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Introduction: LncRNA SLC16A1-AS1 has been characterized as a critical player in lung 
cancer, while its role in glioblastoma (GBM) is unknown. By analyzing the TCGA dataset, 
we observed the upregulation of SLC16A1-AS1 expression in GBM. Therefore, we aimed to 
investigate the role of SLC16A1-AS1 in this cancer.
Methods: GBM tissues and paired non-tumor tissues were collected from 62 GBM patients 
through biopsy. RT-qPCR was performed to determine the expression of SLC16A1-AS1 and 
miR-149. Linear regression was used to analyze their correlations. The relationship between 
SLC16A1-AS1 and miR-149 was assessed by gain and loss of function experiments. 
Methylation-specific PCR (MSP) and bisulfite sequencing PCR (BSP) were performed to 
analyze the methylation status of miR-149. Cell proliferation was evaluated by CCK-8 assay 
and colony formation experiments in GBM cells.
Results: We found that SLC16A1-AS1 expression was upregulated in GBM tissues, and the 
upregulated expression of SLC16A1-AS1 predicted poor survival of GBM patients. MiR-149 
was downregulated in GBM tissues and inversely correlated with the expression of 
SLC16A1-AS1. In GBM cells, overexpression of SLC16A1-AS1 downregulated the expres-
sion of miR-149 and increased the methylation of miR-149 gene. In cell proliferation and 
colony formation assay, overexpression of SLC16A1-AS1 reduced the inhibitory effects of 
miR-149 on GBM cell proliferation.
Conclusion: SLC16A1-AS1 may promote GBM cell proliferation by regulating miR-149 
methylation. SLC16A1-AS1 can be considered as a potential diagnostic marker in GBM.
Keywords: GBM, SLC16A1-AS1, miR-149, methylation, proliferation

Introduction
Glioblastoma (GBM) is the advanced stage of glioma and characterized by an 
unacceptably high mortality rate.1–4 After initial diagnosis, GBM patients usually 
survive for no longer than 18 months. In fact, only less than 5% of GBM patients 
can survival for more than 5 years after the initial diagnosis.5,6 The treatment of 
GBM is challenged by the lack of effective therapeutic approaches.7 Chemotherapy 
and radiotherapy are frequently applied in the treatment of GBM, while the 
resistance of chemotherapy and radiotherapy usually inevitably developed,8,9 lead-
ing to poor treatment outcomes.10 Therefore, novel treatment strategies are needed 
to improve the survival of GBM patients.

Targeted therapies are emerging as novel therapeutic approaches that aim to 
suppress disease progression by regulating disease-related genes.11,12 Some signaling 
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pathways, such as the PI3K/Akt/mTOR signaling pathway 
and the NOTCH signaling pathway have been proven to be 
the potential targets for GBM targeted therapies.13,14 Non- 
coding RNAs (ncRNAs), such as miRNAs and long non- 
coding RNAs (lncRNAs), do not encode protein product, but 
regulate the expression of target genes and participate in 
cancer biology.15–17 Therefore, ncRNAs are considered as 
potential targets for cancer therapy.18 NcRNAs not only 
directly participate in the progression of GBM,19 but also 
serve as diagnostic and prognostic biomarkers for this 
disease.20–22 Therefore, functional characterization of 
ncRNAs in cancer development and progression is needed. 
LncRNA SLC16A1-AS1 has been characterized as a critical 
player in lung cancer,23 while its role in glioblastoma 
(GBM) is unknown. By analyzing the TCGA dataset for 
transcriptomic analysis (http://gepia.cancer-pku.cn),24 we 
observed the upregulation of SLC16A1-AS1 expression in 
GBM (see Supplement Figure 1).2,25 2 It has been well 
established that miR-149 is epigenetically silenced in 
GBM, and its overexpression not only suppresses tumor 
cell proliferation but also increases the sensitivity of cancer 
cells to chemotherapy.26–29 We, therefore, investigated the 
role of SLC16A1-AS1 in GBM and its potential interaction 
with miR-149 in this study.

Materials and Methods
Patients and Tissues
GBM and adjacent paired non-tumor tissues were obtained 
from 62 GBM patients (32 males and 30 females, age 
range of 52 to 72 years old, mean age of 67.8 ± 4.9 
years old) admitted at Cangzhou Central Hospital between 
May 2015 and May 2017 through biopsy. The clinical 
characteristics of GBM patients are shown in Table 1. 
This study was approved by the Ethics Committee of 
Cangzhou Central Hospital (ChiCTR2000033771) and 
conducted in accordance with the Declaration of 
Helsinki. GBM patients with initiated therapy were 
excluded from this study. No recurrent GBM patients 
were included. No other severe clinical disorders, such as 
diabetes, heart diseases and severe infections, were 
observed in these patients. All GBM patients signed the 
written form of informed consent.

A 2-Year Follow-Up Study
From the day of admission, the 62 patients with GBM 
were followed up for 2 years. Patients were visited through 
a telephone call. Patients’ survival conditions were 

recorded. Patients who died of causes unrelated to GBM 
were excluded from this study. All the 62 patients com-
pleted the follow-up study.

U87 and U-118 MG Cells and Cell 
Transfections
To perform in vitro cell experiments, human GBM cell 
lines U87 (ATCC-HTB-14) and U-118 MG (ATCC-HTB 
-15, USA) were used. The cell culture medium was 
DMEM contained 10% FBS and 1% penicillin/streptomy-
cin. Cells were cultured in a 5% CO2 incubator (95% 
humidity) at 37 °C. Following experiments were carried 
out when 80% confluence was reached. Mimic of miR-149 
and negative control (NC) miRNA were purchased from 
Sigma-Aldrich. Backbone vector expressing SLC16A1- 
AS1 (NCBI Accession: NR_103743.1) was constructed 
with pcDNA3.1 vector (Invitrogen). The vector construc-
tion service was provided by Invitrogen. Transient trans-
fections were performed using lipofectamine 2000 
(Invitrogen) in U87 and U-118 MG cells (106) with an 
expression vector (1 µg per reaction) or miRNA (40 nM). 
All procedures were completed following the instructions 
from Invitrogen. NC miRNA- or empty vector-transfected 
cells were NC cells. Untransfected cells were used as 

Table 1 Relationship Between SLC16A1-AS1 Expression and 
Clinical Pathological Characteristics of GBM Patients

Characteristics Total 
Number 
(n=62)

SLC16A1-AS1 
Expression

P value

Low 
(n=31)

High 
(n=31)

Sex 0.247

male 32 15 17
female 30 16 14

Age (years) 0.315
≥ 60 34 16 18

< 60 28 14 14

Clinical stage 0.026

I 10 7 3

II 32 18 14
III 11 3 8

IV 9 2 7

KPS score 0.021

≥ 90 24 15 9

< 90 38 14 24

Abbreviation: KPS, Karnofsky performance status.
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control (C) cells. At 48 h post-transfection, cells were 
harvested and subjected to do the following experiments.

Methylation-Specific PCR (MSP) and 
Bisulfite Sequencing PCR (BSP)
To study the role of SLC16A1-AS1 in regulating the 
methylation of miR-149 gene, genomic DNAs were iso-
lated from U87 cells using the Genomic DNA Extraction 
Kit (ab156900, Abcam). The Methylation-GoldTM kit 
(ZYMO RESEARCH) was used to convert genomic 
DNA samples, and MSP reactions were performed using 
Taq 2× master mix (NEB) to analyze the methylation of 
miR-149 gene. Each PCR was performed with 20 ng 
genomic DNA as a template. PCR conditions were: 95 ° 
C for 5 min, then 30 cycles of 95 °C for 30 s, 55 °C for 30 
s and 72 °C for 32 s, followed by 72 °C for 5 min. The 
amplicon was the full-length miR149 precursor.

After bisulfite conversion of genomic DNA, the proximal 
promoter of miR-149 was amplified by PCR, and then the 
PCR products were gel-purified and cloned into pcDNA3.1 
vector. Individual bacterial colonies were sequenced using 
vector-specific primers and 10 colonies were sequenced for 
analyzing the overall miR-149 methylation status. The pri-
mer sequences for MSP and BSP are listed in Table 2.

RNA Isolation
Total RNAs were isolated from U87 cells collected at 48 
h post-transfection and paired tissue samples using 
RNAzol reagent (Sigma-Aldrich). All RNA samples were 
digested with DNase I (Sigma-Aldrich) at 37 °C for 2 h to 
completely remove genomic DNAs. Analysis of RNA 
integrity was performed using a 6% Urine-PAGE gel. 
The RNA concentration was measured by NanoDrop 
Spectrophotometers (Thermo Scientific) and the ratio of 
A260/A280 were all among 1.8–2.0, which indicated the 
high quality of RNA.

RT-qPCR Assay
A Reverse Transcription System (A5003, Promega 
Corporation) was used to reverse transcribe RNA samples 
(from both in vitro cultivated cells and paired tissues) with 
satisfactory quality into cDNAs. With cDNAs as a template, 
qPCRs reactions were prepared using SYBR Green qPCR 
Kit (BioCat GmbH). The expression of SLC16A1-AS1 was 
determined with 18S rRNA as internal. The expression of 
mature miR-149 was determined through the following 
steps: 1) addition of poly (A) to mature miRNAs; 2) 
miRNA reverse transcriptions; 3) qPCR reactions. All 
these three steps were completed using the Genecopoeia All- 
in-One™ miRNA qRT-PCR Reagent Kit. U6 was used as 
the internal control of miR-149. Primer sequences are sum-
marized in Table 1. PCR conditions were: 95 °C for 5 min, 
then 40 cycles of 95 °C for 30 s and 58 °C for 30 s. Each 
experiment was completed in 3 replicate PCR reactions. Ct 
value normalizations were performed using the 2−ΔΔCt 

method as previously reported.30–32

Cell Counting Kit 8 (CCK-8) Assay and 
Colony Formation
To analyze the proliferation of U87 cells, cells were har-
vested at 48 h post-transfection and counted. Each well of 
a 96-well plate was filled with 4500 cells in 0.1 mL 
medium, followed by cell culture at 37 °C. To analyze 
cell proliferation, OD values at 450 nm were measured 
every 24 h for a total of 4 days. At 4 h before the 
measurement of OD values, 10 µL CCK-8 solution was 
added into each well. The OD value of C group at 96 
h was set to 100%, and all other groups and other time 
points were normalized to this value to calculate the rela-
tive cell proliferation. For colony formation, cells were 
then seeded into a 6-well plate at a density of 2000 cells/ 
well, after 2 weeks of culture, cells were fixed and stained 
using 0.1% crystal violet. The colonies were calculated 
and recorded by phase inversion microscope (Olympus).

Table 2 Sequences of Primers Used in PCR

Name Forward Primer (5ʹ-3ʹ) Reversed Primer (5ʹ-3ʹ)

miR-149 (MSP) methylation GAGTTTCGTAGAAGGAAGTTAGCG CACGAAAATAAAAACACGAAA

miR-149 (MSP) unmethylation GGAGTTTTGTAGAAGGAAGTTAGTGG AAACACAAAAATAAAAACACAAA
miR-149 (BSP) GTTGTGTTGGGGTAGTTGGAA CCCCACCTACAAATTCTAAAAA

SLC16A1-AS1 TGGACGATGCATATGTGGGG CACGTTGGTTATGCGGTCAC

miR-149 TCTGGCTCCGTGTCTTCAC ACTGACTGATGCAATCTCAA
U6 TGCGGGTGCTCGCTTCGGCAGC CCAGTGCAGGGTCCGAGGT

18S rRNA GGCCCTGTAATTGGAATGAGTC CCAAGATCCAACTACGAGCTT
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Statistical Analysis
Differences between paired tissues were compared by 
paired t-test. Comparisons among multiple groups were 
conducted using ANOVA Tukey’s test. Correlations were 
analyzed by linear regression. Data were expressed as 
either mean value or mean ± SEM values. To perform 
survival analysis, the 62 patients were divided into high 
and low SLC16A1-AS1 level groups (n = 31). The cutoff 
value was the median level of SLC16A1-AS1 expression 
in GBM tissues. Survive curves were plotted using follow- 
up data. Log-rank test was used to compare survival 
curves. P < 0.05 was considered as statistically significant.

Results
Overexpression of SLC16A1-AS1 is 
Correlated with the Poor Survival of 
GBM Patients
The expression of SLC16A1-AS1 in GBM patients was first 
explored by analyzing the TCGA dataset using an online 
program GEPIA (http://gepia.cancer-pku.cn/). It was 
observed that the expression levels of SLC16A1-AS1 were 
higher in GBM tissues than that in non-tumor tissues 
(Supplementary Figure 1). The averaged relative expression 
levels of SLC16A1-AS1 in GBM and non-tumor tissues were 
1.29 and 0.87, respectively. To further confirm the upregula-
tion of SLC16A1-AS1 in GBM, RT-qPCR was performed to 
detect the expression of SLC16A1-AS1 in GBM and paired 
non-tumor tissues. Compared with non-tumor tissues, the 
expression levels of SLC16A1-AS1 were significantly higher 
in GBM tissues (Figure 1A, p < 0.001). Survival analysis 
showed that, compared with the low-level SLC16A1-AS1 

group, much lower overall survival rate was observed in the 
high-level SLC16A1-AS1 group (Figure 1B, p < 0.05).

MiR-149 Was Downregulated in GBM 
and Inversely Correlated with 
SLC16A1-AS1
Expression of miR-149 in GBM and paired non-tumor 
tissues was determined by RT-qPCR. Compared with non- 
tumor tissues, the expression levels of miR-149 were sig-
nificantly lower in GBM tissues (Figure 2A, p < 0.001). 
Correlation analysis showed that the expression of miR- 
149 and SLC16A1-AS1 were inversely and significantly 
correlated across GBM tissues (Figure 2B), but not across 
non-tumor tissues (Figure 2C).

Overexpression of SLC16A1-AS1 
Downregulated miR-149 Through 
Methylation in U87 and U-118 MG Cells
The close correlation between SLC16A1-AS1 and miR- 
149 across GBM tissues indicated the possible interaction 
between them. To explore the possible interaction between 
SLC16A1-AS1 and miR-149, U87 and U-118 MG cells 
were transfected with either SLC16A1-AS1 expression 
vector or miR-149 mimic. RT-qPCR was performed to 
confirm the overexpression of SLC16A1-AS1 and miR- 
149 in U87 and U-118 MG cells (Figure 3A, p < 0.05). 
Compared with the two controls, overexpression of 
SLC16A1-AS1 resulted in the downregulation of miR- 
149 (Figure 3B, p < 0.05), while overexpression of miR- 
149 did not affect the expression of SLC16A1-AS1 
(Figure 3C). MSP was performed to analyze the effects 
of overexpression of SLC16A1-AS1 on the methylation of 

Figure 1 Overexpression of SLC16A1-AS1 is correlated with the poor survival of GBM patients. Expression of SLC16A1-AS1 in GBM and paired non-tumor tissues was 
determined by RT-qPCR. Mean values of three technical replicates were presented and compared between paired tissues using paired t-test (A), ***p < 0.001. The 62 
patients were divided into high and low SLC16A1-AS1 level groups (n = 31). The cutoff value was the median level of SLC16A1-AS1 expression in GBM tissues. Survive 
curves were plotted based on the 2 years’ follow-up data. Log-rank test was used to compare survival curves (B).
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miR-149 gene. Compared with empty vector-transfected 
cells, overexpression of SLC16A1-AS1 increased methy-
lation of miR-149 gene (Figure 3D). Based on the quanti-
fication analysis, BSP was performed to analyze the 
overall methylation status of miR-149 gene (12 CpG 
sites) in SLC16A1-AS1-overexpression cells and empty 
vector-transfected cells, the results showed the methyla-
tion levels were 58.3% and 23.3%, respectively 
(Figure 3E). Therefore, SLC16A1-AS1 was likely an 
upstream inhibitor of miR-149 in GBM.

SLC16A1-AS1 Reduced the Inhibitory 
Effects of miR-149 on Cell Proliferation
The proliferation of U87 and U-118 MG cells with 
SLC16A1-AS1 and/or the overexpression of miR-149 

was assessed by CCK-8 assay. Increased proliferation of 
U87 cells was observed after the overexpression of 
SLC16A1-AS1, while overexpression of miR-149 resulted 
in decreased cell proliferation rate. Moreover, SLC16A1- 
AS1 reduced the inhibitory effects of miR-149 on GBM 
cell proliferation (Figure 4A and B, p < 0.05). However, to 
further confirm these effects of SLC16A1-AS1 and miR- 
149, we performed a colony formation assay, the results 
also showed overexpression of SLC16A1-AS1 could 
increase the tumor cell expansion, but this effect would 
be reversed by miR-149 (Figure 4C, p < 0.05), which 
implicated the similar results as well as CCK-8 assay.

Discussion
This study investigated the interaction between SLC16A1- 
AS1 and miR-149 in GBM. We found that SLC16A1-AS1 

Figure 2 MiR-149 was downregulated in GBM and inversely correlated with SLC16A1-AS1. Expression of miR-149 in paired GBM and non-tumor tissues was also 
determined by RT-qPCR. Mean values of three technical replicates were presented and compared between paired tissues using paired t-test (A), ***p < 0.001. Correlations 
between levels of miR-149 and SLC16A1-AS1 expression across GBM tissues (B and C) were analyzed by linear regression.
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was overexpressed in GBM and its overexpression pre-
dicted the poor survival of GBM patients. Moreover, 
SLC16A1-AS1 might regulate miR-149 methylation to 
promote cell proliferation.

A recent study has characterized SLC16A1-AS1 as 
a tumor suppressor in NSCLC.23 It was observed that 
SLC16A1-AS1 was downregulated in NSCLC and might 
regulate the RAS/MEK/ERK pathway to suppress cell pro-
liferation and induce cell cycle progression.23 In contrast, we 
observed the upregulation of SLC16A1-AS1 in GBM by 
exploring the TCGA dataset. The overexpression of 
SLC16A1-AS1 in GBM was confirmed by measuring its 

expression levels in GBM and paired non-tumor tissues. 
Moreover, we also observed an increased cell proliferation 
rate of GBM cells after the overexpression of SLC16A1- 
AS1. Therefore, SLC16A1-AS1 may play an oncogenic role 
in GBM by promoting cell proliferation. So, SLC16A1-AS1 
may play different roles in different types of cancer.

The overall survival of GBM patients is extremely poor 
even after conventional treatment.5,6 Due to the lack of 
effective treatment approaches, the therapy outcome of 
GBM is unlikely to be significantly improved in the near 
future. Therefore, an accurate prognosis of GBM as an alter-
native approach may guide the determination of treatment 

Figure 3 Overexpression of SLC16A1-AS1 downregulated miR-149 through methylation in U87 and U-118 MG cells. To explore the possible interaction between 
SLC16A1-AS1 and miR-149, U87 and U-118 MG cells were transfected with either SLC16A1-AS1 expression vector or miR-149 mimic. RT-qPCR was performed to confirm 
the overexpression of SLC16A1-AS1 and miR-149 in U87 and U-118 MG cells (A). The effects of SLC16A1-AS1 overexpression on miR-149 (B) and the effects of miR-149 
overexpression on SLC16A1-AS1 (C) were also explored by RT-qPCR. MSP was performed to analyze the effects of SLC16A1-AS1 overexpression on the methylation of 
miR-149 gene (D). BSP was also performed in U87 cell lines to detect the overall methylation status of miR-149, the result showed SLC16A1-AS1 increase the methylation 
levels compared to control cell (58.3% versus 23.3%) (E). M, methylation; U, unmethylation; ○: CpG site unmethylation; ●: CpG site methylation; mean values were 
presented and compared, *p < 0.05. 
Abbreviation: ns, non-significance.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2021:13 1220

Long et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


strategies, thereby improving treatment outcomes. In this 
study, we showed that high expression levels of SLC16A1- 
AS1 were closely correlated with the poor survival of GBM 
patients. Therefore, measurement of the expression of 
SLC16A1-AS1 before therapy may provide useful informa-
tion to predict the survival of GBM patients.

MiR-149 has been characterized as a tumor-suppressive 
miRNA in breast cancer.25 In this study, we showed that 
miR-149 plays a tumor-suppressive role in GBM cancer by 
suppressing cell proliferation. Consistently, one previous 
study also reported the inhibitory effects of miR-149 over-
expression on GBM cell proliferation.26 However, based on 
our knowledge, the upstream regulator of miR-149 has not 
been well studied. In this study, we showed that SLC16A1- 

AS1 could downregulate miR-149 through methylation. 
Since there were many reasons for the silent expression of 
the target gene, DNA methylation was one of causes,33,34 so 
we hypothesize if methylation could be involved in this. In 
effect, miR-149 was also reported to be epigenetically 
silenced in GBM.29 Interestingly, we showed that SLC16A1- 
AS1 and miR-149 were only inversely correlated across 
GBM tissues, but not across non-tumor tissues, suggesting 
that the interaction between them may be mediated by certain 
pathological factors. It is worth noting that our preliminary 
dual-luciferase reporter assay revealed no significant differ-
ences in luciferase activity between cells transfected with 
SLC16A1-AS1 luciferase vector + miR-149 mimic and 
cells transfected with SLC16A1-AS1 luciferase vector + 

Figure 4 SLC16A1-AS1 reduced the inhibitory effects of miR-149 on U87 and U-118 MG cell proliferation. The proliferation of U87 (A) and U-118 MG (B) cells with 
overexpression of SLC16A1-AS1 and/or miR-149 was analyzed by CCK-8 assay. Cell proliferation was recorded every 24 h for a total of 96 h. Colony formation assay was 
also showed overexpression of SLC16A1-AS1 could increase the tumor cell expansion, but this effect would be reversed by miR-149 (C). Mean values of three replicates 
were presented and compared, *p < 0.05.
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NC miRNA (Supplementary Figure 2), suggesting that 
SLC16A1-AS1 and miR-149 may not directly interaction 
with each other. Furthermore, a recent study reported that 
SLC16A1-AS1 might regulate the phosphorylation level of 
proteins involved in the RAS/RAF/MEK pathway to partici-
pate in lung cancer.23 Therefore, the interaction between 
SLC16A1-AS1 and RAS/RAF/MEK pathway may also 
exist in GBM. Our future studies will explore this possibility.

Conclusion
In conclusion, our study is the first to report that 
SLC16A1-AS1 is downregulated in GBM, and it may 
regulate miR-149 methylation to promote cell prolifera-
tion, the briefly schematic research model is shown in 
Figure 5. This study is the first to characterize an 
lncRNA as the upstream inhibitor of miR-149. In addition, 
the regulation of miR-149 methylation by SLC16A1-AS1 
proposed in this study also enriched our understanding of 
the interactions between ncRNAs. Increased understanding 
of the functionality of SLC16A1-AS1 may provide novel 
targets for the treatment of GBM.

Abbreviations
GBM, glioblastoma; lncRNAs, long non-coding RNAs; 
MSP, methylation-specific PCR; CCK-8, Cell Counting Kit 8.
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