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Abstract—p72 is the member of the DEAD-box RNA helicase family, which can unwind double-stranded RNA and is effi-
cient for microRNA (miRNA, miR) processing. However, its specific role in glioma has not been elucidated. First, the
expression of p72 in glioma cell lines and tissues was explored using Western blot. To explore the role of p72 on glioma pro-
gression, adenovirus inhibiting p72 was transfected into A172 and T98G cells. Cell autophagy was determined using GFP-
LC3 dots, and cell apoptosis was determined using flow cytometry. The effect of Beclinl was explored using GFP-LC3 dots,
flow cytometry, and colony formation. The possible miRNAs that target the 3'-untranslated region (3'-UTR) of Beclinl
were predicted using TargetScan. Dual luciferase reporter assay was applied to determine whether these miRNAs bind to the
3'-UTR of Beclin 1. The expression of p72 was significantly increased in glioma cell lines and tissues. Autophagy-related pro-
tein Beclinl was found to be significantly enhanced when p72 was inhibited. The accumulation of GFP-LC3 dots was sig-
nificant in cells transfected with ad-sh-p72 compared with ad-con. Colony formation capacity and cell apoptosis were also
found to be significantly decreased with p72 inhibition. Furthermore, upregulation of Beclinl contributes to A172 cell
autophagy, invasion, and apoptosis. Overexpression of p72 induces increased miR-34-5p and miR-5195-3p expression in
A172 and T98G cells. Beclin I was the target gene of miR-34-5p and miR-5195-3p. In conclusion, we found for the first time
that overexpression of p72 decreased Beclin I expression partially by increasing miR-34-5p and miR-5195-3p expression in

A172 and T98G cells.
DOI: 10.1134/S0006297916060031
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Malignant glioma is the most common and deadly
primary brain tumor in adults [1, 2]. Despite aggressive
treatment methods, they are characterized by high inva-
sion, rapid cell growth, and poor survival [3]. It is report-
ed that most glioma patients survive less than 1 year after
accurate diagnosis. Even with the standard treatment of
radiotherapy and chemotherapy, most patients die within
2 years [4, 5]. Thus, it is important to further explore the
underlying mechanism and develop novel therapy strate-
gies.

Recent studies have reported that autophagy is acti-
vated in glioma cells by chemotherapeutic agents and
radiation, which may serve as a potential therapeutic tar-
get for cancer therapy [6, 7]. As a conserved catabolic
process, autophagy was found to prompt the degradation
of unnecessary cellular contents and damaged organelles
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by lysosomal enzymes [8, 9]. The process of autophagy
includes the formation of autophagosomes, which then
engulf the unwanted cell components and transfer them
to lysosomes [10]. As an important cellular self-digestive
process, autophagy plays a key role in cell survival, differ-
entiation, homeostasis, and development [11]. Beclinl is
the first identified autophagy-related protein that tightly
correlates with cancer [12]. At the early stage of
autophagy, Beclinl is involved in autophagosome nucle-
ation [13]. More importantly, through interaction with
positive and negative regulators, Beclinl is involved in
autophagic activity and tumorigenesis [14].

MicroRNAs (miRNAs or miRs) are small noncod-
ing RNAs that widely regulate gene expression, and sev-
eral miRs are found to bind the 3’-untranslated region
(3'-UTR) of Beclinl, such as miR-Let7A miR-17-5p and
miR-30d [15-17]. Primary microRNAs (pri-miRNAs)
are processed by the nuclear RNase III Drosha, thereby
forming hairpin-shaped precursor miRNAs (pre-
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miRNAs). In humans, such process is facilitated by the
Asp-Glu-Ala-Asp (D-E-A-D) box helicases p68 (DDXJ5)
and p72 (DDXI17) [18]. RNA helicases participates in
various cellular signalings mainly by regulating RNA
splicing, transcription, translation, and miRNA biogene-
sis [19]. As the largest helicase family, the D-E-A-D box
proteins share 12 conserved motifs [20]. p72 RNA heli-
cases are found to be involved in RNA splicing and
miRNA biogenesis [21]. For instance, they are reported
to bind estrogen receptor oo (ERa) and enhance down-
stream gene expression through transactivation [22].
Furthermore, DEAD-box RNA helicases are suggested
to be necessary for primary miRNA processing [23]. This
prompted us to carefully explore the expression and role
of p72 in glioma cancer and reveal their importance for
cancer progression.

In this study, we identified for the first time that p72
is upregulated in glioma cell lines and tissues. Through
enhancing miR-34-5p and miR-5195-3p biogenesis in
A172 and T98G cells, upregulation of p72 contributes to
the malignancies of glioblastoma cells mainly by repress-
ing Beclinl expression.

MATERIALS AND METHODS

Cell lines and culture. Normal human astrocytes
(NHA) were obtained from ScienCell Research
Laboratories (Canada) and cultured according to the sup-
plier’s instructions. Human U87MG, U251MG, U373,
A172, U118, T98G, and SHU-44 glioblastoma cell lines
were obtained from the American Type Culture
Collection (ATCC). All cells were cultured in DMEM
(HyClone, USA) supplemented with 10% fetal bovine
serum (HyClone) and incubated in a humidified atmos-
phere containing 5% CO, at 37°C without antibiotics.

Glioma specimens. Tumor specimens from patients
with glioma (GBM) and non-neoplastic brain (NNB) tis-
sues from patients without glioma were collected in the
Department of Neurosurgery of the First Affiliated
Hospital of Liaoning Medical University after accurate
pathological confirmation. The tissues were immediately
snap-frozen in liquid nitrogen and stored at —80°C for
further study. All the experiments were approved by the
Ethical Committee of the First Affiliated Hospital of
Liaoning Medical University and informed consent was
given by all patients.

Western blot. Cells were first rinsed with PBS three
times and then lysed in RIPA buffer (1% Triton X-100,
150 mM NaCl, 5 mM EDTA, and 10 mM Tris-HCI,
pH 7.0) (Solarbio, China). The cell lysates were collected
after centrifugation at 12,000g for 15 min. Protein con-
centration was determined using a BCA protein assay kit
(Merck Millipore, Germany). The cell lysates were sepa-
rated by 10% SDS-PAGE and then transferred onto a
PVDF membrane. The membranes were blocked with 5%
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nonfat dried milk in TBST for 1 h at room temperature.
Then, the specific primary antibodies were added for
incubation overnight at 4°C. Subsequently, the mem-
branes were washed with TBST three times and incubat-
ed with the appropriate HRP-conjugated anti-rabbit IgG
secondary antibodies (Zhongshanjingiao, China) at room
temperature for 1 h. The blots were detected using the
ECL plus detection system (Millipore), and digitized data
were quantified by Image J software.

Reverse transcription PCR. RNA was extracted with
RNAvizol reagent (Vigorous, China) and reverse-tran-
scribed with EasyScript One-Step gDNA Removal and
cDNA Synthesis SuperMix (AE311-03; Transgene,
China). The PCR program was as follows: 48°C for
45 min; 96°C for 2 min; 25 repeats of 94°C for 30 s, 55°C
for45 s, and 68°C for 80 s; followed by a final extension at
65°C for 6 min. In addition, TagMan miRNA assays
(Applied Biosystems, USA) were applied to detect the
expression level of mature miRNAs using the stem-loop
method. All PCRs were run in triplicate, and gene expres-
sion was calculated by the comparative ACt method rela-
tive to U6 small nuclear RNA (RNU6).

Colony formation assay. A172 cells were exposed to
miR mimetics/inhibitors or negative control (NC) for
48 h. After transfection, 500 cells were seeded in the well
of a 6-well plate and grown for 2 weeks. Then, the cells
were fixed with methanol—acetic acid (3 : 1 v/v) and
stained with Crystal violet.

RNA oligoribonucleotides. All RNA oligoribonu-
cleotides were purchased from Genepharma (China).
The small interfering RNAs (siRNAs) targeting the
mRNA of human p72 were designed as si-p72.

siRNA transfection. Human glioblastoma cells were
seeded at the concentration of 2-10° cells/well. Twenty-
four hours later, a nonspecific control siRNA (NC) or a
specific siRNA for Beclin1 was transfected into the wells
at final concentration 50 nM using Hiperfect transfection
reagent according to the manufacturer’s instructions
(Qiagen, Germany).

Luciferase reporter assay. To test whether miR-34-
5p or miR-5195-3p targets the 3'-UTR of Beclinl, the
sequence containing the predicted binding sites was
included into pmirGLO plasmids (Promega, USA). For
luciferase reporter assay, A172 cells were seeded into 96-
well plates at 10,000 cells per well on the day before trans-
fection. Then, a mixture of 100 ng pmirGLO-Beclinl-3'-
UTR and 50 nM miRNA mimetic or negative control
were transfected into A172 cells using Lipofectamine
2000 transfection reagent (Invitrogen Life Technologies,
USA). After 48 h, firefly and Renilla luciferase activity
was determined using the Dual-luciferase Reporter Assay
System (Promega). The firefly luciferase activities were
used as an internal control for transfection efficiency.

Autophagy measurement using GFP-LC3. A72 cells
were transfected with a green fluorescent protein—micro-
tubule-associated protein 1 light chain 3 (GFP-LC3)
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expression plasmid (Invitrogen Life Technologies). After
24 h, cells were treated with ad-p72, and the fluorescence
of GFP-LC3 was observed under a fluorescence micro-
scope. Then, the LC3 punctate spots were counted 2 days
later. The percentage of cells undergoing autophagy was
calculated from the ratio of autophagic cells to normal
cells bearing GFP-LC3 fluorescence.

Statistical analyses. Data are presented as mean *
S.E. from three independent experiments. The figures
show representative results of at least three independent
experiments. The significance of differences between dif-
ferent test conditions was determined using one-way
ANOVA and Student’s #-test; p < 0.05 was considered sta-
tistically significant.

RESULTS

Increased p72 expression in glioma cell lines and tis-
sues. First, we explored the expression of p72 in glioma
cell lines and tissues; we found that p72 was significantly
increased in human U87MG, U251MG, U373, Al172,
U118, T98G, and SHU-44 glioblastoma cell lines in
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comparison with NHA cells (Fig. 1a). Besides, the pro-
tein level of p72 was much higher than that of the tumor
specimens from glioma patients (Fig. 1b). Since p72 was
most significantly increased in A172 and T98G cell lines,
both were selected for further study.

Knockdown of p72 enhances A172 and T98G cell
autophagy, invasion, and apoptosis. To explore the role of
p72 on glioma progression, adenovirus inhibiting p72 was
transfected into A172 and T98G cells. As shown in Fig.
2a, autophagy-related protein Beclinl was significantly
enhanced when p72 was inhibited in both cell types.
Meanwhile, accumulation of GFP-LC3 dots was signifi-
cant in A172 and T98G cells transfected with ad-sh-p72
compared with ad-con (Fig. 2b). Moreover, colony for-
mation capacity was also significantly decreased with p72
inhibition in A172 and T98G cells (Fig. 2c). In addition,
cell apoptosis was also enhanced in A172 and T98G cells
transfected with ad-sh-p72 (Fig. 2d). These data suggest
an oncogenic role of p72 in glioma cells.

Upregulation of Beclinl contributes to A172 and
T98G cell autophagy, invasion, and apoptosis. To explore
whether p72 exerts its function mainly through Beclinl,
adenovirus overexpressing Beclinl was transfected into
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A172 and T98G cells. As shown in Fig. 3a, overexpression
of Beclinl significantly enhanced the ratio of GFP-LC3
dots in A172 and T98G cells. In addition, overexpression
of Beclinl enhanced A172 and T98G cell invasion and
apoptosis (Fig. 3, b and c). Furthermore, we found that
knockdown of Beclin I significantly decreased GFP-LC3
dots in A172 and T98G cells after starvation for 6 h (Fig.
3d). These data indicate that p72 prompted A172 cell
autophagy, invasion, and apoptosis partially through pos-
itive regulation of Beclinl expression.

Overexpression of p72 induces increased miR-34-5p
and miR-5195-3p expression in A172 and T98G cells. As
an RNA helicase, p72 plays a key role in miRNA bio-
genesis. Thus, we explore possible miRNAs that regu-
late the expression of Beclinl. First, we predicted the
possible miRNAs that bind the 3'-UTR of Beclin I using
targetScan (http://www.targetscan.org) (Fig. 4a). We
explored the expression of 11 miRNAs. We found that
only miR-34-5p and miR-5195-3p levels were signifi-
cantly increased in glioma tissues (Fig. 4b). Then, the
3'-UTR of Beclinl was cloned into pmirGLO plasmid.
Dual luciferase reporter assay demonstrated that miR-
34-5p and miR-5195-3p significantly decreased the
luciferase activity of pmirGLO-Beclinl1-3'-UTR (Fig.
4, c and d). Western blot analysis revealed that overex-
pression of miR-34-5p and miR-5195-3p significantly
reduced the expression of Beclinl in A172 and T98G
cells (Fig. 4e). We also found that overexpression of p72
significantly enhanced the level of miR-34-5p and
miR-5195-3p in A172 and T98G cells (Fig. 4f). These
data indicate that overexpression of p72 induced
decreased miR-34-5p and miR-5195-3p expression in
A172 cells.

DISCUSSION

Glioma is a common primary malignant brain tumor
among adults [24]. It was reported that the general medi-
an survival rate of patients with high-grade glioma is less
than 12 months [25]. Thus, it is necessary to develop
novel and effective treatment methods for glioma patients
[26, 27]. RNA helicases are indicated to play key roles in
tumorigenesis [28, 29]. They can not only unwind RNA,
but also disturb the interaction between RNA and pro-
teins [30, 31]. p72 helicase belongs to the DDX17 family
with the typical sequence of DEAD, which is important
for ATP hydrolysis [31]. In this study, we first demon-
strated that p72 RNA helicase was decreased in glioma
cell lines and tissues. Further study revealed that overex-
pression of p72 contributed to enhanced glioma cell
autophagy, invasion, and apoptosis. Thus, p72 may serve
as a therapeutic target for glioma.

Autophagy has been indicated to be involved in
tumor progression and suppression [32]. It is reported
that autophagy can maintain cellular homeostasis,
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genomic stability, and metabolism by suppressing malig-
nant transformation of normal cells [33]. It was reported
that the actual function of autophagy on tumorigenesis is
largely dependent on the microenvironment [34].
According to different tissue types and genetic context,
autophagy exerts different functions on cell growth [35].
Beclinl is suggested to interact with the class III phos-
phoinositide 3-kinase complex, which is necessary for
autophagy initiation [36]. Our data are the first to demon-
strate that overexpression of p72 significantly decreased
the protein expression of Beclinl. Further study revealed
that upregulation of Beclinl contributes to enhanced
A172 cell autophagy, apoptosis, and colony formation
capacity.

Another function of p72 is related to the processing
of miRNA. It is well known that primary miRNA tran-
script (pri-miRNA) can be processed in the nucleus
through the Drosha complex. Researchers found that p72
is an important component of the Drosha complex [21,
37]. More importantly, knockdown of p72 significantly
decreases the processing of pri-miRNAs, since it can
unwind RNA and enhances the cleavage of pri-miRNA
in the Drosha complex. In this study, we further explored
whether p72 negatively regulated Beclinl expression
through affecting miRNA biogenesis. We found that
increased p72 expression significantly enhances the level
of miR-34-5p and miR-5195-3p. Luciferase analysis and
Western blot revealed that Beclin I is a target gene of miR-
34-5p and miR-5195-3p. In summary, we are the first to
show that overexpression of p72 decreases Beclinl
expression partially by decreasing miR-34-5p and miR-
5195-3p expression in A172 cells.

In this study, we first determined the oncogenic role
of p72 in glioma tissues and cell lines. Further study
revealed that p72 contributes to glioblastoma cell malig-
nancies mainly by enhancing miR-34-5p and miR-5195-
3p biogenesis, thereby repressing Beclinl expression.

This study was supported by the Program for
Excellent Talents in Liaoning Province in China (No.
LJQ2013088).
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