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Abstract. Small interfering RNAs (siRNAs) are small 
non‑coding RNAs, comprising 21-23 nucleotides that regu-
late gene expression by transcriptionally repressing their 
complementary mRNAs. In particular, Krüppel-like factor 8 
(KLF8) has been postulated to function as a tumor activator 
in various cancer cells, but not in glioblastoma. In the present 
study, we investigated the anti-tumorigenic effect of KLF8 
siRNA in glioblastoma cells. U251 human glioblastoma cells 
were transfected with KLF8 siRNA and assayed for in vitro 
proliferation, cell cycle and cell apoptosis. The transfection 
of KLF8 siRNA reduced expression of KLF8 in the glioblas-
toma cells. KLF8 siRNA also reduced in vitro proliferation 
and enhanced cell apoptosis. These results indicate that KLF8 
siRNA has an anti-tumorigenic effect on glioblastoma cells 
and suggest the possible use of KLF8 siRNA for the treatment 
of glioblastoma.

Introduction

Glioblastomas, which are primary brain tumors that arise 
from glial cells, are the most common primary malignant 
brain tumors found in adults, and remain formidable despite 
aggressive surgery, radiotherapy and chemotherapy  (1,2). 
Glioblastomas represent 30-60% of central nervous system 
(CNS) primary tumors, with an incidence of 2-3 new cases per 
100,000 individuals annually  (3,4). Small interfering RNAs 
(siRNAs) are small, noncoding RNAs, with 21-23 nucleotides, 
which regulate gene expression by repressing transcription 
or degrading target mRNA (5). In cancer cells, siRNAs can 
function as tumor suppressors or oncogenes and, thus, can 
regulate tumor development and prognosis.

The Krüppel-like factor (KLF) family of transcription 
factors, which share homology in their three C2-H2 zinc finger 

DNA binding domains, control diverse processes, including 
regulation of the cell cycle, proliferation, differentiation, apop-
tosis, development and tumorigenesis (6-8). KLF8 is a member 
of the KLF family. Like other members of the KLFs, KLF8 
shares the well-conserved DNA-binding zinc finger domains 
on its C-terminus. The N-terminal portion of KLF8 is thought 
to determine its functional specificity through the recruitment 
of other proteins (9). The expression and cellular function of 
KLF8 is positively regulated by cell signaling molecules, such 
as Src and PI3K downstream of focal adhesion kinase (FAK) 
and transcriptional activators including Sp1 and KLF1, and is 
negatively regulated by transcriptional repression by KLF and 
post-translational sumoylation  (10-13). Overexpressed KLF8 
has recently been found in certain human malignant tumors 
and plays a significant role in oncogenic transformation (8,14). 
However, whether, and how, KLF8 may play a role in glio-
blastoma tumorigenesis, invasion and progression is remains 
unknown. 

In the present study, we firstly investigated the expression of 
KLF8 in glioblastoma cell lines by reverse transcription poly-
merase chain reaction (RT-PCR). Subsequently, we constructed 
siRNA sequences targeting KLF8, transfected it into the 
human glioblastoma cell line, U251, and explored changes in 
cell growth, cycle and apoptosis. 

Materials and methods

Cell culture. U251, U373, U87 and A172 human glioblas-
toma cells were obtained from the American Type Culture 
Collection (Manassas, VA, USA), and cultured in Dulbecco's 
modified Eagle's medium (DMEM), supplemented with 10% 
fetal bovine serum (FBS), 2 mmol/l L-glutamine, 2  mmol/l 
sodium pyruvate, 100  units/ml penicillin, 100  µg/ml strep-
tomycin and 0.25  µg/ml amphotericin B (all obtained from 
Invitrogen; Carlsbad, CA, USA).

Construction and transfection of KLF8 siRNA. KLF8 
(NM_007250) siRNA or negative control siRNA were inserted 
into a pGCSIL-green fluorescent protein (GFP) vector 
(Shanghai Gene Chem). The siRNA plasmids were transfected 
into 293T cells, together with the lentiviral helper plasmids, 
pHelper1.0 and pHelper2.0, to generate the respective 
lentiviruses. Viral stocks were created and used to infect U251 
cells. Cells were collected for mRNA level detection, 72  h 
following infection. The KLF8 siRNA sequence was 
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5'-CAGCACTGTTTAATGACAT-3' and the nonsilencing 
siRNA sequence was 5'-TTCTCCGAACGTGTCACGT-3'.

RT-PCR and real-time PCR. Total RNA was extracted using 
TRIzol reagent (Invitrogen) and reverse transcribed using 
M-MLV-RTase (Promega; Madison, WI, USA), according to 
the manufacturer's instructions. The resulting complementary 
DNA (cDNA) was used for real-time PCR using the SYBR-
Green Master PCR Mix (Applied Biosystems; Carlsbad, CA, 
USA) in triplicates. Primers for real-time RT-PCR were as 
follows: KLF8 sense, 5'-TTCAGAAGGTGGCTCAATGC-3'; 
KLF8 antisense, 5'-GGAGTGTTGGAGAAGTCATATTAC-3'. 
PCR and data collection were performed on the TP800 qPCR 
System (Takara; Japan). All quantifications were normalized 
to an endogenous glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) control. GAPDH sense, 5'-TGACTTCAACAGCG 
ACACCCA-3'; GAPDH antisense, 5'-GGAGTGTTGGAGAA 
GTCATATTAC-3'. The relative quantitation value for each target 
gene compared to the calibrator for that target is expressed as 
2-(Ct-Cc) (Ct and Cc are the mean threshold cycle differences 
following normalization to GAPDH). 

Cell proliferation assay. Cells infected with KLF8 siRNA 
or control siRNA for 72 h, respectively, were grown in 
the exponential phase and detached by trypsin treatment. 
Viable cells (2x104 cells/ml) were plated onto 96-well plates 
(100 µl medium/well) and cultured at 37˚C in 5% CO2 atmo-
sphere. Images of 1,000 cells for each treatment were analyzed 
to obtain the average cell number per field, fluorescence spot 
number, area and intensity per cell every day at fixed time 
points using Cellomics instrumentation and software (Thermo 
Scientific). 

BrdU incorporation assay. Cells infected with KLF8 siRNA 
or the control were cultured in a 96-well plate with 2,000 cells 
per well. A 5-bromodeoxyuridine (BrdU) incorporation 
assay was performed using the BrdU cell proliferation assay 
kit (Chemicon, Temecula, CA, USA). Briefly, 20 µl of 1/500 
diluted BrdU was added and incubated for 8 h. Following this, 
100 µl of 1/200 diluted anti-BrdU and peroxidase-conjugated 
goat anti-mouse IgG antibodies were used successively, 
according to the manufacturer's instruction. The plate was 
washed and 100 µl TMB Peroxidase Substrate added. Plates 
were read at 490 nm.

Cell cycle analysis. For cell cycle analysis, cells infected with 
KLF8 siRNA or control siRNA for 72 h were inoculated onto 
6-well plates. Following 3 days of incubation, 5x105 cells were 
harvested, fixed in 70% ethanol and treated with 100 µg/ml 
RNase A and 50 µg/ml propidium iodide (PI) in phosphate-
buffered saline (PBS) for 15 min at room temperature in the 
dark, followed by flow cytometry analysis using FACScalibur 
flow cytometer (BD Pharmingen, San Diego, CA, USA).

Cell apoptosis assay. To detect apoptotic cells, the cells 
infected with KLF8 siRNA or control siRNA for 72  h 
were inoculated into 6-well plates. Following 3 days of 
incubation, cells were harvested and stained with Annexin 
V-allophycocyanin (APC), using an apoptosis detection kit 
(eBioscience), according to the manufacturer's instructions. 

Samples were then analyzed by FACScalibur flow cytometer 
(BD Pharmingen).

Statistical analysis. All experiments were repeated three 
times with triplicate samples. Student's t-test was used to 
compare the values of the test and control samples. A value of 
P<0.05 was considered to be statistically significant. 

Results

KLF8 siRNA down-regulates the expression of KLF8 in human 
glioblastoma cell line U251. KLF8 mRNA expression in U87, 
U251, A172 and U373 cells was analyzed by semi‑quantitative 
real-time PCR and agarose gel electrophoresis. GAPDH 
served as the control. All four human glioblastoma cell lines 
expressed KLF8 mRNA (data not shown).

The recombinated lentiviruses, expressing siRNA or nega-
tive control siRNA, were infected into human glioblastoma 
cell line U251 cells (Fig. 1A). At a multiplicity of infection 
(m.o.i.) of 10, the infection efficiency was over 80%, as deter-
mined by FACS analysis for GFP expression. To determine the 
effect of RNA interference (RNAi) on the expression of KLF8 
in U251 cells, the mRNA levels of KLF8 were analyzed. The 
cells infected with KLF8 siRNA exhibited lower expression 
of KLF8 mRNA than those with negative control siRNA 
(Fig. 1B).

KLF8 siRNA reduces the proliferation of human glioblas-
toma cells. We then investigated the effect of KLF8 siRNA 

Figure 1. RNAi led to the down-regulation of KLF8 in the glioblastoma cell 
line, U251. Control siRNA and KLF8 siRNA lentivirus were infected into 
U251 cells. Micrographs were taken 72 h following infection (magnifica-
tion,  x200). (B) The mRNA level of KLF8 was down-regulated by KLF8 
siRNA in U251 cells (*P<0.05). siRNA, small interfering RNA; KLF8, 
Krüppel‑like factor 8; RNAi, RNA interference.
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on glioblastoma cell proliferation. As shown in Fig. 2A, the 
growth pattern observed changed visibly among transfec-
tants from the second to the fifth day in U251 cells. Cells 
treated with KLF8 siRNA exhibited lower growth rates 
compared with the negative control siRNA. The results 
revealed that the knock-down of KLF8 by siRNA in glio-
blastoma cells did have an inhibitory effect on cell growth 
and proliferation. Moreover, BrdU incorporation assay also 
revealed that the inhibition of KLF8 expression significantly 
reduced the growth rate of U251 cells during the 4-day incu-
bation period (P<0.05 compared with the control, Fig. 2B). 
These findings sustain the notion that the knock-down of 
KLF8 greatly diminishes the cell proliferative ability of 
U251 cells.

KLF8 siRNA affects the cell cycle and enhanced the apop-
tosis of human glioblastoma cells. We performed a cell cycle 
assay to detect whether KLF8 siRNA affected U251 cell 
cycle by FACScalibur flow cytometer 72 h following infec-
tion. The results revealed that there was notable change in 
cell cycle phase distributions between U251 cells treated with 
KLF8 siRNA and control siRNA (Fig. 3). It was suggested 
that KLF8 siRNA caused G2/M phase arrest and affected 
cell cycle progress. We then explored whether KLF8 siRNA 
affected U251 cell apoptosis. The results revealed that KLF8 
siRNA enhanced the rate of apoptosis (Fig. 4). These results 
suggest that KLF8 siRNA inhibited glioblastoma cell prolif-
eration through the enhancement of cell apoptosis.

Figure 2. The growth of glioblastoma U251 cells was inhibited upon KLF8 
siRNA treatment. (A) Cell number was counted using Cellomics Arrayscan 
following 1, 2, 3, 4 and 5 days of incubation, and the increased fold in cell 
number was calculated. (B) The BrdU incorporation of cells was examined 
following 1 and 4 days of incubation. Mean values are derived from three 
independent experiments, errors indicate standard deviation.*P<0.05. siRNA, 
small interfering RNA; KLF8, Krüppel‑like factor 8.

Figure 3. KLF8 siRNA affected the cell cycle of U251 cells. The cell cycle 
distribution profile indicates that, following KLF8 inhibition, U251 cells were 
arrested in the second gap (G2) phase of the cell cycle (upper panel). Statistical 
results of the population of cells in each cell cycle (lower panel). Mean values 
are derived from three independent experiments, errors indicate standard devi-
ation. *P<0.05. siRNA, small interfering RNA; KLF8, Krüppel‑like factor 8.

Figure 4. KLF8 siRNA affected the cell cycle of U251 cells. Histogram of 
cell apoptosis (upper panel). The cell apoptosis assay revealed increased 
apoptosis of cells when treated with KLF8 siRNA (lower panel). Mean 
values are derived from three independent experiments, errors indicate stan-
dard deviation. *P<0.05. siRNA, small interfering RNA; KLF8, Krüppel‑like 
factor 8.
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Discussion

In the present study, we investigated the effect of KLF8 
siRNA infection in glioblastoma cells by quantifying cellular 
proliferation and apoptosis. Our results suggest that KLF8 
siRNA has anti-tumorigenic effects on glioblastoma cells, 
which may be attributed to reduced cell proliferation and the 
enhanced cell apoptosis.

Aberrant overexpression of KLF8 has been found in 
numerous human cancer cell types, including ovarian and 
breast cancer, and plays a critical role in oncogenic transfor-
mation, epithelial to mesenchymal transition and cancer cell 
invasion. In addition, KLF4 and E-cadherin tumor suppressors 
have been identified as KLF8-repressed targets (8,10,14). KLF8 
has thus emerged as one of the most important oncogenic tran-
scription factors  (15). The expression, transcriptional activity 
and nuclear localization of such transcription factors are tightly 
regulated in normal cells, and when dysregulation occurs the 
cells go awry. However, the underlying mechanism that results 
in KLF8 over-activation is currently unknown. A previous 
study demonstrated that KLF8 mediated cell cycle progression 
downstream of FAK by up-regulating cyclin D1 (7), and that 
the expression of wild-type FAK resulted in enhanced expres-
sion of KLF8 in glioblastoma cells  (12). Further studies are 
required to explore the detailed mechanism.

Despite numerous studies with varying treatment modalities, 
glioblastoma remains highly resistant to systemic therapy (1,2). 
It is important to discover a new way to effectively inhibit glio-
blastoma cell growth and avoid the side effects of drugs. Gene 
target therapies have proven to be a promising way to achieve 
this goal  (16-18). siRNA was constructed as a promising new 
approach for gene silencing in cells over the years (19,20). This 
inhibits gene expression in a sequence‑specific manner by 
degradation of the corresponding mRNA and has been proven 
to be a powerful tool for suppressing gene expression (21-23). 
siRNA is now widely used in cancer studies and may provide 
a promising new approach towards glioblastoma therapy. 
Therefore, our results suggest that KLF8 siRNA may be used as 
a potent tool in glioblastoma therapy. 
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