
Long non-coding RNA DPP10-AS1 represses the proliferation
and invasiveness of glioblastoma by regulating miR-24-3p/CHD5
signaling pathway
JIWEI SUN1,2,#; LIANG XU1,#; YESEN ZHANG2; HAORAN LI1; JIE FENG2; XUEFENG LU2; JUN DONG1,*

1
Department of Neurosurgery, The Second Affiliated Hospital of Soochow University, Suzhou, 215004, China

2
Department of Neurosurgery, The First Affiliated Hospital of Bengbu Medical College, Bengbu, 233000, China

Key words: Glioblastoma, lncRNA DPP10-AS1, miR-24-3p, Chromodomain helicase DNA binding protein 5

Abstract: Objective: This investigation aimed to unveil new prospective diagnosis-related biomarkers together with

treatment targets against glioblastoma. Methods: The expression levels of long non-coding RNA (lncRNA) DPP10-

AS1 were assessed using real-time quantitative polymerase chain reaction (RT-qPCR) within both the patient tissue

specimens and glioblastoma cell lines. The relationship between lncRNA DPP10-AS1 expression in glioblastoma and

patient prognosis was investigated. Cell Counting Kit-8 (CCK-8), transwell, and clonogenic experiments were utilized

to assess tumor cells’ proliferation, invasiveness, and migratory potentials after lncRNA DPP10-AS1 expression was

up or down-regulated. Using an online bioinformatics prediction tool, the intracellular localization of lncRNA

DPP10-AS1 and its target miRNA were predicted, and RNA-FISH verified results. A dual-luciferase reporter

experiment validated the relationship across miR-24-3p together with lncRNA DPP10-AS1. MiR-24-3p expression

within glioblastoma was identified through RT-qPCR, and potential link across miR-24-3p and lncRNA DPP10-AS1

was assessed using Pearson correlation analysis. Moreover, influence from lncRNA DPP10-AS1/miR-24-3p axis upon

glioblastoma cell progression was assessed in vivo via a subcutaneous xenograft tumor model. Results: The expression

of lncRNA DPP10-AS1 was notably reduced in both surgical specimens of glioblastoma and the equivalent cell lines.

Low level of lncRNA DPP10-AS1 in glioblastoma is following poor prognosis. The downregulation of lncRNA

DPP10-AS1 in glioblastoma cells resulted in enhanced cellular proliferation, migration, and invasion capabilities,

accompanied by downregulated E-cadherin and upregulated vimentin and N-cadherin. Additionally, the observed up-

regulation of lncRNA DPP10-AS1 demonstrated a substantial inhibitory function upon proliferation, invasion, and

migratory capabilities of LN229 cells. Subcellular localization disclosed that lncRNA DPP10-AS1 had a binding site

that interacted with miR-24-3p. Upregulated miR-24-3p was detected in glioblastomas, displaying an inverse

correlation with lncRNA DPP10-AS1 expression. MiR-24-3p downstream target has been determined as

chromodomain helicase DNA binding protein 5 (CHD5). LncRNA DPP10-AS1 affected the invasion and proliferation

of glioblastoma by controlling the miR-24-3p/CHD5 axis. Conclusion: The present study demonstrated that lncRNA

DPP10-AS1 can inhibit the invasive, migratory, and proliferative properties of glioblastoma by regulating the miR-24-

3p/CHD5 signaling pathway. Consequently, lncRNA DPP10-AS1 has potential as a tumor suppressor and might be

utilized for accurate diagnosis and targeted treatments of glioblastomas.

Abbreviations
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BCA Bicinchoninic Acid
TBST TBS-buffered solution
Mut Mutant
Wt Wild-type
SE Standard error
p p-value
OS Overall survival
PFS Progress-free survival

Introduction

Glioblastomas have peak degree for malignancy among
gliomas and account for approximately 14.5% of all brain
tumors (McKinnon et al., 2021; Grochans et al., 2022).
Among the most refractory human cancers, glioblastomas
are highly malignant and invasion and have high
therapeutic resistance and recurrence. Combined therapies,
including surgery, radiochemotherapy, and target and
immune therapy, can improve patients’ survival to a certain
extent (Rong et al., 2022; Kang et al., 2020), but prognoses
remain poor. Hence, it is imperative to do additional
research upon pathophysiology of glioblastoma and its
associated gene regulatory mechanisms to identify new
diagnostic indicators and treatment targets. This will
ultimately result in enhanced patient outcomes.

Initially regarded as a transcriptional by-product, long
non-coding RNA (lncRNA) contains over 200 nucleotide
units and has no biological role because it cannot encode
proteins (Yan and Bu, 2021). Nevertheless, lncRNAs play
active roles in various biological processes, especially in
tumor development, progression, proliferation, metabolism,
drug resistance, and metastasis (Tan et al., 2021; Yan and
Bu, 2021; Reggiardo et al., 2022). Researchers have studied
the impact of lncRNA on the development and progression
of glioblastoma. The study conducted by Zhong et al. (2021)
demonstrated that lncRNA OXCT1-AS1 suppresses the
advancement of glioblastoma through modulating the miR-
195-5p/CDC25A axis, serving as a distinctive tumor
indicator and a promising new treatment target for
glioblastoma. LncRNA PRADX acts as a cancer driver and
may serve as a potential therapeutic target for glioblastoma
and colon adenocarcinoma (Li et al., 2021).

MiRNA is a family of non-coding RNA with 20–22
nucleotides that engages within functions of lncRNA and
can control the expression of genes through bonding onto
target mRNA’s 3′-untranslated region (3′-UTR). Various
studies have revealed the involvement of several cohorts of
lncRNA–miRNA interactions in glioblastoma onset and
advancement (Wang et al., 2023; Zhu et al., 2020). LncRNA
CRNDE contributes to advancing glioblastomas via the
miR-9-5p sponge (Luo et al., 2021). Lnc-TALC is linked to
temozolomide resistance through its competitive binding
with miR-20b-3p, facilitating c-Met expression (Wu et al.,
2019). However, although multiple functions are associated
with lncRNA–miRNA complexes, the mechanisms that
regulate glioma progression have not been elucidated and
have failed to achieve valuable clinical translation.

Therefore, this study aimed to examine the expression of
lncRNA DPP10-AS1 in glioblastomas together with eventual

impact on the invasive and proliferative properties of
glioblastoma. We focused on understanding how lncRNA
DPP10-AS1 exerts biological effects and modulates the
miR-24-3p/chromodomain helicase DNA binding protein
5 (CHD5) signaling pathway. This research’s findings could
offer new perspectives and targets for glioblastoma
treatment strategies.

Methodology

Sample harvesting
A cohort of 43 individuals diagnosed with glioblastoma,
comprising 25 males and 18 females, having mean age of
(55.34 ± 6.71) years, were included within study. Surgical
samples of glioblastoma and peritumoral tissues were
collected. All samples were rinsed with sterile phosphate
buffer saline (PBS), cut into small pieces, and soaked in
Trizol (Invitrogen, Carlsbad, California, USA). The
extraction of total RNA was performed under the directions
provided through the manufacturer, and the extracted RNA
was then stored at a temperature of −80°C to maintain its
integrity for use in experimental procedures. The ethical
committee of Soochow University’s Second Affiliated
Hospital approved this study (approval number JD-LK-
2018-027-02). Both those undergoing treatment and their
families provided informed consent.

Cell culture
Human glioblastoma cell lines, including LN229 (ATCC Cat.
No. CRL-2611), SNB19 (Cat. No. HTX2394), U251 (China
National Collection of Authenticated Cell Cultures, Cat. No.
TCHu 58), and U87 (ATCC Cat. No. HTB-14) were
maintained in DMEM medium containing 10% fetal bovine
serum (FBS) (Gibco, Carlsbad, California, USA). The cells
were cultured in a controlled environment through cell
incubator (ESPEC BNA-311, Yokohama, Japan) set at 37°C
and a carbon dioxide concentration of 5%.

Real-time quantitative polymerase chain reaction (RT-qPCR)
assay
Trizol� (Invitrogen, Carlsbad, California, USA) isolated total
RNA, consequently undergoing reverse-transcription for
complementary DNA (cDNA) through PrimeScript RT
reagent (TaKaRa BioTM Inc., Kyoto, Japan) depending upon
kit protocols. RT-qPCR was then executed through SYBR
Premix Ex Taq II� reagent (TaKaRa BioTM Inc., Kyoto,
Japan) according to instructions supplied through the
manufacturer. The 2−ΔΔCt method was employed for data
analysis. Suppl. Table S1 includes the primer sequences
utilized in this investigation.

Developing expression vectors and transfecting cells
GenePharma, located in Shanghai, China, developed short
hairpin RNA (shRNA) sequences that were particularly
customized to target the lncRNA DPP10-AS1. These
sequences were then cloned into a plasmid designated
pcDNA3.1. through pcDNA3.1 plasmid, the lncRNA
DPP10-AS1 overexpression vector was produced. Following
confirming the presence of pertinent DNA sequences within
a pcDNA3.1 plasmid, stable cell transfection was carried out
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via Lipofectamine 2000� (InvitrogenTM, Carlsbad, California,
USA) per provided methods. The positive cells were selected
with G418. Infection efficiency was analyzed 72 h after
transfection through RT-qPCR.

Cell counting Kit-8 (CCK-8) assessment
Cellular viability evaluation was conducted utilizing CCK-8
testing. The cells were first distributed on a 96-well plate,
with individual wells harboring 100 µL culturing media
together with a cell population of 1 × 103 cells. Afterward,
as directed through the supplier (MedChemExpress,
Monmouth Junction, New Jersey, USA), 10% CCK-8
reagent was applied to the cell monolayers in each well at 0,
24, 48, and 72 h. At an optical density of 450 nm, the
absorbance was determined through microplate-reader
platform (Thermo Fisher Scientific, Carlsbad, California,
USA).

Clonogenic assay
An assay for colony formation determined cellular
proliferative properties. Cultures were seeded with 800 cells
per well for 48 h, then put in a six-well plate and left for two
weeks of incubation. After incubation, cellular colonies were
treated with a 4% paraformaldehyde solution (ten minutes)
to fix them. Following fixation, the colonies were exposed to
a 20-min crystal violet stain-step. Subsequently, colonies of a
quantity above 50 individual cells were enumerated.

Transwell assay
Invasion assay was conducted in Transwell chambers (8 μm;
Costar, Corning, New York, USA). To mimic the
extracellular matrix, the basement membrane matrix (BD
BiosciencesTM, Franklin Lakes, New Jersey, USA) was placed
at the bottom of the top chamber after being diluted within
serum-free medium to 1:40 ratio. The upper chamber was
then populated with 1 × 104 cells per well. Cells were grown
for two days within DMEM enriched through 10% FBS
within lower chamber. Post-10-min 4% paraformaldehyde
staining, cells at bottom of lower chamber were stained
through crystal violet and underwent three PBS washes.
Cells were examined and evaluated through inverted
microscopy (OlympusTM, Tokyo, Japan).

Western blotting assay
Total cell proteins were extracted using PIPA buffer
(BeyotimeTM, Nanjing, China). The proteomic level was
measured through Bicinchoninic Acid (BCA) assessment
assembly (BeyotimeTM, Nanjing, China) depending upon kit
protocols. A PVDF membrane (Millipore, Bedford, MA,
USA) was then used to transfer 40 μg of the total protein
for separation using 10% SDS-PAGE gel electrophoresis.
Further, the membrane was blocked for 2 h in 5% BSA and
Tween 20-containing TBS-buffered solution (TBST),
following the manufacturer’s guidelines. After three TBST
washes, the membrane was placed into incubation
(120 min) at RT through HRP-conjugated second antibody
(ab6721, 1:2000, Abcam, Cambridge, UK). The protein
bands were identified using enhanced chemiluminescence

with an Amersham Imager 600 (General Electric Company,
Boston, USA).

RNA-FISH assay
Subcellular localization for lncRNA DPP10-AS1 was
predicted using an online bioinformatics assay (Biosearch
TechnologiesTM Novato, California, USA; https://www.
biosearchtech.com; Peta-luma, CA). After washing the cells
in PBS, they were fixed for 10 min in a 4% formaldehyde
solution free of RNases for the RNA-FISH test. After that,
PBS with 0.1% Triton X-100 was introduced, whereby cells
were allowed to rest on ice for 5 min. After being treated
sequentially with acetylation reagent, glycine, and protease
K, 400 μL of prehybridization solution was supplemented
and incubated (60 min, 42°C). Afterward, cells were
hybridized with 400 μL (300 ng/mL) of lncRNA DPP10-
AS1-FISH probe (Ribobio, Guangzhou, China) overnight at
4°C. Nuclei were observed using an fluorescent microscope
(Olympus, Tokyo, Japan) after being counterstained with
DAPI solution (Beyotime, Shanghai, China).

Dual-luciferase reporter assay
Potential miRNA binding sites with lncRNADPP10-AS1 were
predicted through the online prediction software LncBase
Predicted (https://diana.e-ce.uth.gr/lncbasev3) database. To
produce expected mutant (Mut) or wild-type (Wt) miR-24-
3p bonding locations, lncRNA DPP10-AS1 segments were
synthesized and cloned into the pGL4.50[luc2/CMV/Hygro]
(RiboBio) vector. Through Lipofectamine 2000 transfection
kit (Invitrogen, USA), 200 ng of luciferase reporter plasmid
carrying lncRNA DPP10-AS1 Wt or Mut 3′UTR was
transfected into LN229 cells. Dual-luciferase reporter
(PromegaTM, Madison, Wisconsin, USA) quantified
luciferase activity 48 h after transfection, as per kit
protocols. Firefly luciferase intensity was standardized using
Renilla luciferase activity. There were three biological
replicates for every three times the dual-luciferase reporter
assay was performed.

Tumor xenograft model
Shanghai Experimental Animal Center in China provided the
female Balb/c athymic nude mice kept in micro-isolated cages
(NASA 1000) with sterile bedding. The Chinese Experimental
Animal Association and Soochow University’s ethics
committee have authorized the facilities where all animal
studies were carried out (SUDA20210708A03). In summary,
tumor cells within logarithmic development phase were
suspended in PBS and afterward administered through
subcutaneous injection into the right axillary region of mice.
Each mouse received a dosage of 1 × 106 cells, and the mice
(weight = 20 g) used within experiment were across 6 and 8
weeks old. Every 5 days following tumor cell inoculation,
the mice were weighed, and the size of the tumor was
determined through formula (a2 × b/2), where ‘a’ is the
width and ‘b’ is the length. After 30 days following the
inoculation of tumor cells, all mice were euthanized while
under the influence of general anesthesia. Subsequently, the
xenografts were collected, their weights were measured, and
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photographs were taken. The xenografts’ expression profiles
for DPP10-AS1 and miR-24-3p were assessed through the
RT-qPCR method.

Statistical analysis
The data underwent analysis through SPSS 20.0 statistical
software. Datasets reflected mean ± standard error (SE). A
t-test probed statistical significance across two cohorts. We
conducted multiple comparisons through a one-way analysis
of variance, while correlation assessment was carried out
employing Pearson’s correlation approach. p < 0.05 was
deemed to confer statistical significance, with assessments all
conducted in triplicate.

Results

Low level of lncRNA DPP10-AS1 in glioblastoma is following
poor prognosis
Based upon published glioma lncRNA sequencing data
(GSE7696 and TCGA-glioblastoma), an online
bioinformatics profile of lncRNA associated with
glioblastomas was conducted for probing molecule-based
control mechanistics for ncRNA within genesis and
advancement for glioblastomas. The screening conditions for
vital down-regulated lncRNA were p-value <0.001 and
Log2FC < -1. The intersections across two databases resulted
in 15 common lncRNA, namely, MIR7-3HG, LINC00320,
RFPL1S, HAR1A, EMX2OS, SLC26A4-AS1, DPP10-AS1,

DCTN1-AS1, PRKAG2-AS1, OIP5-AS1, MIR124-2HG,
LINC00507, LINC00622, and LINC00294 (Fig. 1A). TCGA
data evaluations demonstrated expression of only lncRNA
DPP10-AS1 correlated with patient prognoses, based upon
investigation of lncRNA that may be employed as a
therapeutic target for glioblastomas or prognosis evaluation.
lncRNA DPP10-AS1 from the transcript of functional
gene DPP10, associated with autism, ALS, and
neurodegeneration, was selected for further evaluation.

To verify the bioinformatics results of lncRNA DPP10-
AS1, we collected 43 tumor surgical specimens from
patients with glioblastoma and peritumor tissues. To detect
the expression of the lncRNA DPP10-AS1 through
fluorescence quantitative PCR, total RNA was collected from
the specimens. lncRNA DPP10-AS1 level decreased
significantly in patient-derived glioblastoma specimens
compared with that of peritumor tissues (Fig. 1B).
Depending upon median expression level for lncRNA
DPP10-AS1, participants were categorized within two
cohorts: low- and high-expression cohorts. Patients with low
lncRNA DPP10-AS1 expression showed substantially lower
overall survival (OS) rates in comparison with individuals
having high lncRNA DPP10-AS1 expression, according to
the results of a 2-year follow-up (p = 0.0425; Fig. 1C). An
examination of the TCGA database was done to determine
how lncRNA DPP10-AS1 was expressed in glioblastoma
patients. It was observed that lncRNA DPP10-AS1 was not
highly expressed in glioblastomas (Fig. 1D) and that patients

FIGURE 1. Association of low expression of DPP10-AS1 in glioblastoma tissue with patient survival. (A) GSE7696 and TCGA-glioblastoma
screening for significantly different down-regulated lncRNA in glioblastoma. The criteria for evaluation were Log2|FC| >1 and p-value <0.001.
(B) RT-qPCR of LncRNA DPP10-AS1 expression in 43 patient glioblastoma tissues. (C) Overall survival (OS) curves of glioblastoma patients
with low LncRNA DPP10-AS1 expression and high LncRNA DPP10-AS1 expression. (D) TCGA database analysis of DPP10-AS1 expression.
(E, F) Analysis of the TCGA database demonstrating the correlation across patient OS and progress-free survival (PFS) and DPP10-AS1
expression in glioblastoma tissue. *p <0.05; ***p < 0.001; ****p < 0.0001.
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who had higher levels of lncRNA DPP10-AS1 expression had
longer OS times than those who had lower levels (p = 0.039;
Fig. 1E). PFS analysis revealed that patients with high
lncRNA DPP10-AS1 expression in glioblastoma tissue
exhibited substantially longer PFS than patients with low
lncRNA DPP10-AS1 expression (p = 0.004; Fig. 1F).
Therefore, there is a favorable relationship across lncRNA
DPP10-AS1 expression level within glioblastoma tumor
tissue together with case prognoses.

The overexpression or knockdown of lncRNA DPP10-AS1
impacted glioblastoma cells’ proliferative, invasive, and
migrative properties
Fluorescence quantitative PCR was employed to compare the
lncRNA DPP10-AS1 expression levels within glioma cell lines
(U251, LN229, SNB19, and U87) into healthy human
astrocytes (NHAs). Compared to normal human astrocytes,
the data demonstrated a substantial decrease in glioblastoma
cells’ expression of the lncRNA DPP10-AS1 (p < 0.05).
DPP10-AS1 lncRNA expression levels were significantly
high in SNB19 and U251 cells but lower in LN229 and U87
cells (Fig. 2A). Therefore, lncRNA DPP10-AS1 knockdown
was performed for SNB19 cells. Specific shRNAs (shRNA-1
and shRNA-2) were used. The transfection of lncRNA
DPP10-AS1-targeting shRNAs efficiently suppressed the
endogenous expression of lncRNA DPP10-AS1 within
SNB19 cells (Fig. 2B). Additionally, the lncRNA DPP10-AS1
expression within LN229 cells was elevated through
transfection with the lncRNA DPP10-AS1 overexpression
vector (pcDNA-AS1) (p < 0.05, Fig. 2C).

CCK-8 data demonstrated SNB19 cell growth to be
dramatically suppressed through lncRNA DPP10-AS1
suppression (p < 0.05, Figs. 3A, 3C). In addition, lncRNA
DPP10-AS1 overexpression increased LN229 cell
proliferation and colony formation (p < 0.05, Figs. 3B, 3D).
Additionally, the influence of lncRNA DPP10-AS1
knockdown upon glioblastoma cell invasive and migrative
properties was evaluated through Transwell assay, which
demonstrated that lncRNA DPP10-AS1 knockdown
facilitated SNB19 cell invasive and migrative (Fig. 4A). The
upregulation of lncRNA DPP10-AS1 showed a substantial
suppression of migration and invasiveness by LN229 cells
(p < 0.05, Fig. 4B).

In glioblastoma, the lncRNA DPP10-AS1 was found within
cytoplasm and functioned as a miR-24-3p sponge
One tool that was utilized to forecast the distribution of
lncRNA in five different subcellular components—the
cytoplasm, nucleus, ribosomes, and exosomes—was
lncLocator (http://www.csbio.sjtu.edu.cn/bioinf/lncLocator/).
Findings indicated cytoplasm as main location for lncRNA
DPP10-AS1 (Fig. 5A). Similarly, lncRNA DPP10-AS1
overexpression in SNB19 cells demonstrated through RNA-
FISH experiment that it was primarily found within
cytoplasm (Fig. 5B), and lncRNA DPP10-AS1 had the
highest content within cytoplasm (approximately 80%;
Fig. 5C). The mechanism of competing endogenous RNA
(ceRNA) suggests that lncRNA DPP10-AS1 can function as a
competitive endogenous RNA, participating within regulation
of downstream target gene expression after directly
regulating corresponding intracellular miRNA. This
mechanism could be important within development of tumors.

We explored an online database for potential miRNA
molecules interacting with lncRNA DPP10-AS1. LncBase
Predicted v.3 (https://dianalab.e-ce.uth.gr/html/diana/web/
index.php?r) and miRcode (http://www.mircode.org/) were
utilized. Predicted v.3 predicted 37 miRNAs, while miRcode
predicted 22 miRNAs. There are 6 miRNAs for the
intersection of predicted miRNA: hsa-miR-128-3p, hsa-miR-
338-3p, hsa-miR-211-5p, hsa-miR-204b, hsa-miR-9-5p, and
hsa-miR-24-3p (Fig. 6A). We found that knocking down
lncRNA DPP10-AS1 can significantly elevated miR-24-3p
expression without affecting expression for other miRNA
molecules and lncRNA DPP10-AS1 overexpression can
significantly decrease miR-24-3p expression (p < 0.01, Figs.
6B, 6C). According to lncRNA DPP10-AS1 and miR-24-3p
binding sites predicted online, Wt and Mut luciferase
reporter gene vectors were constructed (Fig. 6D). Then, we
performed luciferase reporter assay with the two
glioblastoma cell lines (SNB19and LN229). When compared
to the miRNA-NC cohort, the Wt lncRNA DPP10-AS1
vector’s miR-24-3p mimics dramatically decreased luciferase
activity (p < 0.01, Fig. 6E). Nevertheless, no changed
luciferase activity was seen within miRNA-NC and miR-24-
3p cohorts within Mut-type lncRNA DPP10-AS1 (p > 0.05,
Fig. 6F), suggesting that lncRNA DPP10-AS1 can absorb
miR-24-3p in SNB19 and LN229 cells.

FIGURE 2.Up- or down-regulation of DPP10-AS1 in glioblastoma cell lines. (A) Fluorescence quantitative PCR analysis for detecting DPP10-
AS1 level of glioblastoma cell lines. (B) PCR analysis on DPP10-AS1 knockdown of SNB19 cells. (C) DPP10-AS1 overexpression of LN229
cells. *p < 0.05; **p < 0.01.
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FIGURE 4. Knockdown or overexpression of LncRNA DPP10-AS1 affected glioblastoma cells’ invasive and migrative abilities. (A) Transwell
assay showed DPP10-AS1 knockdown promoted invasiveness and migration of SNB19 cells (bar: 100 μm). (B) DPP10-AS1 overexpression
inhibited the invasiveness and proliferation of LN229 cells (bar: 100 μm). **p < 0.01.

FIGURE 3. Knockdown or overexpression of lncRNA DPP10-AS1 affected glioblastoma cell proliferation. (A, B) The CCK-8 assay assessed
the impact of DPP10-AS1 knockdown or overexpression on the proliferation of SNB19 or LN229 cells. (C, D) Clonogenic assay verified the
influence of knockdown or overexpression of DPP10-AS1 upon forming ability of SNB19 or LN229 cells. *p < 0.05; **p < 0.01.
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FIGURE 6. LncRNA DPP10-AS1 can act as a sponge for miR-24-3p in glioblastomas. (A) MiRcode and LncBase Predicted v.3 were utilized to
forecast the interacting miRNA of LncRNA DPP10-AS1. The anticipated common miRNA targets of LncRNA DPP10-AS1 are displayed
within Venn diagram. (B) Following LncRNA DPP10-AS1 knockdown, the expression of miRNA was measured through RT-qPCR. (C)
The expression of miRNA after LncRNA DPP10-AS1 overexpression was measured through RT-qPCR assay. (D) The online predicted
lncRNA DPP10-AS1 and miR-24-3p binding sites. (E, F) Detection of DPP10-AS1 and binding activity of miR-24-3p via the luciferase
reporter assay. **p < 0.01.

FIGURE 5. DPP10-AS1 subcellular localization. (A) Bioinformatics prediction of subcellular localization of DPP10-AS1. (B) RNA-FISH analysis
on DPP10-AS1 subcellular localization, fluorescence tracing of intracellular DPP10-AS1 distribution (bar: 200 μm). (C) Fluorescence quantitative
PCR for subcellular DPP10-AS1 quantification.
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FIGURE 7. miR-24-3p expression in glioblastoma cell lines and clinical tumor tissues. (A) RT-qPCR examination of glioblastoma cell lines'
miR-24-3p expression. (B) The expression of miR-24-3p in glioblastoma tumor tissues. (C) The correlation across miR-24-3p and lncRNA
DPP10-AS1 was analyzed using Pearson’s correlation coefficient. *p < 0.05; **p < 0.01; ***p < 0.001.

FIGURE 8. Regulatory effects of miR-24-3p on CHD5. (A, B) The impacts of miR-24-3p up- or down-regulation upon expression of
downstream target genes were revealed through RT-qPCR. (C) Bioinformatics prediction of CHD5 and miR-24-3p binding sites. (D)
Luciferase reporter gene assay indicated the binding activity of CHD5 and miR-24-3p. (E) The Western blot analysis revealed the impact
of downregulating or upregulating miR-24-3p upon expression of CHD5 within experimental setting. *p < 0.05; **p < 0.01.
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RT-qPCR probed miR-24-3p expression within
glioblastoma cultures and clinical tumor samples. MiR-24-
3p expression profiles were considerably greater in U87,
LN229, SNB19, and U251 cells than in NHAs (p < 0.05,
Fig. 7A). When glioblastoma tissues were compared to
peritumoral tissues, miR-24-3p was shown to be
overexpressed (p < 0.001, Fig. 7B). Pearson’s correlation
analysis demonstrated a substantial inverse association
across miR-24-3p expression and the lncRNA DPP10-AS1
expression in glioblastoma tissues (p = 0.002, Fig. 7C).

MiR-24-3p regulated its downstream target gene CHD5
We utilized TargetScan (https://www.targetscan.org/vert_72/)
and MiRnada (http://mirtoolsgallery.tech/mirtoolsgallery/
node/1055) to forecast potential target genes for probing
putative downstream targets for miR-24-3p further.
According to the score, FGFR3, CHD5, and RBP4 were the
most likely downstream target genes regulated through miR-
24-3p. Following that, RT-qPCR examination demonstrated
that transfection of miR-24-3p mimics inhibited CHD5

expression (p < 0.05), enhanced RBP4 expression (p < 0.01),
exhibiting nil function upon FGFR3 expression in SNB19
cells (with low miR-24-3p expression) (Fig. 8A). In cells of
the SNB19 cell line with elevated expression of miR-24-3p,
introducing miR-24-3p inhibitor led to notable increase
CHD5 expression (p < 0.01). Simultaneously, it did not yield
any substantial impact upon expression of FGFR3 and RBP4
(Fig. 8B). The outcomes of the present study suggest that
miR-24-3p can modulate the expression of CHD5.
Luciferase reporter gene vector was developed based upon
predicted binding sequences obtained from an online
database. The vector mutant was constructed through site-
directed mutagenesis, explicitly targeting the attachment site
sequence of CHD5 and miR-24-3p (Fig. 8C). Dataset
outcomes for luciferase experiment indicated introduction of
the miR-24-3p mimic led to considerable repression in
luciferase activity (p < 0.01). Transfecting miR-24-3p mimic,
conversely, did not influence luciferase function for CHD5
wild-type (Wt) cells (Fig. 8D). Data obtained through
Western blot assessment demonstrated miR-24-3p

FIGURE 9. LncRNA DPP10-AS1 regulated CHD5 expression through sponging miR-24-3p. (A) The results obtained from the Western blot
analysis demonstrated that DPP10-AS1 had a role in regulating CHD5 expression in SNB19 cells through its interaction with miR-24-3p. (B)
Clone formation assay to evaluate the role of miR-24-3p on SNB19 cell proliferation through CHD5. (C) The Transwell experiment was
employed to investigate the impact of miR-24-3p on SNB19 cell proliferation and CHD5 regulation (bar: 100 μm). *p < 0.05; **p < 0.01.
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overexpression led to a substantial reduction within CHD5
expression (p < 0.01, Fig. 8E). While inhibition of miR-24-
3p resulted in an upregulation of CHD5 expression.

lncRNA DPP10-AS1 regulated glioblastoma development
through the miR-24-3p/CHD5 axis
We performed Western blot analysis to detect whether
lncRNA DPP10-AS1 affected CHD5 expression through
regulating miR-24-3p in SNB19. For the miR-24-3p
inhibitor-NC cohort, lncRNA DPP10-AS1 knockdown
dramatically reduced CHD5 expression (p < 0.01). The
suppressive potential of shRNA-1 knockdown on CHD5
expression was inhibited through miR-24-3p thwarting
transfection within lncRNA DPP10-AS1 knockdown cohort,
suggesting that miR-24-3p sponging significantly controlled
intracellular expression for lncRNA DPP10-AS1 within
glioblastoma cells. CHD5 expression was decreased due to
LncRNA DPP10-AS1 knockdown, increasing the
intracellular level of miR-24-3p (Fig. 9A).

Further analysis indicated that miR-24-3p mimic
transfection promoted clone formation and the cell
migrative abilities of glioblastoma cells. In SNB19 cells,
CHD5 overexpression significantly repressed colony
formation and cell migrative abilities (p < 0.05). CHD5
overexpression dramatically reduced the impact of
overexpression of miR-24-3p on SNB19 cellular migrative
and colony formation within miR-24-3p mimic cohort (Figs.
9B, 9C).

In vivo, analysis in a subcutaneous xenografts model
further confirmed these findings. Ten days after LN229 cell
inoculation, the width and length of each subcutaneous
tumor were analyzed every 5 days. Tumor-bearing mice
were sacrificed 1 month after tumor cell inoculation, and
xenografts were harvested. The weight of the tumor and

volume declined significantly within lncRNA DPP10-AS1
overexpression cohort (p < 0.01, Figs. 10A–10C). lncRNA
DPP10-AS1 expression level increased significantly within
xenografts of lncRNA DPP10-AS1 overexpression cohort (p
< 0.01, Fig. 10D), whereas miR-24-3p level decreased
significantly (p < 0.01, Fig. 10E).

Discussion

Across multiple investigational models of glioblastoma
formation, lncRNA DPP10-AS1 was shown to downregulate
the transcript level in glioma tissues. lncRNA DPP10-AS1
bound to miR-24-3p competitively and regulated CHD5
expression to suppress the invasive, migrative, and
proliferative capabilities of glioblastoma in vitro, indicating
potential clinical significance of lncRNA DPP10-AS1 and
valuable role in serving as a candidate for glioblastoma
diagnosis and treatment.

Aberrantly expressed functional lncRNA was found in
cell lines and clinical tumor tissue samples, which is crucial
for tumor and tissue remodeling, development, progression,
and therapeutic resistance (Peng et al., 2018). LncRNA
PLAC2 can interact with the transcriptional activator
STAT1 and the promoter of ribosomal protein RPL36 in
gliomas, thereby reducing RP36 expression, inducing cell
cycle arrest, and inhibiting cell proliferation (Hu et al.,
2018). LINC01116 can regulate VEGFA expression in
gliomas through miR-31-5p and participate in tumor
angiogenesis (Ye et al., 2020). within present research,
glioblastomas expressed significantly less lncRNA DPP10-
AS1 than peritumor tissues. The in vitro functional studies
indicated that the SNB19 cell invasiveness, migration, and
proliferation can all be enhanced through lncRNA DPP10-
AS1 suppression.

FIGURE 10. In vivo evaluation of the role of DPP10-AS1 in glioblastoma growth regulation via miR-24-3p. (A) Tumor size in each cohort after
tumor cell inoculation for 30 days. (B) Tumor growth curve 10–30 days after inoculation. (C) Tumor weights 30 days after inoculation. (D and
E) Real-time quantitative PCR analysis on DPP10-AS1 and miR-24-3p levels in xenografts tumor tissues. **p < 0.01.
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Moreover, this effect has been associated with higher
levels of the expression of N-cadherin and vimentin, and
decreased levels of E-cadherin. Furthermore, overexpression
of the lncRNA DPP10-AS1 can reduce the expression levels
of N-cadherin and vimentin, and prevent the migration,
proliferation, and invasion of LN229 cells. A robust
correlation has been observed in earlier research across
development of prostate cancer and lncRNA DPP10-AS1.
Tetramethylpyrazine has been demonstrated to lessen the
aggressiveness of prostate cancer through altering the
DPP10-AS1/CBP/FOXM1 signaling pathway (Zhou et al.,
2020). The anti-tumor impact of lncRNA DPP10-AS1 in
colorectal cancer cells is achieved by upregulating ADCY1
through the regulation of miR-127-3p, hence impeding cell
invasion and proliferation (Liu et al., 2021). LncRNA
DPP10-AS1 predicts unfavorable outcomes in lung cancer
patients through promoting malignant progression through
the epigenetic activation of its cognate gene DPP10 (Tian et
al., 2021). LncRNA DPP10-AS1, as a tumor-regulatory
ncRNA, has essential biological regulatory roles within
development of prostate, colon, and lung cancer. This work
uncovers the clinical significance of lncRNA DPP10-AS1 in
treating glioblastoma through thoroughly investigating its
role and mechanism in glioblastoma development.

LncRNA may act as a miRNA sponge during mRNA
translation or stability regulation, affecting the associated
signaling pathways. lncRNA DPP10-AS1 was disclosed to be
localized in cytoplasm within current studies, which implied
that there may exist a miRNA binding site to lncRNA
DPP10-AS1. through regulating the concentration of specific
miRNA within cytoplasm, the “silencing effect” on its
downstream target gene can be relieved, thereby controlling
the target gene expression. The luciferase reporter gene
experiment revealed that lncRNA DPP10-AS1 has a
complementary binding site that complements miR-24-3p,
demonstrating the mutual interaction across two. In
comparison with NHAs, miR-24-3p level enhanced
abnormally in most glioblastoma cell lines (LN229, U87,
SNB19, and U251) and exhibited a negative correlation with
lncRNA DPP10-AS1 expression. lncRNA DPP10-AS1
inhibited glioblastoma growth via significantly down-
regulating miR-24-3p, thus implying that lncRNA DPP10-
AS1 can inhibit glioblastoma growth through regulating
miR-24-3p, which offered a molecular basis for hindering
glioblastoma progression. Specific target genes involved in
tumor growth, migration, and invasion can be controlled
through miR-24-3p. MiR-24-3p downregulation can inhibit
the growth and propensity for prostate cancer metastasis
(Kong et al., 2021).

While focusing on ING1 of miR-24-3p overexpression
can accelerate the growth of colon cancer (Gao et al., 2020).
Additionally, MiR-24-3p facilitated lung cancer cell
proliferation, migration, and invasion (Wang et al., 2021).
SOX7 and SOX18, two of miR-24-3p’s downstream target
genes, are all linked to the development of cancer, including
lung, colon, and prostate cancer (Cheng et al., 2021).

The present research reveals CHD5 as a novel gene
targeted through miR-24-3p. As mentioned above, the
protein exhibits strong tumor-suppressive properties and
substantially influences (Xu et al., 2022). CHD5 expression

in NSCLC and colorectal cancer can be an independent
prognostic biomarker (Zhu et al., 2019; Zhou et al., 2018).
In addition, CHD5 expression can be regulated through
miRNA in gliomas, influencing the invasion and
proliferation of glioma in vitro (Liu et al., 2018). By
modulating the miR-301b-3p/CHD5 axis, the lncRNA
SLC16A1-AS1 increased radiosensitivity while suppressing
cell proliferation and invasiveness in hepatocellular cancer
(Pei et al., 2020). As a result, CHD5 plays an essential
physiological regulating role in tumor growth. MiR-24-3p
can bind to the 3′UTR of CHD5 and regulate its expression.
Functional investigations demonstrated that overexpression
of CHD5 can effectively inhibit the effect of miR-24-3p
overexpression on the migration and proliferation of
glioblastomas. Because of this, lncRNA DPP10-AS1 can
affect the ability of glioblastoma to proliferate and invade
through controlling the miR24-3p/CHD5 axis.

In conclusion, suppression of the lncRNA DPP10-AS1
was detected in cell lines and clinical samples, and it was
strongly linked to the prognoses and outcomes of
glioblastoma patients. lncRNA DPP10-AS1 controls the
miR24-3p/CHD5 axis, inhibiting glioblastoma invasion and
proliferation. Hence, it can be concluded that lncRNA
DPP10-AS1 has the characteristics of a newly discovered
tumor suppressor, making it a promising candidate for both
diagnostic and therapeutic interventions. Owing to
advancements in RNA-based therapeutics, the regulatory
role of lncRNA DPP10-AS1 is an intriguing therapeutic
target. RNA-based drugs targeting lncRNA DPP10-AS1 can
restore normal glioblastoma expression, suppressing tumor
proliferation and invasion. Additionally, given that lncRNA
DPP10-AS1 modulates the miR-24-3p/CHD5 axis, it can be
used to develop drugs targeting this axis to enhance
treatment outcomes further. This approach may improve
therapeutic efficacy and prognosis for patients with
glioblastoma.
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SUPPLEMENTARY TABLE S1

List of primer sequences that were used within current investigation

Gene Primer sequence: 5′→3′

lncRNA DPP10-AS1 Forward primers: 5′-CAAGTCAAGGAAGGAGAAGGTACA-3′

Reverse primer: 5′-AACGTGTAATGCGATCAAGTCAAG-3′

miR-24-3P Forward primers: 5′-GCCCTCCGTTTTAACGTAAAAC-3′

Reverse primer: 5′-GAAGATGTGCGAGTCAAGTATGTG-3′

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) Forward primers: 5′-GCGGTACAAGAAGGCTGGTAA-3′

Reverse primer: 5′-GCAGCGAGTCAGTTGTGAAATGTG-3′
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