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Abstract
Introduction  The role of DCST1-AS1 has been investigated in several types of cancer, while the role of DCST1-AS1 in 
glioblastoma (GBM) is unclear. This study aimed to investigate the role of DCST1-AS1 in GBM.
Methods  GBM and paired non-tumor tissues were collected from 62 GBM patients. Expression levels of DCST1-AS1 and 
miR-29b in paired tissue samples were determined by RT-qPCR. The role of DCST1-AS1 in regulating the methylation 
of miR-29b was assessed by methylation-specific PCR (MSP). Cell proliferation was analyzed by cell proliferation assay.
Results  It was observed that the upregulation of DCST1-AS1 in GBM predicted poor survival. MiR-29b was downregulated 
in GBM and inversely correlated with the expression of DCST1-AS1. In GBM cells, overexpression of DCST1-AS1 resulted 
in the downregulation of miR-29b and the increased methylation level of miR-29b gene. Overexpression of DCST1-AS1 
resulted in increased cell proliferation. Moreover, Overexpression of DCST1-AS1 significantly reversed the inhibitory effects 
of miR-29b on cancer cell proliferation.
Conclusion  DCST1-AS1 may downregulate miR-29b through methylation in GBM to promote cancer cell proliferation.
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Introduction

Glioblastoma (GBM), also refers to glioblastoma mul-
tiforme, is the most malignant form of brain cancer [1]. 
GBM only affects about 3 per 100,000 adults per year [2]. 
In spite of the low incidence rate, the high mortality rate of 
GBM makes it a major cause of cancer deaths [3, 4]. It has 
been estimated that only 25% GBM patients can survive for 
longer than 1 year after the initial diagnosis even after active 
treatment [3, 4]. Therefore, novel therapeutic approaches are 
needed to improve the survival of GBM patients. However, 

the unclear molecular mechanism of GBM limits the devel-
opment of more effective therapy [5, 6].

The occurrence and development of GBM involve multi-
ple signaling pathways [7, 8]. Importantly, increasing knowl-
edge of the functions of molecular players in GBM pro-
vides novel targets for the development of targeted therapy, 
which aims to suppress cancer development by regulating 
the expression of cancer-related genes [9, 10]. Non-coding 
RNAs (ncRNAs), such as miRNAs and long (> 200 nt) ncR-
NAs (lncRNAs), have no protein-coding capacity but can 
regulate gene expression at multiple levels to participate 
in cancer biology [11]. In effect, regulating the expression 
of lncRNAs is a potential target for cancer therapy [12]. 
However, the functions of most lncRNAs in cancer biol-
ogy remain unknown DCST1-AS1 has been characterized 
as an oncogenic lncRNA in liver cancer and breast cancer 
[13–15], while its role in GBM is unknown. Our preliminary 
RNA-seq analysis revealed the dysregulation of DCST1-AS1 
in GBM and its inverse correlation with miR-29b, which 
plays tumor suppressive roles [16]. This study was, there-
fore, carried out to explore the interaction between DCST1-
AS1 and miR-29b in GBM.
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Methods

Specimen collection

A total of 38 male and 24 female GBM patients (age range 
from 46 to 67 years old, mean age 55.7 ± 5.7 years old) 
were enrolled at Huangshi Central Hospital between July 
2016 and July 2018. This study was approved by the Ethics 
Committee of the hospital. All GBM patients were newly 
diagnosed cases and the diagnosis was made based on MRI 
imaging and histopathological biopsy. Patients complicated 
with other diseases and who had initiated therapies were 
excluded. All patients signed the written informed consent. 
Biopsy was performed on all patients to collect paired GBM 
and non-tumor tissues. All tissue samples were confirmed 
by histopathological exam.

Treatment and follow‑up

All patients were treated with Temozolomide, while the dos-
age varied according to the health and disease conditions of 
the patients. From the day of admission, all patients were 
visited monthly through telephone for a total of 12 months. 
All 62 patients completed the follow-up. Patients who died 
of causes unrelated to GBM were not included in the 62 
patients.

GBM cells

Two human GBM cell lines U87 and U251 (ATCC) were 
used. Cell culture medium was composed of 90% DMEM 
and 10% FBS. Cells were cultivated in an incubator at 37 °C 
with 95% humidity and 5% CO2.

Transient transfection

To construct DCST1-AS1 expression vector, the full length 
of DCST1-AS1 cDNA (NCBI Accession: NR_040772.1) 
was cloned using the Phusion® DNA Polymerase (NEB) with 
the following PCR conditions: 98 °C for 1 min, followed by 
30 cycles of 98 °C for 10 s, 59 °C for 10 s and 72 °C for 
1 min, and then 72 °C for 5 min. After that, the full length 
cDNA of DCST1-AS1 was inserted into pcDNA3.1 vector 
(Invitrogen). Negative control (NC) miRNA and the mimic 
of miR-29b were the products of Sigma-Aldrich (USA). 
Empty vector (1 µg) and/or miRNA (50 nM) was transfected 
into 108 cells through lipofectamine 2000 (Invitrogen)-medi-
ated transient transfections. Transfection with empty vector 
or NC miRNA was also performed to serve as NC group. 
Cells without transfections were cultivated until the end of 

transfection and used as the Control (C). Transfected cells 
were further cultivated for 48 h before use.

RNA preparations

Total RNAs were isolated from paired GBM and non-tumor 
tissue samples as well as U87 and U251 cells using Ribozol 
reagent (VWR). Genomic DNAs were removed by incubat-
ing RNA samples with gDNA eraser (Takara) at 37 °C for 
2 h.

RT‑qPCR assay

Reverse transcriptions were performed using QuantiTect 
Reverse Transcription Kit (QIAGEN) with RNA samples 
as a template to synthesize cDNAs. With cDNAs as tem-
plate, SYBR Green Master Mix (Bio-Rad) was used to 
perform qPCRs with 18S rRNA as endogenous control to 
measure the expression levels of DCST1-AS1. To analyze 
the expression levels of mature miR-29b, addition of poly 
(A) to mature miRNAs, miRNA reverse transcriptions and 
qPCR reactions were performed using All-in-One™ miRNA 
qRT-PCR reagent kit (GeneCopoeia). U6 was used as the 
endogenous control of miR-29b. Three replicate reactions 
were included in each experiment and data were normalized 
using 2−ΔΔCT method.

Methylation‑specific PCR (MSP)

U87 and U251 cells were subjected to genomic DNA 
extraction suing PureColumn DNA Extraction Kit 
(BIORON GmbH). DNA Methylation-Gold™ kit (ZYMO 
RESEARCH) was used to convert DNA samples. Taq 2X 
Master Mix (NEB) was used to perform MSP to analyze the 
methylation of miR-29b gene.

CCK‑8 assay

U87 and U251 cells were subjected to cell proliferation 
assay after transfection. A 96-well cell culture plate (3000 
cells in 0.1 ml culture medium per well) was used to cul-
tivate cells at 37 °C. OD values were measured at 450 nm 
every 24 h for a total of 96 h. At 4 h before the measurement 
of OD values, CCK-8 solution was added into each well to 
reach the final concentration of 10%.

Statistical analysis

Three replicate reactions were included in each experi-
ment and data were expressed as mean ± standard deviation 
(SD) values. Paired t test was used to compare differences 
between paired tissues. ANOVA Tukey’s test was used to 
compare differences among multiple groups. The 62 GBM 
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patients were divided into high and low DCST1-AS1 level 
groups (n = 31, median DCST1-AS1 level in GBM as cutoff 
value). Survival curves of both groups were plotted based on 
follow-up data. Log-rank test was used to compare survival 
curves. Correlations were analyzed by linear regression. 
P < 0.05 was considered as statistically significant.

Results

Upregulation of DCST1‑AS1 in GBM predicted poor 
survival

To detect the differential expression of DCST1-AS1 in 
GBM, the expression levels of DCST1-AS1 in paired GBM 
and non-tumor tissue samples were measured by RT-qPCR. 
Compared with non-tumor tissues, GBM tissues exhib-
ited significantly higher expression levels of DCST1-AS1 
(Fig. 1a, p < 0.001). Survival curves were plotted for both 
high and low DCST1-AS1 level groups. Compared with low 
DCST1-AS1 level groups, patients in high DCST1-AS1 level 
group showed lower overall survival rate (Fig. 1b). Multi-
variate Cox regression analysis showed that high expression 
levels of DCST1-AS1 was an independent prognostic fac-
tor for overall survival of GBM patients. The risk ratio was 
2.64, 95% CI was 3.33–5.12, and the p value was 0.014.

MiR‑29b was downregulated in GBM and inversely 
correlated with the expression of DCST1‑AS1

To analyze the differential expression of miR-29b in GBM, 
the expression levels of miR-29b in paired GBM and non-
tumor tissue samples were also measured by RT-qPCR. 
Compared with non-tumor tissues, GBM tissues exhibited 
significantly lower levels of miR-29b (Fig. 2a, p < 0.001). 

Correlation analysis showed that the expression levels of 
DCST1-AS1 and miR-29b were inversely and significantly 
correlated with each other across GBM tissues (Fig. 2b), but 
not in non-tumor tissues (Fig. 2c).

Overexpression of DCST1‑AS1 led 
to the downregulation of miR‑29b and the increased 
methylation level of miR‑29b gene

The close correlation between DCST1-AS1 and miR-29b 
indicated the potential interaction between them. To ana-
lyze the interaction between DCST1-AS1 and miR-29b, U87 
and U251 cells were transfected with either DCST1-AS1 
expression vector or miR-29b mimic, and transfections were 
confirmed by RT-qPCR (Fig. 3a, p < 0.05). Overexpression 
of DCST1-AS1 resulted in the downregulation of miR-29b 
(Fig. 3b, p < 0.05), while overexpression of miR-29b did not 
affect the expression of DCST1-AS1 (Fig. 3c). MSP was per-
formed to analyze the effects of overexpression of DCST1-
AS1 on the methylation of miR-29b. Compared with cell 
transfected with empty pcDNA3.1 vector, cells transfected 
with DCST1-AS1 expression vector showed significantly 
increased methylation of miR-29b gene (Fig. 3d). Therefore, 
overexpression of DCST1-AS1 may downregulate miR-29b 
by increasing the methylation of miR-29b gene.

DCST1‑AS1 promoted GBM cell proliferation 
through miR‑29b

The effects of DCST1-AS1 and miR-29b on the prolifera-
tion of U87 and U251 cells were assessed by cell prolif-
eration assay. Compared with the C group, overexpression 
of DCST1-AS1 resulted in increased cell proliferation rate. 
Moreover, overexpression of DCST1-AS1 significantly 
reversed the inhibitory effects of miR-29b on cancer cell 

Fig. 1   Upregulation of DCST1-AS1 in GBM predicted poor sur-
vival. To detect the differential expression of DCST1-AS1 in GBM, 
the expression levels of DCST1-AS1 in paired GBM and non-tumor 
tissue samples were measured by performing RT-qPCR. PCR reac-
tions were repeated three times and mean values were presented (a), 

***p < 0.001. The 62 GBM patients were divided into high and low 
DCST1-AS1 level groups (n = 31) with the median level of DCST1-
AS1 in GBM tissues as the cutoff value. Survival curves of both 
groups were plotted based on follow-up data. Log-rank test was used 
to compare survival curves (b)
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proliferation (Fig. 4, p < 0.05). Therefore, DCST1-AS1 may 
downregulate miR-29b to promote the proliferation of GBM 
cells.

Discussion

This study assessed the interaction between DCST1-AS1 
and miR-29b in GBM. We found that DCST1-AS1 was 
upregulated in GBM and predicted poor survival. In addi-
tion, DCST1-AS1 may downregulate miR-29b through 
methylation to promote the proliferation of GBM cells.

The function of DCST1-AS1 has been studied in multi-
ple types of cancer, such as liver cancer and breast cancer 
[13–15]. DCST1-AS1 is overexpressed in liver cancer and 
it interacts with the AKT/mTOR signaling pathway and the 
miR-1254/FAIM2 axis to promote the migration and pro-
liferation of GBM cells [13, 14]. In breast cancer, DCST1-
AS1 is also overexpressed and forms a positive regulation 
loop with miR-873-5p and MYC to promote cell migration 
and proliferation [15]. To the best of our knowledge, this 
study is the first to report the upregulation of DCST1-AS1 in 
GBM. In addition, overexpression of DCST1-AS1 resulted 
in increased proliferation rate of GBM cells. Therefore, 
DCST1-AS1 may promote GBM by enhancing cell prolif-
eration. It is also worth noting that the roles of DCST1-
AS1 in the regulation of other behaviors of GBM cells, such 
as stemness, invasion, apoptosis and migration were also 

explored, while no significant effects of the overexpression 
of DCST1-AS1 on these behaviors were observed (data not 
shown). The possible explanation is that GBMs were all 
stage IV glioma and the behaviors of GBM cells may be 
different from other types of cancer cells.

Compared with other types of cancer, the prognosis of 
GBM is generally poor [3, 4]. In this study, we showed that 
the high expression levels of DCST1-AS1 before therapy are 
closely correlated with the poor survival of GBM patients. 
Therefore, measuring the expression levels of DCST1-AS1 
before treatment may assist the prognosis of GBM patients, 
thereby guiding the determination of treatment approaches 
and improving survival of patients.

MiR-29b plays tumor-suppressive roles in different types 
of cancer including GBM [16, 17]. In effect, the downregula-
tion of miR-19b may serve as a diagnostic and prognostic 
marker for GBM [17]. Consistently, our study also reported 
the downregulation of miR-29b in GBM. In addition, over-
expression of miR-29b led to decreased proliferation rate 
of GBM [17]. Interestingly, overexpression of DCST1-AS1 
resulted in increased methylation of miR-29b, thereby down-
regulating the expression of miR-29b. For instance, DCST1-
AS1 sponges miR-1254 to upregulate FAIM2, thereby 
promoting the progression of liver cancer [15]. In another 
study, DCST1-AS1 forms a positive regulation loop with 
miR-873-5p and MYC to promote the metastasis and prolif-
eration of breast cancer cells [16]. Therefore, DCST1-AS1 
may participate in cancer biology mainly by interacting with 

Fig. 2   MiR-29b was downregu-
lated in GBM and inversely cor-
related with the expression of 
DCST1-AS1. To detect the dif-
ferential expression of miR-29b 
in GBM, the expression levels 
of miR-29b in paired GBM and 
non-tumor tissue samples were 
measured by RT-qPCR. PCR 
reactions were repeated three 
times and mean values were 
presented (a), ***p < 0.001. 
Linear regression was used 
to analyze the correlations 
between the expression levels 
of DCST1-AS1 and miR-29b 
across GBM tissues (b), but not 
in non-tumor tissues (c)
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miRNAs in different ways. It is worth noting that DCST1-
AS1 and miR-29b were only inversely correlated with each 
other across GBM tissues but not in non-tumor tissues. 
Therefore, the interaction between DCST1-AS1 and miR-
29b is likely GBM-specific and certain pathological factors 

may mediate the interaction between them. Our future stud-
ies will try to identify these factors.

In conclusion, DCST1-AS1 is upregulated in GBM and 
miR-29b is downregulated in GBM. In addition, DCST1-
AS1 may downregulate miR-29b through methylation to 
promote the proliferation of GBM cells.

Fig. 3   Overexpression of DCST1-AS1 led to downregulation of miR-
29b and the increased methylation level of miR-29b gene. To analyze 
the interaction between DCST1-AS1 and miR-29b, U87 and U251 
cells were transfected with either DCST1-AS1 expression vector or 
miR-29b mimic, and the overexpression of DCST1-AS1 and miR-
29b was confirmed by RT-qPCR (a). The effect of overexpression 

of DCST1-AS1 on miR-29b (b) and the effects of overexpression of 
miR-29b on DCST1-AS1 (c) were also analyzed by RT-qPCR. MSP 
was performed to analyze the effects of overexpression of DCST1-
AS1 on the methylation of miR-29b (d). Experiments were repeated 
three times and mean ± SD values were presented. U unmethylation, 
M methylation; *p < 0.05
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Fig. 4   DCST1-AS1 pro-
moted GBM cell proliferation 
through miR-29b. The effects 
of DCST1-AS1 and miR-29b 
on the proliferation of U87 
and U251 cells were analyzed 
by performing cell prolifera-
tion assay. Experiments were 
repeated three times and 
mean ± SD values were pre-
sented. *p < 0.05
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