- 
croscope (Nikon, Tokyo, Japan). The experi-
ments were independently repeated three 
times.

Cell cycle analysis

The cells were harvested, washed twice with 
PBS, and fixed with 70% ice cold ethanol over-
night at 4°C. The fixed cells were resuspended 
in PBS containing 25 mg/mL propidium iodide 
(NanJing KeyGenBiotech Co., Ltd. China) and 
10 mg/mL RNase, and incubated for 30 min in 
the dark before being analyzed by a Guava 
easyCyte 8 Flow Cytometer (EMD Millipore, 
USA).

Cell apoptosis analysis

Apoptosis was analyzed using the Annexin-V-
FITC/PI dual staining assay. The cells were 
seeded in 6-well culture plates at a density of 
1×105 cells/mL. After 24 h of incubation, the 
cells were washed twice with PBS and resus-
pended in 500 mL binding buffer, and subse-
quently stained with FITC-Annexin-V and PI 
(NanJing KeyGenBiotech Co., Ltd. China). The 
stained cells were quantified using a Guava 

easyCyte 8 Flow Cytometer (EMDMillipore, 
USA).

Luciferase activity assay

For luciferase reporter assay, the A172 cells 
were co-transfected with miRNA and Sp1-
pmirGLO-wt/Sp1-pmirGLO-mut using Lipofec- 
tamine 2000. The luciferase activity was ass- 
ayed 48 h after transfection using a Dual-Lu- 
ciferase Reporter Assay system (Beyotime 
Institute of Biotechnology, Haimen, China). The 
values were normalized to those obtained for 
miRNA negative control transfections. All the 
transfection experiments were performed in 
triplicates.

Nude mouse xenograft studies

Male BALB/c nude mice (n=6; 16-20 g each) 
were injected with 1×107 U251-mimic, U251-
inhibitor, U251-pCMV3-Sp1 + mimic, or U251 
cells into their dorsal flanks. The length and 
width of the tumor xenografts were measured 
every 3 days starting from the 10th day after 
inoculation. The tumor volume was calculated 
using the formula V=W2×L×0.5. When the 
tumors reached a size of 500 mm3, the mice 
were sacrificed, and the xenografts weighed 
and dissected.

Immunohistochemistry

The dissected tumors were fixed overnight in 
4% paraformaldehyde, embedded in paraffin, 
and then sectioned at a width of 5 mm per sec-
tion. The sections mounted on the glass slides 
were deparaffinized and rehydrated. Then the 
sections were incubated with antibodies ag- 
ainst the proliferation marker Ki-67 (Calbi- 
ochem, Cambridge, MA) and Sp1 (proteintech, 
USA), followed by incubation with the second-
ary antibodies. After the cell nuclei were stain- 
ed with hematoxylin, the images were captured 
using a microscope (XSP-C204, Chongqing 
Optical Instrument Co., Ltd.).

Statistical analysis

The data are represented as mean ± SD of trip-
licate experiments. The statistically significant 
values were compared by Student’s test for 
pairwise comparison and by ANOVA for multi-
variate analysis, and P<0.05 was considered to 
indicate statistically significant data.
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Results

Upregulation of Sp1 and downregulation of 
miR-130a-3p in GBM cell lines

We validated the expression levels of Sp1 in a 
normal human astrocyte cell line (HA1800) and 
3 GBM cell lines (U251, U87, and A172) by real-
time PCR and western blot analysis. As shown 
in Figure 1A and 1B, the expression of Sp1 was 
significantly higher in the 3 GBM cell lines as 
compared with that in the HA1800 cells (P< 

0.01). However, miR-130a-3p expression was 
downregulated in the three GBM cell lines as 
compared with that in HA1800 (Figure 1C, 
P<0.01).

MiR-130a-3p targets Sp1 to regulate its ex-
pression in GBM cells

To determine whether miR-130a-3p can sup-
press Sp1 expression, miR-130a-3p mimic or 
inhibitor and the negative controls (NC) were 
transfected into the three GBM cell lines. As 
shown in Figure 2A, in all the three GBM cell 
lines transfected with miR-130a-3p mimic and 
the inhibitor, the expression of Sp1 was signifi-
cantly downregulated and upregulated, respec-
tively, with protein expression being consistent 
with the mRNA status (Figure 2B). Additionally, 
the immunohistochemical (IHC) staining results 
(Figure 4D) showed that the tumor xenografts 
of the miR-130a-3p mimic group expressed 
less Sp1 than the tumors in the control group, 
whereas the inhibitor group expressed more 
Sp1 than the control group.

Using the predicted miR-130a-3p target 
sequence in the 3’-UTR of Sp1 (Figure 2C), we 
constructed luciferase reporter vectors Sp1-
pmirGLO-wt and Sp1-pmirGLO-mut. The subse-
quent luciferase reporter assay demonstrated 
that miR-130a-3p mimic decreased the activity 
of Sp1-pmirGLO-wt but not of Sp1-pmirGLO-mut 
in the A172 cells (Figure 2D). However, no obvi-
ous effect on the reporter activity was observed 
in the miR-130a-3p mimic NC groups. These 
results revealed that Sp1 is a target of miR-
130a-3p, with miR-130a-3p regulating the 
mRNA and protein expression of Sp1 in the 
GBM cells. 

MiR-130a-3p affects GBM cell proliferation in 
vitro and in vivo

We first evaluated the effect of miR-130a-3p on 
cellular proliferation using MTT assay and colo-
ny formation assays in the A172 and U251 
cells. MTT assay showed that miR-130a-3p 
mimic- and inhibitor-transfected A172 cells 
exhibited significantly lower and higher growth 
rates than the control cells at 72 h after plating, 
respectively. The miR-130a-3p mimic-trans-
fected U251 cells exhibited lower growth rate 
than the control cells 48 h after plating, where-
as the miR-130a-3p inhibitor-transfected U251 
cells exhibited higher growth rates both at 48 h 

Figure 1. Comparison of the levels of Sp1 and miR-
130a-3p in a normal human astrocyte cell line 
(HA1800) and 3 GBM cell lines (U251, U87, and 
A172). A. Real-time PCR analysis of Sp1 expression 
in cell lines. β-actin was used as a loading control. B. 
Western blot analysis of Sp1 expression in cell lines. 
C. Real-time PCR analysis of miR-130a-3p expres-
sion in cell lines. U6 was used as the loading control. 
*P<0.05, **P<0.01.  
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and 72 h after plating (Figure 3A, *P<0.05, 
**P<0.01). The colony formation assay consis-
tently showed that enforced expression of miR-
130a-3p dramatically reduced the number of 
colonies in the two GBM cell lines after 14 days 
of culture as compared to that in the controls. 
In contrast, the number of colonies of miR-
130a-3p inhibitor-transfected cells was signifi-
cantly higher than that in the control cells 
(Figure 3B). Furthermore, we observed that 
miR-130a-3p mimic-transfected GBM cells had 
increased frequency of G0/G1 phase cells and 
decreased frequency of S and G2/M phase 
cells. Conversely, miR-130a-3p inhibitor-trans-
fected GBM cells had reduced frequency of G0/
G1 phase cells and increased frequency of S 
and G2/M phase cells (Figure 3C).

To confirm the effect of miR-130a-3p on tumor 
behavior in vivo, we subcutaneously implanted 
miR-130a-3p mimic or inhibitor-transduced 
U251 cells, respectively, into the flanks of BA- 
LB/c nude mice and monitored the tumor 

growth (Figure 4A). The growth curve of tumor 
xenografts and the histogram of tumor weight 
showed that high miR-130a-3p levels signifi-
cantly slowed down the tumor growth, whereas 
low miR-130a-3p levels promoted tumor growth 
in vivo (Figure 4B and 4C). The IHC staining 
results showed that miR-130a-3p mimic-trans-
fected cells in the GBM tumor xenografts dis-
played lower Ki67 expression while miR-130a-
3p inhibitor-transfected cells displayed higher 
Ki67 expression, as compared with the control 
cells (Figure 4D). These findings indicated that 
the exogenous miR-130a-3p was able to inhibit 
GBM growth in vitro and in vivo.

MiR-130a-3p affects migration and TMZ resis-
tance of glioblastoma cells

Next, we evaluated the effect of miR-130a-3p 
on the migration of GBM cells. The transwell 
assay showed that the migration of miR-130a-
3p mimic-transfected GBM cells was markedly 
slower than that of the control cells, and the 

Figure 2. Sp1 is a direct target of miR-130a-3p in GBM cells. A, B. Effect of miR-130a-3p mimic and inhibitor on the 
mRNA and protein levels of Sp1. GBM cells were transfected with miR-130a-3p mimic, inhibitor, or NC, and real-
time PCR and western blot analysis were then performed. C. Predicted miR-130a-3p target sequence in the 3’-UTR 
of Sp1 (Sp1-wt) and mutant containing seven altered nucleotides in the 3’-UTR of Sp1 (Sp1-mutant). D. Luciferase 
reporter assay was employed to detect the binding between miR-130a-3p and 3’-UTR of Sp1 in GBM cells. Co-
transfection of mimic and Sp1-wt decreased the luciferase activity, while co-transfection of mimic and Sp1-mutant 
did not change the luciferase activity. Co-transfection of mimic NC with Sp1-wt or Sp1-mutant did not change the 
luciferase activity. mut: mutant; *P<0.05, **P<0.01.
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Figure 3. The effect of miR-130a-3p on the proliferation of glioblastoma cells. A. MTT assay was performed on A172 or U251 cells transfected with miR-130a-3p 
mimic or inhibitor. *P<0.05, **P<0.01 mimic group compared with control group; #P<0.05, ##P<0.01 inhibitor group compared with control group. B. Colony for-
mation assay was performed in A172 and U251 cells after miR-130a-3p mimic or inhibitor transduction. The experiments were performed three times in triplicates, 
and the average scores are indicated with error bars on the histogram. C. The cell cycle distribution of A172 and U251 cells transfected with mimic or inhibitor was 
analyzed by flow cytometry.
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Figure 4. The establishment of xenograft tumor model and IHC analysis of Ki67 and Sp1 expression in xenograft tumor tissues. (A-C) Tumor images (A), tumor 
volume, and tumor weight from mice. (D) IHC analysis of Ki67 and Sp1 expression in glioblastoma tumor xenografts. The intensities of Ki67-positive cells and Sp1-
positive cells were calculated with Image J software (×400). *P<0.05, **P<0.01 mimic group compared with control group; #P<0.05, ##P<0.01 inhibitor group 
compared with control group. &P<0.05, &&P<0.01 mimic group compared with pCMV-Sp1 + mimic group.
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migration of miR-130a-3p inhibitor-transfected 
cells was much faster than that of the control 
cells (Figure 5A and 5B). Since temozolomide 
(TMZ) is one of the most commonly used drugs 
for the clinical treatment of GBM, we asked 
whether miR-130a-3p expression was associ-
ated with the TMZ resistance of the GBM cells. 
The control, miR-130a-3p mimic-, and inhibitor-
transfected A172 or U251 cells were treated 
with TMZ (5-30 µg/mL). After 48 h, MTT assay 
was performed to examine the cell prolifera-
tion. As shown in Figure 6A, miR-130a-3p 
mimic significantly suppressed the proliferation 
of TMZ-treated A172 or U251 cells as compared 
with that in the control group. However, trans-
fection with miR-130a-3p inhibitor caused an 
increase in the proliferation of A172 or U251 
cells, as compared with that in the control 
group. These data indicate that miR-130a-3p 
treatment increased the TMZ-induced inhibi-
tion of GBM cell proliferation. It was further 
observed that miR-130a-3p mimic treatment 
also led to a significant increase in the apopto-
sis of TMZ-treated A172 or U251 cells, whereas 
miR-130a-3p inhibitor treatment reduced the 
apoptosis of TMZ-treated A172 or U251 cells, 
as compared to that in the control group (Figure 
6B and 6C), indicating that miR-130a-3p treat-
ment also promoted the TMZ-induced apopto-
sis of GBM cells. 

Sp1 overexpression abrogates anti-prolifera-
tion and anti-migration effects of miR-130a-3p 
in glioblastoma cells

To assess the role of functional interactions 
between miR-130a-3p and Sp1 in cell prolifera-

tion and migration of the GBM cells, the miR-
130a-3p mimic and pCMV3-Sp1 were co-trans-
fected into the GBM cells. After 72 h of incuba-
tion, the cell proliferation was evaluated by MTT 
assay. The data showed elevated cell viability in 
miR-130a-3p mimic + pCMV3-Sp1-transfected 
cells as compared to that in the miR-130a-3p 
mimic + pCMV empty vector-transfected cells 
(Figure 7A). As shown in Figure 4D, the mean 
volume and weight of the tumors in the pCMV-
Sp1 + mimic group was significantly higher than 
that in the mimic group, indicating that Sp1 
overexpression abrogates the anti-proliferation 
effects of miR-130a-3p. Furthermore, the inhi-
bition of cell migration by miR-130a-3p mimic 
treatment was also abrogated by Sp1 overex-
pression (Figure 7B).

Sp1 overexpression reduces the increased 
TMZ-sensitivity induced by miR-130a-3p mimic 
in glioblastoma cells

We next evaluated the effect of Sp1 overex-
pression on TMZ-sensitivity in the GBM cells in 
the presence of miR-130a-3p mimic. The MTT 
assay results showed that the increased TMZ-
sensitivity induced by miR-130a-3p mimic 
treatment was reduced after Sp1 overexpres-
sion (Figure 8A). We then examined whether 
the overexpression of Sp1 could reduce the 
apoptosis of TMZ-treated cells induced by miR-
130a-3p mimic treatment. As shown in Figure 
8B and 8C, the cell apoptosis rate of miR-130a-
3p mimic-transfected cells plus TMZ treatment 
was reduced by Sp1 overexpression as com-
pared to that in the miR-130a-3p mimic-trans-
fected cells. 

Figure 5. The effect of miR-130a-3p on the migration of A172 (A) and U251 (B) cells. The cells were transfected with 
the miR-130a-3p mimic and inhibitor. The number of migrating cells was determined using transwell assay (without 
Matrigel) (magnification, ×200). **P<0.01.
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Figure 6. The effect of miR-130a-3p on the TMZ resistance of glioblastoma cells. A. MTT assay was performed on miR-130a-3p mimic and inhibitor-transfected A172 
or U251 cells after treatment with TMZ (5-30 µg/ml) for 48 h. B. Annexin-V-FITC/PI dual staining assay was performed to evaluate the ratio of apoptotic cells in miR-
130a-3p mimic and inhibitor-transfected A172 or U251 cells after treatment with TMZ. C. The histogram representing the number of apoptotic cells in miR-130a-3p 
mimic and inhibitor-transfected cells after treatment with TMZ. *P<0.05, **P<0.01.
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Discussion

In recent years, miR-130a-3p, a member of the 
miR-130 family and a key regulator of tumor 
progression and metastasis, has been gaining 
attention. Interestingly, some reports have 
shown that the miRNAs of the miR-130 family 
miRNAs are upregulated and promote the cell 
proliferation in several types of cancers [26, 
29-31], while other studies concluded that miR-
130 family members are downregulated and 
inhibit cell proliferation [27, 32-34], indicating 
the complexity of miR-130 function during tu- 
morigenesis. In this study, we found miR-130a-
3p to be significantly downregulated in A172, 
U251, and U87 GBM cell lines. The enforced 
expression of miR-130a-3p using miRNA mim-
ics reduced the glioblastoma cell proliferation. 
Conversely, the knockdown of miR-130a-3p 
expression using miRNA inhibitors promoted 

the GBM cell proliferation. Moreover, the func-
tion of miR-130a-3p in cell proliferation in vivo 
was consistent with the in vitro status. The miR-
130a-3p mimic significantly slowed the tumor 
growth and the miR-130a-3p inhibitor acceler-
ated the tumor growth in a nude mouse xeno-
graft tumor model. We also demonstrated that 
the miR-130a-3p mimic inhibited cell migration 
while the miR-130a-3p inhibitor increased the 
migration of glioblastoma cells in vitro. 

The current standard therapy for GBM includes 
surgery, radiotherapy, and chemotherapy with 
the alkylating agent TMZ [35], with TMZ resis-
tance often leading to GBM recurrence and 
poor outcomes [36, 37]. Therefore, we evalu-
ated the effect of miR-130a-3p on TMZ resis-
tance in the GBM cells. We found that miR-
130a-3p mimic greatly increased the sensitivi-
ty of the GBM cells to TMZ, while the sensitivity 

Figure 7. Sp1 overexpression abrogates the anti-proliferation and anti-migration effects of miR-130a-3p in glioblas-
toma cells. A. The MTT assay with miR-130a-3p mimic-transduced glioblastoma cells by introducing pCMV3-Sp1 or 
empty vector pCMV3. B. The transwell assay with miR-130a-3p mimic-transduced glioblastoma cells by introducing 
pCMV3-Sp1 or empty vector CMV3 (magnification, ×200). Data are presented as mean ± SD. *P<0.05, **P<0.01 
mimic group as compared with the control group, #P<0.05, ##P<0.01 mimic group as compared with the mimic + 
pCMV3-Sp1 group.
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was decreased in the cells transfected with 
miR-130a-3p inhibitor, indicating that miR-
130a-3p might be an important modulator of 
TMZ resistance in the GBM cells.

The elevated expression of Sp1 and its partici-
pation in cell proliferation, invasion, and che-
moresistance has been demonstrated in glio-
mas [38-41]. Using bioinformatics analysis, we 
predicted that Sp1 was one of the targets of 
miR-130a-3p. This observation was supported 
by the reciprocal repression of miR-130a-3p 
and Sp1 in GBM cells. The addition of miR-
130a-3p mimic inhibited the expression of Sp1 
whereas miR-130a-3p inhibitor enhanced the 
Sp1 expression. Moreover, the luciferase activ-
ity assay confirmed that Sp1 is a direct and 
functional target of miR-130a-3p. The function-
al interaction between miR-130a-3p and Sp1 
during the GBM cell proliferation, metastasis, 
and chemoresistance was further demonstrat-
ed by analyzing the cell viability, cell migration, 
and TMZ sensitivity in miR-130a-3p mimic and 
pCMV3-Sp1 co-transfected GBM cells, which 
showed the recovery effects of Sp1 on miR-
130a-3p-induced cell events. We propose that 
elevated Sp1, induced by decreased miR-130a-
3p, may promote cell proliferation, migration, 
and TMZ resistance, and consequently facili-
tate the development and progression of GBM.

In conclusion, miR-130a-3p was found to 
reduce cell proliferation, migration, and TMZ 
resistance. The downregulation of miR-130a-
3p in GBM induced the upregulation of its tar-
get gene Sp1, thereby promoting the malignant 
behavior and TMZ resistance of the GBM cells. 
The elucidation of the functional interactions 
between miR-130a-3p and Sp1 in the develop-
ment and progression of GBM may provide a 
therapeutic target for the treatment of GBM. 
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