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LncRNA HLA-F-AS1 Enhances the Migration, 
Invasion and Apoptosis of Glioblastoma Cells by 
Targeting lncRNA MEG3
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Background: Previous studies revealed the oncogenic role of long non-coding RNA 
(lncRNA) HLA-F-AS1 in colon cancer and breast cancer, while its role in other cancers is 
unclear. We predicted the direct interaction between HLA-F-AS1 and MEG3, which is 
a tumor suppressor lncRNA. We then assessed the interaction between HLA-F-AS1 and 
MEG3 in glioblastoma (GBM).
Methods: The expression levels of HLA-F-AS1 and MEG3 in GBM and paired non-tumor 
tissues from 60 GBM patients were analyzed by RT-qPCR. Overexpression of HLA-F-AS1 
and MEG3 was achieved in GBM cells to explore the interaction between them. The direct 
interaction between them was confirmed by RNA pull-down assay. The roles of HLA-F-AS1 
and MEG3 in cell invasion, migration and apoptosis were explored by Transwell assays and 
cell apoptosis assay.
Results: HLA-F-AS1 was highly expressed, and MEG3 was downregulated in GBM. 
Overexpression of HLA-F-AS1 reduced the expression levels of MEG3 while overexpres-
sion of MEG3 did not alter the expression of HLA-F-AS1. HLA-F-AS1 increased cell 
migration and invasion, but decreased cell apoptosis. MEG3 played opposite roles and 
reduced the effects of HLA-F-AS1 on cell behaviors.
Conclusion: HLA-F-AS1 may sponge MEG3 in GBM cells to promote cell invasion and 
migration, and to suppress cell apoptosis.
Keywords: glioblastoma, HLA-F-AS1, MEG3, invasion, migration, apoptosis

Introduction
As the most common type of brain malignancy, glioblastoma (GBM), or grade 4 
glioma, is considered as the most lethal cancer.1,2 Globally, GBM affects about 3.2 
out of 100,000 people.3,4 More than 75% of these patients will die within a year 
after the initial diagnosis, and the 10-year overall survival rate is as low as 5%.5 In 
clinical practices, treatments of GBM mainly include the surgical resection of 
primary tumors, and chemotherapeutic drugs, radiotherapy and tumor treating 
field therapy.6–8 However, treatment outcomes are generally poor. In effect, no 
significant improvement in the survival of GBM patients has been made in recent 
decades. Therefore, novel therapeutic approaches are urgently needed.

The emerging of molecular targeted therapy has providing opportunities to treat 
advanced cancers, including GBM.9–11 With the advantages of high specificity and 
less adverse effects, targeted therapy can be applied to reverse tumor progression by 
regulating the expression of cancer-related genes. With the increased elucidation of 
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the molecular pathways involved in GBM, certain mole-
cular players, such as ERRFI1 and TACC3, have been 
characterized as potential targets to treat GBM.12 

However, targeted therapy for GBM is still under research. 
Long non-coding RNAs (lncRNAs) are crucial players in 
cancers.13 Elucidating the functions of lncRNAs in cancers 
provides therapeutic opportunities to treat cancers by tar-
geting lncRNAs.14 However, the roles of most lncRNAs in 
most cancers are unknown. Previous studies revealed the 
oncogenic role of lncRNA HLA-F-AS1 in colon cancer 
and breast cancer, and lncRNA HLA-F antisense RNA 1 
(HLA-F-AS1) can facilitate the progression of colon can-
cer and breast cancer.15,16 Its role in other cancers should 
be explored. GBM is closely related to signaling pathways 
such as tumor necrosis factor (TNF-α), transforming 
growth factor-β (TGF-β) and signal transducer and activa-
tor of transcription 1/3 (STAT1/3). Maternally expressed 
gene 3 (MEG3) is an imprinted gene that encodes 
a ncRNA associated with tumorigenesis. It was reported 
that MEG3 may be an important regulator in the develop-
ment of glioma. Therefore, we hypothesized that HLA- 
F-AS1 and could interact with MEG3, which is a tumor 
suppressor.17 We then explored the interaction between 
HLA-F-AS1 and MEG3 in GBM.

Patients, Materials and Methods
Patients and Samples
A total of 62 GBM patients who received surgical resec-
tion of the primary tumors at Hanchuan People’s Hospital 
between September 2018 and August 2020 were enrolled 
as study subjects. Hanchuan People’s Hospital Ethics 
Committee approved this study. All experimental proce-
dures in this study were performed in accordance with the 
Declaration of Helsinki. Tumors were analyzed by histo-
pathologists. GBM and paired non-tumor tissues were 
separated from the resected tumors. Tissue samples were 
kept in liquid nitrogen prior to the subsequent assays. All 
patients signed the informed consent.

Cells and Transfections
Two human glioblastoma cell lines U251 and T98G (Cell 
bank, Chinese Academy of Science) were used. Cells were 
cultured cultivated in DMEM supplemented with 10% 
FBS and 1% penicillin/streptomycin in an incubator at 
37 °C with CO2 and humidity set to 5% and 95%, respec-
tively. HLA-F-AS1 and MEG3 were overexpressed in 
cells by transfecting pcDNA-HLA-F-AS1 or -MEG3 

expression vector through transient transfections mediated 
by Neon Electroporation Transfection (Thermo Fisher 
Scientific). All operations were performed following the 
manufacturer’s instructions.

RNA Preparation
High Pure RNA Isolation Kit (Roche Life Science) was 
used to isolate total RNAs from both tissues and cultivated 
cells. In each experiment, no less than 107 cells or 0.1 
g tissue sample were used. The integrity and concentra-
tions of RNA samples were analyzed with Bioanalyzer. In 
all RNA samples, an RIN value higher than 9.0 were 
reached, indicating high RNA integrity. RNA concentra-
tions ranged from 900 to 3000 ng/µL.

Preparation of cDNA Samples and qPCRs
The preparation of cDNA samples was carried out using the 
QuantiNova Reverse Transcription Kit (QIAGEN). 
Following the protocol, gDNA Removal Mix (2 μL), total 
RNAs (3 μg), control RNA and DEPC water were used to 
prepare a 15 µL mixture, which was incubated at 45 °C for 
10 min, followed by incubation on ice for 2 min. After that, 
reverse transcription enzyme (1 μL) and reverse transcription 
mix (4 μL) were added to make a 20 μL system, which was 
then incubated at 25 °C for 3 min, 45 °C for 20 min, and at 
85 °C for 5 min. qPCR mixtures were prepared with cDNA 
as the template (1 μL cDNA sample in a 20 μL system) to 
determine the expression levels of HLA-F-AS1 and MEG3 
with 18S rRNA as the internal control. The 2–∆∆Ct method 
was used to normalize the gene expression levels.

RNA-RNA Pulldown Assay
A vector expressing HLA-F-AS1 and negative control 
(NC) RNA with T3 RNA transcriptase was used to prepare 
RNA transcripts through in vitro transcriptions using the 
Invitrogen MEGAscript T3 Transcription Kit. Purification 
of in vitro transcripts was performed using the Invitrogen 
MEGAclear Transcription Clean-Up Kit. After that, 3ʹ end 
labeling with biotin was performed using the BIO 3ʹ-End 
Oligonucleotide Labeling Kit (Interchim). The labeled 
RNA transcripts were further purified using the 
MEGAclear Transcription Clean-Up Kit, followed by 
transfection into cells through the methods mentioned 
above. Cells were harvested 48 h later to perform cell 
lysis, followed by using Streptavidin agarose beads to 
isolate RNA complex. Beads were washed to isolate 
RNA, and RNA samples were subjected to RT-qPCRs to 
determine the expression levels of MEG3.
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Transwell Assays
Transwell inserts (8 μm, Corning) were applied to 
assay the capacities of cells with transfections. Serum- 
free medium was used to prepare cell suspensions, 
which were added to the upper chamber. Membrane 
coated with Matrigel was used in invasion assay. To 
induce cell movement, the lower chamber was added 
with 20% FBS. Cells were cultivated for 24 h. After 
that, membranes were cleaned, fixed and stained with 
eosin. Cells were then evaluated under a light 
microscope.

Cell Apoptosis Assay
Cells with transfections were further cultivated in serum- 
free medium for another 48 h. Ice-cold PBS was used to 
wash cells, and the Annexin V-FITC/PI detection kit (BD 
Biosciences) was used to stain cells. Cells were incubated 
in dark for 20 min, followed by flow cytometer (BD 
Biosciences) to evaluate cell apoptosis.

Statistical Analysis
The 62 patients were grouped into high and low HLA-F-AS1/ 
MEG3 groups (n = 31, median expression level = cutoff 
value). All experimental data were presented as the Mean ± 
SD values. Student’s t test was used to compare two groups 
and One-way ANOVA test was used to compare multiple 
groups, respectively. The correlation of HLA-F-AS1 and 
MEG3 was analyzed by linear regression. Associations 
between the expression levels of HLA-F-AS1 and MEG3 
and patients’ clinical data such as patients’ age, gender and 
tumor location were analyzed with Chi-squared test. A p-value 
of less than 0.05 was considered statistically significant.

Results
Differential Expression of HLA-F-AS1 and 
MEG3 in GBM
The differential expression of HLA-F-AS1 and MEG3 
in GBM were determined by RT-qPCRs. The results 
showed that HLA-F-AS1 was highly upregulated 
(Figure 1A, p < 0.01) and MEG3 was significantly 
downregulated in GBM (Figure 1B, p < 0.01). Chi- 
squared test showed that the expression levels of 
HLA-F-AS1/MEG3 were not closely correlated with 
patients’ age, gender and tumor location (Table 1).

The Correlations Between HLA-F-AS1 
and MEG3
Pearson’s correlation coefficient was carried out to explore 
the correlations between HLA-F-AS1 and MEG3 across 
both GBM and non-tumor tissues. It showed that HLA- 
F-AS1 and MEG3 were not closely correlated with each 
other across GBM (Figure 2A) and non-tumor (Figure 2B) 
tissues.

The Direct Interaction Between 
HLA-F-AS1 and MEG3
The interaction between HLA-F-AS1 and MEG3 was 
first predicted by IntaRNA 2.0 software, followed by 
validation through RNA-RNA pulldown assay. It was 
predicted that HLA-F-AS1 and MEG3 could form 
strong base pairing (Figure 3A). In addition, compared 
to Bio-NC pulldown group, Bio-HLA-F-AS1 pull-down 
sample exhibited significantly downregulated MEG3 
(Figure 3B, p < 0.01), indicating the direct interaction 
between them.

Figure 1 Exploration of the differential expression of HLA-F-AS1 and MEG3 in GBM. All 62 GBM patients donated GBM and paired non-tumor tissues, which were used to 
isolate total RNAs to assay the differential expression of HLA-F-AS1 (A) and MEG3 (B) in GBM through RT-qPCRs. **p < 0.01.
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The Role of HLA-F-AS1 and MEG3 in the 
Regulation of Each Other
Overexpression of HLA-F-AS1 and MEG3 were achieved 
in U251 and T98G cells. The overexpression was con-
firmed every 24 h until 96 h (Figure 4A, p < 0.05). In 
both U251 and T98G cells, overexpression of HLA-F-AS1 
resulted in downregulation of MEG3 (Figure 4B). 
However, overexpression of MEG3 showed no effect on 
the expression of HLA-F-AS1 (Figure 4C).

The Role of HLA-F-AS1 and MEG3 in 
U251 and T98G Cell Behaviors
Transwell assays and cell apoptosis assay were used to 
explore the role of HLA-F-AS1 and MEG3 in regulating 
the behaviors of U251 and T98G cells. HLA-F-AS1 
increased cell migration (Figure 5A, p < 0.01) and 
invasion (Figure 5B, p < 0.01), but decreased cell apop-
tosis (Figure 5C, p < 0.01). MEG3 played opposite roles 
and attenuated the effects of HLA-F-AS1 on cell 
behaviors.

Discussion
The present study explored the functions of lncRNAs 
HLA-F-AS1 and MEG3 in GBM, and investigated the 
potential interaction between them. We observed altered 
expression of HLA-F-AS1 and MEG3 in GBM. Moreover, 
HLA-F-AS1 and MEG3 can interact with each other 
directly, and their interaction suppressed their opposite 
roles in regulating several behaviors of GBM cells.

Two previous studies characterized the oncogenic role of 
HLA-F-AS1 in both colorectal cancer and breast cancer.15,16 

HLA-F-AS1 was upregulated in colorectal cancer, and its 
overexpression can sponge miR-330-3p to upregulate PFN1, 
thereby promoting cancer progression.15 Breast cancer also 
exhibits upregulated expression of HLA-F-AS1, which is 
induced by STAT3.16 Overexpression of HLA-F-AS1 
increases cancer cell stemness and proliferation by increasing 
the expression levels of TRABD. The function of HLA-F-AS1 
in other types of cancer is unclear. The present study revealed 
the increased expression levels of HLA-F-AS1. Moreover, 
overexpression of HLA-F-AS1 resulted in increased cell inva-
sion and migration, as well as reduced cell apoptosis in GBM 

Table 1 Chi-Squared Analysis of the Associations Between HLA-F-AS1/MEG3 Expression Levels and Patients’ Clinical Data

Variable Cases HLA-F-AS1 P-value MEG3 P-value

Low High Low High

Gender

Male 40 18 22 0.37 21 19 0.60
Female 22 13 9 10 12

Age

<45 34 18 16 0.61 16 18 0.61
≥45 28 13 15 15 13

Tumor Location

Supratentorial 44 20 24 0.26 21 23 0.58
Infratentorial 18 11 7 10 8

Figure 2 Analysis of the correlations between HLA-F-AS1 and MEG3. Pearson’s correlation coefficient was carried out to explore the correlations between HLA-F-AS1 and 
MEG3 across both GBM (A) and non-tumor (B) tissues.
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Figure 3 Analysis of the direct interaction between HLA-F-AS1 and MEG3. The interaction between HLA-F-AS1 and MEG3 was first predicted by IntaRNA 2.0 software 
(A), followed by validation through RNA-RNA pulldown assay (B). **p < 0.01.

Figure 4 Analysis of the role of HLA-F-AS1 and MEG3 in regulating the expression of each other. Overexpression of HLA-F-AS1 and MEG3 was achieved in U251 and T98G 
cells. The overexpression of them was confirmed every 24 h until 96 h (A). The role of HLA-F-AS1 in regulating the expression of MEG3 (B), and the role of MEG3 in 
regulating the expression of HLA-F-AS1 (C) were analyzed with RT-qPCRs. *p < 0.05.
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cells. Therefore, HLA-F-AS1 may promote GBM progression 
by increasing tumor metastasis and suppressing cancer cell 
apoptosis.

MEG3 plays tumor suppressive roles in different types of 
cancer including MEG3.18 In GBM, MEG3 suppresses can-
cer growth and metastasis, and increases the sensitivity of 
cancer cells to chemical drugs by affecting multiple cancer- 
related pathways, such as the PI3K/AKT/mTOR pathway.19 

The present study confirmed the downregulation of MEG3 in 
GBM and its role in suppressing tumor metastasis and enhan-
cing cell apoptosis. Based on our knowledge, the regulators 
of MEG3 in cancer biology remain unclear. In this study, we 
showed that HLA-F-AS1 and MEG3 could directly interact 
with each other. However, they showed no role in regulating 
the expression of each other. However, HLA-F-AS1 sup-
pressed the role of MEG3 in regulating the behaviors of 
GBM cells. Therefore, we speculated that HLA-F-AS1 
could sponge MEG3 to suppress its roles in GBM. 

Therefore, the present study reported the interaction between 
two lncRNAs in GBM, which is novel.

In conclusion, HLA-F-AS1 was upregulated in GBM. 
HLA-F-AS1 may sponge MEG3 in GBM cells to suppress 
its tumor suppressive roles in GBM cell metastasis and 
apoptosis.
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