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Knockdown of CLNS inhibits the tumorigenic properties of
glioblastoma cells via the Akt/mTOR signaling pathway
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Abstract. Gliomas are highly malignant tumors with a
rapid progression and poor prognosis. The present study
investigated the cellular effects of CLN5-knockdown in the
glioblastoma (GBM) U251 and US87MG cell lines. The Cell
Counting Kit-8 and colony formation assays indicated that
CLNS5-knockdown inhibited the proliferation of GBM cells.
Additionally, the results of the Transwell and scratch assays
revealed that CLN5-knockdown significantly inhibited migra-
tion and invasion, and the flow cytometry analysis confirmed
that apoptosis was promoted. Knockdown of CLNS downregu-
lated the expression levels of MMP-2, Bcl-2, cyclin D1, CDK4
and CDK®6, and upregulated the expression levels of Bax
and activated caspase-9. Additionally, it blocked GBM cells
in the Gl-phase and induced early apoptosis. Knockdown of
CLNS inhibited the activation of the Akt and mTOR signaling
pathways in GBM by decreasing the levels of phosphory-
lated (p)-Akt and p-mTOR. The present data suggested that
downregulation of CLNS may be a potential treatment option
for GBM. Knockdown of CLNS5 inhibited the development
of GBM via the inhibition of the Akt and mTOR signaling
pathways.

Introduction

Gliomas represent a serious clinical disease, with high malig-
nancy, common recurrence and poor prognosis. According
to statistics, in 2015, the prevalence of gliomas accounts for
4-5% in the world (1,2). At present, the standard treatment is to
remove the tumor to the maximum extent using radiotherapy
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and chemotherapy (3,4), but the 5-year survival rate is
<5% worldwide (5). Glioblastoma (GBM) is one of the most
malignant, recurrent and invasive tumor types, and is classi-
fied as grade 4 according to the World Health Organization
nervous system tumor classification system (6). GBM is insid-
ious and invasive, and its clinical symptoms appear relatively
late (7). Microsurgical resection, postoperative chemotherapy
and radiotherapy are the primary techniques to treat GBM (7).
Due to limitations of the anatomical structure, highly invasive
growth and high radiation resistance, no marked positive effect
on the overall prognosis of patients has been achieved, despite
numerous advances in treatment methods in recent years (7).
Novel treatment strategies and drug research and development
have become increasingly urgent as this problem remains to
be solved (8.9).

With the rapid development of high-throughput sequencing
and bioinformatics in recent years, some key biomarkers
and signaling pathways in the development of GBM have
been identified, providing a theoretical basis for the study of
GBM-targeting drugs (10). The PI3K-Akt-mTOR signaling
pathway is a key regulator of numerous cellular processes,
including cell proliferation, apoptosis, migration and inva-
sion (11). It is one of the most commonly altered signal
transduction networks in human cancer (11). The PI3K family
of lipid kinases is a key component of this signaling pathway,
and therefore PI3K has become a research hotspot for targeted
drugs (12).

The PI3K/Akt/mTOR signaling pathway is composed of
three main acting molecules, namely PI3K, PKB/Akt and
mTOR, and it is a central regulatory mechanism that can
promote the growth and proliferation of tumor cells and
inhibit autophagy (13). Neuroceroid lipofuscins (NCLs) are a
common cause of neurodegeneration in children (14). The sixth
known NCL gene is CLNS, which is predicted to encode a
novel protein with two putative transmembrane domains (15).
The CLNS protein is a 407-amino acid, highly glycosylated
protein with unknown functions. It is localized to lysosomes
through the mannose-6-phosphate receptor pathway and
other signaling pathways (16). Pathogenic mutations result
in its retention in the ER/Golgi matrix (17). Lysosomes can
effectively control autophagy (18). Recently, researchers
examined the association between mTORCI activation and
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lysosomal localization through CRISPR/Cas9 knockout
of lysosomal localization-associated protein components,
revealing that limbic lysosomes could facilitate the activation
of the mTORC1, mTORC2 and Akt signaling pathways (19).
Therefore, the current study speculated that CLN5 may serve a
role in GBM. In the present study, the effect of CLN5 on GBM
was investigated at the molecular level.

Materials and methods

Agents. Antibodies against CDK4 (cat. no. 11026-1-AP;
1:1,000), CDK6 (cat. no. 14052-1-AP; 1:1,000), Akt
(cat. no. 10176-2-AP; 1:1,000), mTOR (cat. no. 20657-1-AP;
1:1,000), GAPDH (cat. no. 10494-1-AP; 1:1,000) and
HRP-conjugated sheep anti-rabbit/mouse (ES-0005,
1:5,000) were ordered from the ProteinTech Group, Inc.
Antibodies against CLN5 (cat. no. ab170899; 1:1,000), Bcl-2
(cat. no. ab32124; 1:1,000), Bax (cat. no. ab32503; 1:1,000),
phosphorylated (p)-Akt (cat. no. ab38449; 1:1,000), cyclin D1
(cat. no. ab134175; 1:1,000), pro-caspase-9 (cat. no. ab138412;
1:1,000), activated-caspase-9 (cat. no. ab219590; 1:1,000),
and p-mTOR (cat. no. ab109268; 1:1,000) were ordered from
Abcam.

Gene expression profiling interactive analysis (GEPIA).
The expression of CLN5 and overall survival were analyzed
using GEPIA (http://gepia.cancer-pku.cn/), which include
data from The Cancer Genome Atlas (http://www.tcga.org/)
and the Genotype-Tissue Expression (http://commonfund.nih.
gov/GTEx/) databases. For the analysis of gene expression,
Log,(Transcripts Per Million + 1) was use for log-scale. The
cut-off of ILog2 fold-changel was 1 and P<0.01 was considered
to indicate a statistically significant difference. The log-rank
test, also known as Mantel-Cox test, was used for the analysis
of overall survival.

Cell lines and cell culture. U251 and US7TMG (glioblastoma
of unknown origin) cell lines were purchased from The Cell
Bank of Type Culture Collection of the Chinese Academy
of Sciences, Shanghai, China and authenticated via STR
profiling. The cells were cultured in DMEM supplemented
with 10% FBS (both from Gibco; Thermo Fisher Scientific,
Inc.), streptomycin (100 xg/ml) and penicillin (100 U/ml) in a
5% CO, incubator at 37°C. The cells were washed with PBS
3 times at the logarithmic growth stage, then digested with
0.25% trypsin for 3-4 min and seeded in a 6-well plate for
subsequent experiments.

Transfection. Transfection was performed according to
the instructions for the Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). The complete culture medium
was replaced 2 h before transfection. The small interfering
(si)-CLNS5 (OriGene Technologies, Inc.) sequence was 5'-CCT
TATTGTCAAGCTAAGT-3' and the negative control (NC)
siRNA (OriGene Technologies, Inc.) sequence was 5'-GGC
UGUAUGAGCACCGUUATT-3" A total of 5 ul liposome was
dissolved into 125 ul serum-free and antibiotic-free medium,
then mixed gently and left at room temperature for 5 min.
Additionally, 5 ul si-CLN5 (50 nM) was dissolved into 125 pl
serum-free and antibiotic-free medium, mixed gently and left

at room temperature for 5 min. The liposome solution was
mixed with the si-CLNS5 solution for 30 min. The cells were
washed twice with PBS. The mixture was added into the cells
of each well (1x105 cells/well), gently mixed and cultured in
the incubator. The cells were incubated at 37°C for 24 h, then
the complete culture medium was replaced with fresh complete
medium, and subsequent experiments were performed after
24 h of continuous culture.

RNA extraction and reverse transcription-quantitative (RT-q)
PCR detection. The Ultrapure RNA kit (CoWin Biosciences)
was used to extract the total RNA from cells. After reverse
transcription at 85°C for 5 min using the Reverse Transcription
Reaction kit (CoWin Biosciences), real-time fluorescence gPCR
was used to detect the expression levels of CLNS. The thermo-
cycling conditions were as follows: 95°C for 5 min, followed
by 40 cycles at 95°C for 30 sec, 60°C for 45 sec and 72°C for
30 min. The primers are listed as follows: CLN5 forward,
5'-CAAGCGCTTTGACTTCCGTC-3' and reverse, 5-TCA
AACCATGTCTCTGCCCC-3'; B-actin forward, 5'-CCCGAG
CCGTGTTTCCT-3' and reverse, 5'-GTCCCAGTTGGTGAC
GATGC-3'. Time PCR system was performed using Super
TagMan Mixture (CoWin Biosciences) according to the manu-
facturer's instructions. [3-actin was used as an internal control.
The results were calculated using the 222 method (20).

Western blotting. For the immunoblot analysis, the NC and the
experimental groups underwent inference for 24 h, then the
6-well plate was placed on ice. RIPA lysis buffer (supplemented
with a protease inhibitor; both from CoWin Biosciences) was
used to extract total protein, and the protein concentration was
determined using a BCA assay (CoWin Biosciences). A total
of 20 ug protein/lane was separated via 10% SDS-PAGE gel,
and the proteins were then transferred to a PVDF membrane
and blocked with 5% skimmed milk for 1 h at 37°C. The
membrane was incubated with the aforementioned primary
antibodies overnight at 4°C, washed 3 times (5 min each)
with TBS-Tween-20 (0.05%; v/v) and then incubated with the
respective secondary antibodies for 1 h at room temperature.
ECL (EMD Millipore) was used to visualize the protein bands
after the membrane was washed. Quantity One 4.6 software
(Bio-Rad Laboratories, Inc.) was used to calculate the gray
value.

Cell proliferation and viability assays. Proliferation was
assessed using the Cell Counting Kit-8 (CCK-8; Beijing
Solarbio Science & Technology, Co., Ltd.) and colony forma-
tion assays. According to the manufacturer's protocol, after
24 h of transfection, the cells were digested and counted, and
2,000 cells/well were seeded in a 96-well plate. The cells were
then cultured in an incubator at 37°C for 1 h. A total of 10 ul
CCK-8 reagent was added and incubated at 37°C for 1 h before
detection. Every 24 h, the absorbance was measured at 450 nm
by a microplate reader.

For colony formation assays, cells were seeded into a
6-cm plate after transfection and incubated for 2 weeks at
37°C. Subsequently, cells were fixed with methanol for 15 min
at room temperature and stained with Giemsa for 20 min at
room temperature. Colonies with >10 cells were counted in
5 random fields.
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Transwell assay for invasion detection. Invasion was evalu-
ated using Transwell chambers (EMD Millipore). Matrigel®
(cat. no. 356234, BD Biosciences) was diluted in serum-free
medium at the ratio of 1:6, and 100 u1 was added into the upper
chamber, then incubated at 37°C for 4-6 h. After transfection
for 24 h, 5x10* cells in 500 ul serum-free medium were added
to the upper chamber, and 500 yl complete medium was added
to the lower chamber. After overnight incubation at 37°C, a
cotton swab was used to wipe off the remaining cells in the
upper chamber. After washing with PBS, cells were fixed
with 4% paraformaldehyde for 30 min at room temperature
and stained with 0.1% crystal violet for 20 min at 37°C,
then counted under the fluorescence microscope (magnifica-
tion, x100).

Cell migration assay. The migration of U251 and US7MG cells
was detected via scratch assay. After digestion, 5x10* cells/well
were seeded in a 6-well plate in 500 ul serum-free medium,
and cells were cultured until confluency overnight at 37°C.
The cells were scratched and cell migration was recorded
every 24 h under the fluorescence microscope (x40 magnifica-
tion). The results were processed using ImagelJ version 1.8.0
software (National Institutes of Health), and the cell migratory
ability was assessed based on the extent of the area of cell
migration between the control group and the experimental

group.

Gelatinase spectrum. Gelatinase spectrum was used to
detect MMP-2 expression. After transfection, the NC and
experimental groups were incubated at 37°C for 24 h, and
were then washed with serum-free DMEM 3 times and
cultured for 24 h at 37°C. The supernatant was collected
via centrifugation in 5,000 x g for 5 min at 4°C, diluted
with serum-free DMEM without mercaptoethanol and
added into each well of the vertical electrophoresis tank.
The samples were separated using 10% SDS-PAGE
(0.5 mg/ml gelatin). After electrophoresis, the gel was dyed
with 0.25% Coomassie Blue R-250 at room temperature for
4 h and decolorized with decolorizing liquid (10% acetic
acid) at room temperature for 1 h. Following this process,
the gel was imaged using a camera (Olympus Corporation).
The gray value was analyzed using Quantity One 4.6 soft-
ware (Bio-Rad Laboratories, Inc.).

Cell apoptosis and cell cycle analysis via flow cytometry.
After 24 h of transfection, the cells were serum-starved
for 24 h and then digested with trypsin for 3-4 min at 4°C
without EDTA. Subsequently, they were collected into a
centrifuge tube, centrifuged at 300 x g for 5 min at 4°C and
resuspended in pre-cooled PBS at 4°C. After centrifugation,
the cell density was adjusted by adding 1X binding buffer to
obtain 1-5x10° cells/ml. A total of 100 ul cell suspension and
5 ul Annexin-V/FITC (Beijing 4A Biotech Co., Ltd.) were
added into a 5-ml flow tube, incubated at room tempera-
ture in the dark for 5 min according to the manufacturer's
protocol, and then 10 1 PI at 37°C for 5 min and 400 ul PBS
were added to the mixture before flow cytometry detection.
FlowJo version 10.6.2 software (FlowJo LLC) was used to
analyze and process the flow cytometry (FACSCanto II;
BD Biosciences) results.

For cell cycle detection, ice-cold ethanol was used to fix
the cells for >24 h at 4°C. Subsequently, the procedure for cell
cycle detection was similar to the aforementioned apoptosis
detection. PI was used for single-staining at 37°C for 5 min
and 400 pl PBS was added. FlowJo software was used to
analyze and process the flow cytometry results.

Statistical analysis. Results were analyzed using SPSS 18.0
software (SPSS, Inc.). The comparison between two groups
was performed using unpaired Student's t-test. Results were
expressed as the mean + SD. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

CLNS5 expression is upregulated in GBM. In order to study
the association between CLNS5 expression and GBM, GEPIA
was used to extract RNA sequences from The Cancer Genome
Atlas and the Genotype-Tissue Expression databases, in order
to further understand the function of this gene (21). The expres-
sion levels of CLN5 in GBM tissues were significantly higher
compared with those in normal tissues, indicating that CLNS5
expression was upregulated in GBM (Fig. 1A). Furthermore,
the prognostic survival curve revealed that the overall survival
rate of patients with GBM with high CLN5 expression was
lower than that of patients with low CLN5 expression; however,
there was no significant effect of CLNS5 expression on survival
(Fig. 1B).

Knockdown of CLNS5 decreases the proliferation of GBM
cells in vitro. RT-qPCR and western blotting were used to
evaluate the efficiency of CLN5-knockdown. The results
revealed that CLN5 mRNA and protein expression levels in
the si-CLN5 group were significantly decreased in both U251
and U87MG cells compared with those in the NC group
(Fig. 2A and B).

The CCK-8 assay was performed to detect the prolif-
eration of U251 and U8S7MG cells. The data revealed that
after 72 and 96 h of culture, the proliferative ability of the
si-CLNS5 group was significantly decreased compared with
that of the NC group (P<0.05; Fig. 2C). In addition, the
colony assay demonstrated that the colony formation ability
of the si-CLN5 group was significantly lower than that of the
NC group (P<0.05; Fig. 2D). Therefore, CLN5-knockdown
significantly inhibited the proliferation of GBM cells in vitro.

CLN5-knockdown inhibits the migration and invasion of
GBM cells. The migration of U251 and U887MG cells was
detected using the scratch test. The results revealed that the
healing area of the si-CLN5 group was decreased compared
with that of the NC group in both cell lines (P<0.05; Fig. 3A),
indicating that migration of the si-CLN5 group was inhibited.
Transwell assays were performed to evaluate the cell inva-
sive ability. The invasive ability of the si-CLNS5 group was
significantly decreased compared with that of the NC group in
both U251 and U87MG cells (P<0.05; Fig. 3B). Additionally,
gelatinase spectrum was performed to investigate MMP-2
expression, which is an important factor affecting cell migra-
tion and invasion. MMP-2 expression in the si-CLNS5 group
was significantly lower than that in the NC group (P<0.05;
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Figure 1. CLNS expression is upregulated and predicts a poor prognosis in GBM. The expression levels and role in prognosis of CLNS were assessed using
the Gene Expression Profiling Interactive Analysis online database. (A) CLNS expression was significantly increased in GBM tumor tissues compared with in
normal tissues. (B) Overall survival curve based on CLN5 expression. 'P<0.05. GBM, glioblastoma; TPM, transcripts per million; T, tumor; N, normal; HR,

hazard ratio.
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Figure 2. CLN5-knockdown decreases the proliferation of GBM cells. (A) Reverse transcription-quantitative PCR was used to evaluate the mRNA levels of
CLNS using si-CLNS5. (B) CLNS protein expression levels were detected via western blotting. (C) Proliferation curves of U251 and US7MG cells detected using
the Cell Counting Kit-8 assay. (D) Colony formation assay was used to evaluate the colony-forming ability of GBM cells (magnification, x100). All experiments
were performed in triplicate. “P<0.01. GBM, glioblastoma; si-CLN5, small interfering RNA against CLN5; OD, optical density.

Fig. 3C). Therefore, the results revealed that CLN5-knockdown
inhibited the migration and invasion of GBM cells.

Depletion of CLNS induces Gl-phase arrest in GBM cells.
The cell cycle distribution of GBM CLN5-knockdown cells
was studied to determine the effect of CLN5 on the cell cycle.
Flow cytometry analysis revealed that the number of cells in
G1 phase transfected with si-CLN5 was significantly higher
than that of NC cells (P<0.05), while there was no significant
difference between S-phase and G2-phase cells (Fig. 4A). To

further explore the regulatory mechanism of Gl-phase arrest,
the expression levels of cycle-associated molecules such
as cyclin D1, CDK4 and CDK6, were analyzed. Compared
with NC cells, the expression levels of these proteins in the
si-CLNS5 group were significantly decreased (P<0.05; Fig. 4B),
suggesting that CLN5-knockdown may inhibit the prolifera-
tion of GBM cells by blocking the G1 phase of the cell cycle.

CLNS5-knockdown promotes the apoptosis of GBM cells. Due
to the abnormal rate of cell proliferation and irregular cell cycle,
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Figure 3. CLNS5-knockdown inhibits cell migration and invasion of glioblastoma cells. Knockdown of CLNS inhibited (A) migration (magnification, x40)
and (B) invasion (magnification, x100) of U251 and U87MG cells. (C) MMP-2 expression was evaluated using gelatinase spectrum. All experiments were
performed in triplicate. "P<0.05; “"P<0.01. si-CLN3, small interfering RNA against CLNS5.
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Figure 4. CLN5-knockdown induces G1-phase arrest in glioblastoma cells. (A) Flow cytometry analysis was performed to analyze the cell cycle of U251 and
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the present study further investigated the potential mechanism
of the effect of CLNS on the life cycle of GBM cells. Apoptosis
is an important regulator of cell proliferation. Flow cytometry
was used to detect apoptosis after Annexin V-FITC and
PI double-staining. The results revealed that the apoptosis rate
increased significantly after si-CLNS transfection (P<0.05;
Fig. 5A). In addition, changes in the protein expression levels
of Bcl-2, activated-caspase-9 and Bax were investigated, which
are closely involved in the process of apoptosis. In the si-CLN5
group, the expression levels of Bax and activated-caspase-9

were increased, while Bcl-2 expression was decreased, indi-
cating that CLN5-knockdown increased the Bax/Bcl-2 ratio
(Fig. 5B). In conclusion, the present results revealed that CLNS5
may be an important factor in the regulation of apoptosis in
GBM cells.

Knockdown of CLNS inhibits the Akt/mTOR signaling pathway
in GBM cells. In order to further explore the mechanism of
the effect of CLN5 on GBM, western blotting was used to
detect the changes in the Akt/mTOR signaling pathway after
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CLNS5-knockdown. The results revealed that there was no
significant change in total Akt expression in si-CLN5 cells
compared with in the NC group; however, CLN5-knockdown
significantly decreased the levels of p-Akt in both U251
(P<0.01) and U87MG (P<0.05) cells (Fig. 6). Therefore, it was
suggested that CLN5-knockdown inhibited the activation of
the Akt signaling pathway in GBM. In addition, changes in the
mTOR signaling pathway were analyzed. The inhibitory effect
of CLN5-knockdown on the mTOR signaling pathway was
similar to that in the Akt signaling pathway, with significantly
decreased levels of p-mTOR in the si-CLNS5 group compared
with in the NC group (P<0.01 in U251 and P<0.05 in U87MG;
Fig. 6). The present results suggested that CLNS may affect the
development of GBM by regulating the Akt/mTOR signaling
pathway.

Discussion

GBM is one of the most lethal types of cancer in humans
due to its high malignancy, strong invasion and poor prog-
nosis (22). The CLNS protein is a 407 amino acid-long
glycosylated protein with unknown functions. The present
study detected CLNS5 upregulation in GBM tissues using
GEPIA; therefore, the association between the CLN5 gene and
GBM cells was further investigated. The results revealed that
CLNS5-knockdown effectively inhibited the proliferation and
invasion of GBM cells, and promoted apoptosis.

At first, CCK-8 and clone formation assays were
used to investigate cell proliferation. It was revealed that
CLN5-knockdown effectively inhibited the proliferation
of GBM cells in vitro. Subsequently, the cell migratory and
invasive abilities were tested, and the results demonstrated
that migration and invasion decreased significantly after
CLN5-knockdown. In the process of tumor migration and
invasion, one of the most important factors is the degrada-
tion of the basement membrane and extracellular matrix (23).
MMP-2 is a type of multi-matrix metalloproteinase that
is involved in the migration and invasion of tumors via the
degradation of the extracellular matrix; it is widely involved in
numerous pathological processes of tumor development (24)
and serves an important role in cancer cells (25). The present
results revealed that MMP-2 expression decreased significantly
after si-RNA transfection, indicating that CLN5-knockdown
may regulate MMP-2 expression and inhibit cell invasion and
migration.

In order to further study the role of CLN5 in cell prolif-
eration and apoptosis, the association between CLN5 and
the Akt/mTOR signaling pathway was investigated. Cyclins
are a family of proteins related to chromosome condensa-
tion and mitotic spindle involved in the regulation of the
cell cycle (26,27). The results of flow cytometry and western
blotting revealed that si-CLN5 downregulated the expression
levels of cyclin D1, CDK4 and CDK®6, blocked the cell cycle
at the Gl-phase and induced early apoptosis. In addition,
si-CLN5 upregulated the expression levels of Bax and down-
regulated Bcl-2 expression, which may trigger mitochondrial
apoptosis (28). Furthermore, western blotting was used to
detect molecules in the Akt/mTOR signaling pathways, and
CLNS5-knockdown inhibited the activation of the Akt and
mTOR signaling pathways in GBM by decreasing the levels of

p-Akt and p-mTOR. However, the antitumor effect of CLNS5
has not been verified in mouse models. The mechanism of
CLNS upregulation in glioma and the specific downstream
target of CLNS5 remain unclear. In the future, further research
is required to clarify the regulatory mechanism of CLNS in
human GBM cells.

In conclusion, the present analysis revealed that
CLN5-knockdown inhibited proliferation and promoted apop-
tosis in human GBM cells by potentially inhibiting the Akt
and mTOR signaling pathways.
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