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Abstract. – OBJECTIVE: Glioma including glio-
blastoma is the main type of primary brain tumors 
worldwide. LncRNAs have participated in glio-
ma formation. This study aims to investigate the 
underlying mechanism for VIM-AS1/miR-105-5p/
WEE1 signaling in glioma.  

PATIENTS AND METHODS: The clinical tu-
mors and adjacent tissues were collected from 
24 patients with glioma in the Shang Luo Central 
Hospital. Then, the clinical samples were subject-
ed to hematoxylin-eosin staining (H&E). VIM-AS1, 
miR-105-5p, and WEE1 levels were measured us-
ing real-time PCR. The protein levels of WEE1, 
Cyclin A1, PCNA, N-cadherin, Vimentin, and Bcl-2, 
E-cadherin, and Bax were analyzed using Western 
blot. The overall survival of glioma patients was 
evaluated using the Kaplan-Meier analysis. The 
interaction between VIM-AS1 and miR-105-5p was 
determined using RIP assay and Dual-Luciferase 
reporter assay, and the binding between miR-105-
5p and WEE1 was also detected by Dual-Lucifer-
ase reporter assay. Cell proliferation, colony for-
mation, cell cycle, apoptosis, and migration were 
confirmed using CCK-8, colony formation assay, 
flow cytometry, and transwell assay, respectively.  

RESULTS: VIM-AS1 was elevated in cancer tis-
sues, and high level of VIM-AS1 was positively cor-
related with poor overall survival. Then, VIM-AS1 
could bind to and downregulate miR-105-5p. Fur-
thermore, the knockdown of VIM-AS1 significantly 
suppressed tumor growth in vivo. The knockdown 
of VIM-AS1/overexpression of miR-105-5p inhibited 
glioma cell growth, colony formation, and migra-
tion, and enhanced the cell apoptosis by inhibiting 
expression of Cyclin A1, PCNA, Vimentin, N-cad-
herin, and Bcl-2, and by increasing the expression 
of Bax and E-cadherin. Interestingly, the overex-
pression of VIM-AS1 reversed the tumor-suppress-
ing role of miR-105-5p in glioma cells. Besides, the 
expression of WEE1 was synergistically regulated 
by VIM-AS1 and miR-105-5p. Consequently, VIM-
AS1 promoted glioma progression via upregulating 
WEE1 or downregulating miR-105-5p. 

CONCLUSIONS: VIM-AS1/miR-105-5p/WEE1 sig-
naling may be a promising target for glioma treat-
ment. 
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Introduction

Glioma has been listed as the most common-
ly occurring kind of cerebral cancers or primary 
brain tumors in China, as well as in Europe and 
the United States1,2. Glioblastoma (World Health 
Organization, grade IV), as the leading type of 
primary malignant brain tumor, accounts for 
eighty percent of patients every year3. The sur-
gical resection, radiotherapy, and chemotherapy 
are usually prepared for the treatment of glioblas-
toma4. Unfortunately, the five-year survival rate 
of glioblastoma patients is about 9.8% in adults 
who are subjected to chemotherapy and radiother-
apy3. In recent years, targeted therapy has been 
studied and used for its specificity and efficacy. 
Thus, it has become a hot topic in glioblastoma 
treatment4, and molecular mechanisms of glio-
mas are required to be investigated in detail5,6. 
Consequently, it is beneficial for the treatment of 
patients with glioblastoma to obtain a better in-
vestigation of molecular mechanisms underlying 
glioma progression. 

Long noncoding RNAs (lncRNAs), as onco-
genic regulators or tumor suppressors, have af-
forded to both initiation and progression of many 
types of cancers, including gliomas7-11. LncRNAs 
are often implicated in the transcriptional and 
post-transcriptional regulation of gene regula-
tion12. At the post-transcriptional level, lncRNAs 
usually serve as competing endogenous RNAs or 
molecular sponge of microRNAs (miRNAs) result-
ing in suppression of miRNAs on its downstream 
target mRNAs13. Of note, homeobox transcript 
antisense RNA (HOTAIR) promotes the malig-
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nant biological functions of glioma cells through 
miR-326/fibroblast growth factor 1 (FGF1) axis14. 
The suppression of nuclear paraspeckle assembly 
transcript 1 (NEAT1) represses glioma cell mi-
gration and invasion by modulating the expres-
sion of miR-132-targeted sex-determining region 
Y-box transcription factor 2 (SOX2)15. Inhibition 
of SRY-box transcription factor 2 overlapping 
transcript (SOX2OT) suppresses the malignant 
effects of glioblastoma stem cells by increasing 
the levels of both miR-194-5p and miR-12210. 
Tumor protein 73 antisense RNA 1 (TP73-AS1) 
enhances glioma proliferation and invasion by 
regulating miR-142/HMGB1 signaling16. Colorec-
tal neoplasia differentially expressed (CRNDE) 
facilitates glioma cell proliferation and invasion, 
while inhibited the cell apoptosis by attenuating 
miR-384/piwi-like RNA-mediated gene silencing 
4 (PIWIL4)/signal transducer and activator of 
transcription 3 (STAT3) axis17. Imprinted mater-
nally expressed transcript (H19) promotes glio-
blastoma cell invasion, angiogenesis, and tube 
formation by upregulating of the miR-29a-con-
trolled vasohibin 2 (VASH2) expression18. X in-
active specific transcript (XIST) enhances glioma 
tumorigenicity and angiogenesis by functioning 
as a sponge of miR-42919. Growth-arrest specific 
5 (GAS5) suppresses glioma stem cell prolifera-
tion, migration, and invasion by forming GAS5/
miR-196a-5p/forkhead box O1 (FOXO1) feedback 
loop20. Metastasis associated lung adenocarcino-
ma transcript 1 (MALAT1) suppresses the inva-
sion and proliferation of glioma cells by inhibiting 
miR-155 expression21. Vimentin antisense RNA 1 
(VIM-AS1), a 1.8-kb noncoding RNA, positive-
ly modulates Vimentin expression22. VIM-AS1 
promotes progression and metastasis of colorectal 
cancer by inducing EMT23. However, the clinical 
functions of VIM-AS1 in glioma development re-
main unclear. 

To explore the potential mechanism of VIM-
AS1 in glioma development, we predicted that 
VIM-AS1 may directly bind to miR-105-5p on 
STARBASE database. As reported, miR-105-5p 
suppresses the proliferation of glioma cells by tar-
geting sex-determining region Y-box 9 (SOX9)24, 
and it inhibits metastasis of triple-negative breast 
cancer25. Additionally, we predicted that miR-105-
5p may bind to 3’UTR of Wee1-like protein ki-
nase (WEE1) using the STARBASE tool. WEE1 
always serves as an oncogene in cancers, including 
gliomas26-28, and it has developed chemical inhibi-
tors, such as Adavosertib-1775 (AZD-1775 or MK-
1775), to target WEE1 resulting in suppression of 

WEE1-mediated cancers29-33, suggesting that the 
inhibition of WEE1 expression would inhibit glio-
ma cell proliferation, invasion, and metastasis.

In this study, high expression of VIM-AS1 
represented an overall survival of glioma patients, 
indicating that it worked as an oncogene in glio-
ma development. We observed that the VIM-AS1/
miR-105-5p/WEE1 signaling was involved in 
glioma formation in vitro and in vivo. Taken to-
gether, VIM1-AS1, miR-105-5p, and WEE1 may 
be listed as the promising therapeutic targets of 
glioma treatment. 

Patients and Methods

Clinical Patients’ Samples Collection
The clinical tumors and adjacent tissues were 

collected from 24 patients with glioma in Shang 
Luo Central Hospital (Shang Luo, Shan Xi, Chi-
na). The clinical processes were approved by the 
Ethics Committee of Shang Luo Central Hospi-
tal (SLCH 2006-0018). No patients had adminis-
trated local or systemic treatment before surgery. 
Then, the collected clinical samples were imme-
diately frozen in liquid nitrogen. 

Hematoxylin-Eosin Staining
The clinical samples were firstly fixed in 4% 

paraformaldehyde (Sigma-Aldirch, Shanghai, 
China). Next, these samples were subjected to 
paraffin blocks, section, and hematoxylin-eosin 
staining (H&E; Beyotime, Shanghai, China) con-
ducted as previously described1. 

Cell Culture and Cell Transfection
These cell lines (HM, U87, U251, T98G, and 

LN-229) (American Type Culture Collection, 
Manassas, VA, USA) were kept in Dulbecco’s 
Modified Eagle’s Medium (DMEM) basic media 
(HyClone, Logan, UT, USA), and then, they were 
maintained in a 37°C humidified incubator with 
5% CO2. All the above media were prepared with 
10% fetal bovine serum (FBS; Thermo Fisher 
Scientific, Waltham, MA, USA), and 100 mg/mL 
streptomycin, and 100 U/mL penicillin (HyClone, 
Logan, UT, USA). All the other cell culture materi-
als were bought from HyClone (Logan, UT, USA). 

All used siRNAs were purchased from GenePhar-
ma (Shanghai, China). VIM-AS1 sequences were 
downloaded from UCSC (ENST00000605833.1), 
and WEE1 sequences were downloaded from Na-
tional Coalition Building Institute (NCBI) (mRNA 
ID: NM_003390.4). The siRNAs or plasmids were 
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transfected to cancer cell lines with Lipofectamine 
3000 (Thermo Fisher Scientific, Waltham, MA, 
USA). Si-VIM-AS1#1: UUA AAU UUC AAA 
AUG UGG G, si-VIM-AS1#2: AUU AAA UUU 
CAA AAU GTG G, si-VIM-AS1#3: UAU CCG 
GUG AUG CUG AUG C. The three siRNAs were 
mixed together and used in our study, and however, 
si-VIM-AS1#1 was the best one for knocking down 
VIM-AS1 and si-VIM-AS1#1 was constructed into 
a lentivirus. Then, the miR-105-5p-related sequenc-
es were listed as below, anti-miR-105-5p, 5’-ACC 
ACA GGA CAC AGC AUU UGA-3’, and miR-105-
5p mimic, 5’-UCA AAU GCU CAG ACU CCU 
GUG GU-3’. Finally, the pmirGLO-VIM-AS1-WT 
or -Mut and pmirGLO-WEE1-3’UTR-WT (wild 
type) or -Mut (mutant), and pcDNA-VIM-AS1 were 
prepared by GenePharma (Shanghai, China). 

CCK-8 Assays
In this study, we performed Cell Counting 

Kit-8 (CCK-8) assay (Sigma-Aldrich, Shanghai, 
China) to assess the cell viability of cancer cell 
lines (3×103 cells/well) in 96-well plates (Corning, 
Shanghai, China). The cells were firstly trans-
fected with siRNAs or plasmids for 48 h. After 
transfection, the cell viability of glioma cells was 
examined at 450 nm for each well every 24 h us-
ing a microplate reader (Thermo Fisher Scientif-
ic, Waltham, MA, USA). All experiments were 
conducted in quadruplicate, and every assay was 
repeated three times. All the other agents were 
bought from Sigma-Aldrich (Shanghai, China). 

Colony Formation Assay
The cancer cells were prepared into single-cell 

suspensions after 48 h transfection. Tumor cells 
were seeded into 6-well plates (HyClone, Logan, 
UT, USA) at a density of 3000 cells/well, and the 
media required to be replaced every three days. 
After 15 days, the visible colonies were captured 
and counted after methanol fixation and staining 
with 0.1% crystal violet (Sigma-Aldrich, Shang-
hai, China). Three wells for each treatment group 
were prepared, and every assay was independent-
ly repeated three times. 

Flow Cytometry
To determine the cell apoptosis, the cancer 

cells were plated in 12-well plates. U87 and LN-
229 cells were collected at 100 g for 5 min after 
48 h transfection. Then, the resuspended cells 
were incubated with Annexin-V/fluorescein iso-
thiocyanate (FITC) and propidium iodide (PI) kit 
(Sigma-Aldrich, Shanghai, China) in the dark for 

15 min and 3 min, respectively. Finally, the cell 
apoptosis rate of U87 and LN-229 cells was de-
tected on Bio-Rad S3e flow cytometry (Hercules, 
CA, USA). We set three wells for each treatment 
group, and every assay was independently repeat-
ed three times.

To analyze the cell cycle of glioma cells, the 
cancer cells were plated in 12-well plates. After 
48 h transfection, the collected cells were fixed 
with 70% methanol at 4°C overnight. Next, these 
harvested cells were incubated with ribonucle-
ase A at a 37°C-thermostat water bath (Thermo 
Fisher Scientific, Waltham, MA, USA) for half an 
hour. Finally, these cells were incubated with PI 
at the concentration of 100 ng/mL for 10 minutes 
to labeled nuclei in the dark. The cell cycle was 
measured on Bio-Rad S3e flow cytometry. All the 
used agents were from Sigma-Aldrich (Shanghai, 
China). 

Quantitative Real Time-PCR
The RNA was extracted from cancer cells or 

clinical tissues using TRIzol reagent (Thermo 
Fisher Scientific, Waltham, MA, USA). Then, 1 
μg RNA was reverse transcribed to obtain com-
plementary DNA (cDNA) by applying PrimeS-
cript RT Kit (TaKaRa, Dalian, Liao Ning, China). 
In this study, we applied SYBR Premix Ex Taq II 
(Perfect Real-Time, TaKaRa, Dalian, Liao Ning, 
China) to determine the expression of lncRNA, 
miRNA, or mRNA. The 18S RNA was used as an 
internal control of VIM-AS1, U6 was considered 
as an internal control of miR-105-5p, and glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) 
was used as an internal control of other mRNAs. 
The primers were listed below. Cyclin A1, For-
ward: 5’-ATA ACG ACG GGA AGA GCG GG-
3’, Reverse: 5’-CTC CAT CCC AAG TGA CGA 
GC-3’; Bcl-2, Forward: 5’-CTT TGA GTT CGG 
TGG GGT CA-3’, Reverse: 5’-GGG CCG TAC 
AGT TCC ACA AA-3’; PCNA, Forward: 5’-CTC 
TTC CCT TAC GCA AGT CTC A-3’, Reverse: 
5’-GTC TAG CTG GTT TCG GCT TCA-3’; Bax, 
Forward: 5’-GGG TTG TCG CCC TTT TCT AC-
3’, Reverse: 5’-AGT CGC TTC AGT GAC TCG 
G-3’; WEE1, Forward: 5’-GCA CTT GTC TTT 
GAC TTG TGT T-3’, Reverse: 5’-ATC AAA ATG 
TGC CCT CTG CTT T-3’; E-cadherin, Forward: 
5’-GCT GGA CCG AGA GAG TTT CC-3’, Re-
verse: 5’-CGA CGT TAG CCT CGT TCT CA-3’; 
N-cadherin, Forward: 5’-TGT GCA TGA AGG 
ACA GCC TC-3’, Reverse: 5’-AGC TTC TCA 
CGG CAT ACA CC-3’; Vimentin, Forward: 5’-
GCA CAT TCG AGC AAA GAC AGG-3’, Re-
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verse: 5’-AGG GCT CCT AGC GGT TTA GG-3’; 
GAPDH, Forward: 5′-CAC CCA CTC CTC CAC 
CTT TG-3′, Reverse: 5′-CCA CCA CCC TGT 
TGC TGT AG-3′. VIM-AS1, Forward: 5’-CAA 
AGC TCC CTT TGG ATG AC-3’, Reverse: 5’-
ACT AGT ACA CCC CCG ACG TG-3’; 18S RNA, 
Forward: 5’-CGT TCT TAG TTG GTG GAG CG-
3’, Reverse: 5’-CCG GAC ATC TAA GGG CAT 
CA-3’. U6, reverse-transcription PCR primers, 5’-
GTC GTA TCC AGT GCA GGG TCC GAG GTA 
TTC GCA CTG GAT ACG ACA AAT ATG-3’, 
and its real-time PCR primer, Forward: 5’-TGC 
GGG TGC TCG CTT CGG CAG C-3’, Reverse: 
5’-GTG CAG GGT CCG AGG T-3’; MiR-105-5p, 
reverse-transcription PCR primers, 5’-GTC GTA 
TCC AGT GCA GGG TCC GAG GTA TTC GCA 
CTG GAT ACC ACA-3’; real-time PCR, Forward: 
5’-UCA AAU GCU CAG ACU C-3’, Reverse: 5’-
GTG CAG GGT CCG AGG T-3’. All these prim-
ers were synthesized by Sangon Biotech Co., Ltd. 
(Shanghai, China). The relative VIM-AS1, miR-
105-5p, and WEE1 expression were calculated us-
ing the equation 2-ΔΔCt. 

Transwell Assays
Glioma cell lines were transfected with siR-

NAs and plasmids for 72 h. Then, 1.5 × 105 cells 
per well of 24-well trans-well plates were placed 
into the up-chambers (Corning, Shanghai, China). 
Meanwhile, a 10% FBS-contained DMEM was 
added to the bottom chambers of multi-well plates. 
Post incubation overnight, the migrated cells (at the 
bottom) were stained with crystal violet, and then, 
they were captured and counted under ×400 mag-
nification. All transwell assays were conducted in 
quadruplicate and repeated triplicate.

Western Blot Analysis
The protein samples were prepared with pro-

tease inhibitor cocktail-contained radioimmu-
noprecipitation assay (RIPA) lysate (Beyotime, 
Shanghai, China). These samples were dena-
tured for 15 min at 98°C. Then, 30-50 μg of pro-
teins were added on 8% sodium dodecyl sulfate 
(SDS)-polyacrylamide gel electrophoresis (SDS-
PAGE; Bio-Rad, Hercules, CA, USA), and protein 
bands-contained gels were transferred to 0.22 μm 
polyvinylidene difluoride (PVDF) membranes 
(Bio-Rad, Hercules, CA, USA) for half an hour 
using Trans-Blot® Turbo™ Transfer System (Bio-
Rad, Hercules, CA, USA). Next, the transferred 
PVDF membranes were incubated with 1% Bo-
vine Serum Albumin (BSA) in phosphate-buff-
ered saline (PBS), and the membranes were cov-

ered with primary antibody at 4°C for 8 h. In the 
following step, these PVDF membranes were 
coated with goat-anti-mouse or goat anti-rabbit 
secondary antibody, which was conjugated by 
horseradish peroxidase (HRP), for 1 hour diluted 
at 1: 50,000 (Bioworld Technology, Nanjing, Jiang 
Su, China). All the primary antibodies including 
anti-PCNA, anti-Cyclin A1, anti-E-cadherin, 
anti-N-cadherin, anti-Vimentin, anti-Bcl-2, an-
ti-Bax, and anti-GAPDH were bought from Cell 
Signal Technology (CST, Danvers, MA, USA). 
All the other used materials and agents were from 
Sigma-Aldrich (Shanghai, China). 

Dual-Luciferase Reporter Assays
Firstly, 5 × 104 cells per well were plated in 24-

well plates. The cancer cells (U87 and LN-229) were 
co-transfected with pmirGLO-VIM-AS1-WT (wide 
type), pmirGLO-VIM-AS1-mut (mutant), or pmir-
GLO-WEE1-3’UTR WT or pmirGLO-WEE1-3’ 
untranslated region (UTR)-mut reporter plasmids, 
and Mock (negative control), miR-105-5p mimics, 
and anti-miR-105-5p. Post 24 h transfection, we de-
termined the Luciferase activity using the Dual-Lu-
ciferase Assay Kit on GloMax 20/20 Luminometer 
(Promega, Madison, WI, USA). 

RNA Immunoprecipitation Assays
To detect the potential interaction of VIM-AS1 

with miR-105-5p, we conducted RNA immuno-
precipitation assays (RIP) using the Magna RIP 
RNA-binding protein immunoprecipitation kit 
(Millipore, Billerica, MA, USA). The prepared 
cell lysate was incubated with anti-Argonaute-2 
(Ago2)-contained buffer, IgG was used as a neg-
ative control, and both anti-Ago2 and IgG were 
from Sigma-Aldrich (cat. no. # SAB4200085, 
Shanghai, China). Finally, the obtained immu-
noprecipitated RNA samples were analyzed by 
real-time PCR for examining VIM-AS1 and miR-
105-5p content. All experiments were conducted 
in quadruplicate, and every assay was repeated 
for triplicates. 

Animal Experiments
The U87 cells were incubated with viruses 

for 24 h. The indicated lentiviruses were from 
HanBio Biotechnology (Shanghai, China). These 
transfected U87 cells were harvested at 100 g × 5 
min, and 3 × 106 cells were inoculated into 5-week 
old BALB/c nude mice. The nude mice were from 
the Model Animal Research Center of Nanjing 
University (Nanjing, Jiang Su, China). The clin-
ical processes were approved by the Ethics Com-
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mittee of Shanghai Jiao Tong University. In the 
following days, tumor volume was calculated ev-
ery three days, according to this formula: (length 
× width2)/2. On the 15th day after injection, West-
ern blot analysis was conducted to determine the 
levels of anti-PCNA, anti-Cyclin A1, anti-E-cad-
herin, anti-N-cadherin, anti-Vimentin, anti-Bcl-2, 
anti-Bax, and anti-GAPDH (CST, Danvers, MA, 
USA) in tumors of nude mice. 

Statistical Analysis
The data in this study were expressed as mean 

± standard deviation (SD). A p-value < 0.05 was 
statistically significant. The data were statistical-
ly analyzed using the Statistical Product and Ser-
vice Solution software package (version 19.0, SPSS 
Corp., Armonk, NY, USA) and GraphPad Prism 6 
(GraphPad Software, Ja Jolla, CA, USA). Statisti-
cal significance was tested by Two-tailed Student’s 
t-test for two groups comparisons and One-way 
analysis of variance (ANOVA) test with post-hoc 
analysis contrasts for multi-groups comparisons. 

Results

VIM-AS1 Indicated a Poor Survival of Glio-
ma-Carried Patients and it Was Upregulated in 
Cancer Tissues

In this study, bioinformatics analysis showed 
that VIM-AS1 was associated with poor survival 
of patients (Figure 1A). Then, real-time PCR re-
vealed that VIM-AS1 was upregulated in cancer 
tissues (Figure 1B-C). 

Knockdown of VIM-AS1 Suppressed 
Glioma Cell Proliferation, Growth, 
and Migration In Vitro

To examine the role of VIM-AS1 in glioma 
progression, we inhibited VIM-AS1 expression 
in U87 and LN-229 cells. Real-time PCR analysis 
demonstrated that VIM-AS1 was increased in U87, 
LN-229, U251, and T98G cells (Figure 2A), and it 
can be knocked down by small interfering RNA 
(Figure 2B). Importantly, CCK-8 assay analysis 
proved that the suppression of VIM-AS1 signifi-
cantly inhibited cell proliferation of U87 and LN-
229 (Figure 2C). The results of colony formation 
assay silencing of VIM-AS1 also repressed glioma 
cell growth (Figure 2D-E). We observed that in-
terfering VIM-AS1 also significantly arrested U87 
and LN-229 in the G0/G1 cell phase (Figure 2F). 
Furthermore, the knockdown of VIM-AS1 may 
remarkably inhibit the expression of cell cycle-re-
lated gene, including Cyclin A1 and PCNA (Figure 
2G). On the other hand, transwell assay analysis 
demonstrated that the knockdown of VIM-AS1 
markedly suppressed migration of both U87 and 
LN-229 cells (Figure 2H-I). Moreover, the silenc-
ing of VIM-AS1 significantly inhibited expression 
of migration-associated genes including E-cadher-
in, N-cadherin, and Vimentin (Figure 2J). 

Knockdown of VIM-AS1 Increased 
Glioma Apoptosis of U87 and LN-229 
In Vitro

Next, flow cytometry analysis explored that the sup-
pression of VIM-AS1 can significantly increase glioma 
cell apoptosis (Figure 3A-B). Further study showed that 

Figure 1. LncRNA VIM-AS1 was overexpressed in glioma tissues. A, The correlation of VIM-AS1 with the survival rate 
of glioma analyzed on STARBASE web. B, Histopathology of glioma determined by H&E analysis, and they were captured 
on a microscope (x200 magnifications). C, Real-time PCR analysis of VIM-AS1 expression in clinical samples, #p<0.01, vs. 
adjacent tissues. 
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Figure 2. Knockdown of VIM-AS1 suppressed glioma cell proliferation and migration. A, Real Time-PCR analysis of VIM-
AS1 in glioma cell lines, #p<0.01, vs. HM. B, Real-time PCR analysis of VIM-AS1 expression in U87 and LN-229 after 48 h 
transfection, #p<0.01, compared with si-NC. C, CCK-8 analysis of glioma cell proliferation at the indicated time after transfec-
tion, #p<0.01, compared with si-NC. D-E, Colony formation analysis of glioma cell growth after transfection and the colonies 
were captured (x1 magnifications) and statistically analyzed, #p<0.01 vs. si-NC. F, Flow cytometry analysis of cell cycle of 
U87 and LN-229 after 72 h transfection, #p<0.01 compared with si-NC. G, Real-time PCR analysis of expression of cell cy-
cle-related genes including Cyclin A1 and PCNA, after 72 h transfection, #p<0.01 compared with si-NC. H-I, Trans-well assay 
analysis of glioma cell migration after transfection and the migrated cells were captured (x400 magnifications) and statistically 
analyzed, #p<0.01 compared with si-NC. J, Real-time PCR analysis of expression of cell migration-related genes including 
E-cadherin, N-cadherin, and Vimentin after 72 h transfection, #p<0.01 vs. si-NC.
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the silencing of VIM-AS1 markedly downregulated 
Bcl-2 expression, while the knockdown of VIM-AS1 
upregulated Bax levels (Figure 3C). 

Knockdown of VIM-AS1 Inhibited 
Tumor Growth In Vivo

To investigate the role of VIM-AS1 in glioma 
progression in vivo, the nude mice were used in 
this study, and we constructed lentiviruses used 
for knocking down the expression of VIM-AS1 
in U87 cells. In the beginning, U87 glioma cells 
were incubated with these lentiviruses for 30 h. 
These treated cells were implanted into 5-week 
old BALB/c nude mice. Then, the tumor volume 
was measured every three days (Figure 4A). The 
data revealed that the downregulation of VIM-
AS1 significantly decreased the tumor volume 
and tumor weight (Figure 4A-C). Consistently, the 
suppression of VIM-AS1 significantly depressed 
the expression of Cyclin A1, PCNA, N-cadher-
in, Vimentin, and Bcl-2, while the suppression of 
VIM-AS1 elevated the expression of E-cadherin 
and Bax in these xenografts (Figure 4D-E). 

Reciprocal Suppression Between 
VIM-AS1 and MiR-105-5p in Glioma Cells

To explore the molecular mechanism of VIM-
AS1 in glioma development, we examined the re-
lationship of VIM-AS1 with miR-105-5p. Firstly, 
the bioinformatic data showed that the expression 
of VIM-AS1 was negatively correlated with miR-
105-5p in glioma tissues (Figure 5A). Secondly, we 
observed that the high expression of miR-105-5p 
indicated a better survival of patients (Figure 5B). 

Furthermore, the GEO microarray records and re-
al-time PCR analysis evidenced that miR-105-5p 
was significantly reduced in tumor tissues (Figure 
5C-D). Then, the overexpression of miR-105-5p 
significantly decreased the Luciferase activity of 
pGLO-VIM-AS1 in U87 and LN-229 cells, while 
it failed to affect the Luciferase activity of pGLO-
VIM-AS1-Mut which carried mutated binding 
sites (Figure 5E-F). Moreover, real-time PCR as-
says demonstrated that the overexpression of miR-
105-5p significantly downregulated the VIM-AS1 
expression in U87 and LN-229 cells (Figure 5G). 
Finally, RNA immunoprecipitation assay revealed 
that both miR-105-5p and VIM-AS1 were able to 
bind with Ago2 protein (Figure 5H-I). 

VIM-AS1 Blocked the Cancer-
Suppressing Role of MiR-105-5p

To determine the function of reciprocal sup-
pression between VIM-AS1 and miR-105-5p in 
glioma development, we overexpressed miR-105-
5p and VIM-AS1 in both U87 and LN-229 cells 
(Figure 6A). The data of CCK-8 assay showed 
that the overexpression of miR-105-5p can in-
hibit the glioma cell proliferation, and however, 
miR-105-5p-mediated inhibition can be blocked 
by the overexpression of VIM-AS1 (Figure 6B). 
Similarly, VIM-AS1 also significantly abolished 
miR-105-5p-mediated suppression of glioma cell 
colony formation (Figure 6C). Then, we observed 
that the overexpression of miR-105-5p markedly 
arrested glioma cells in the G0/G1 phase, and how-
ever, these changes of cell cycles were reversed by 
overexpression of VIM-AS1 (Figure 6D). Consis-

Figure 3. Knockdown of VIM-AS1 increased glioma the cell apoptosis. A-B, Annexin V-FITC/PI staining analysis of the 
glioma cell apoptosis rate after 72 h transfection in U87 and L-229 cells, and the apoptosis rate was statistically analyzed, 
#p<0.01 vs. si-NC. C, Real-time PCR analysis of expression of the cell apoptosis-related genes including Bcl-2 and Bax after 
72 h transfection, #p<0.01 vs. si-NC. 
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tently, the overexpression of VIM-AS1 blocked the 
overexpression of miR-105-5p-induced decrease of 
Cyclin A1 and PCNA (Figure 6E). 

Next, VIM-AS1 significantly attenuated miR-
105-5p-induced apoptosis and migration of both 
U87 and LN-229 cells evidenced by annexin 
V-FITC/PI staining and transwell assay (Figure 6F, 
H). Furthermore, the overexpression of VIM-AS1 
neutralized overexpression of miR-105-5p-me-
diated regulation of Bcl-2, Bax, and E-cadherin, 
N-cadherin, and Vimentin (Figure 6G, I). 

Oncogene WEE1 Was Synergistically 
Controlled by VIM-AS1 and MiR-105-5p

To examine the downstream target of miR-105-
5p, bioinformatic analysis exhibited that expres-
sion of VIM-AS1 was positively correlated with 
the expression of WEE1, and the expression of 
miR-105-5p was negatively correlated with the ex-
pression of WEE1 (Figure 7A). Then, the binding 
of miR-105-5p on WEE1 3’UTR was predicted on 
the STARBASE web (Figure 7B). The Luciferase 
reporter assays proved that miR-105-5p significant-

ly inhibited Luciferase activity of pGLO-WEE1-
3’UTR, which was activated by VIM-AS1 in U87 
and LN-229 cells (Figure 7C-D). Interestingly, 
the Luciferase activity of pGLO-WEE1-3’UTR 
was synergistically controlled by VIM-AS1 and 
miR-105-5p (Figure 7C-D). VIM-AS1 can abolish 
miR-105-5p-mediated downregulation of Lucifer-
ase activity, and meanwhile, miR-105-5p can block 
VIM-AS1-induced upregulation of Luciferase ac-
tivity (Figure 7C-D). Consistently, the overexpres-
sion of miR-105-5p markedly decreased WEE1 
expression, and the overexpression of VIM-AS1 
increased WEE1 expression at mRNA and protein 
levels (Figure 7E-G). More importantly, we ob-
served that the expression of oncogene WEE1 was 
synergistically modulated by VIM-AS1 and miR-
105-5p (Figure 7E-G). 

Discussion

Glioma, especially glioblastoma, is one of the 
main cause of brain cancer-induced death in Chi-

Figure 4. Knockdown of VIM-AS1 repressed tumor growth in vivo. A, The volume of tumors at the indicated time after im-
plantation, #p<0.01 vs. lenti-NC. B, The tumors were captured on the 15th day. C, The weight of tumors on the 15th day after 
implantation, #p<0.01 compared with lenti-NC. D-E, Western blot analysis of gene expression in tumors, and Image J software 
analysis of the corresponding optical density of protein bands, #p<0.01 vs. lenti-NC.
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na as well, as in Europe and the United States1-3. 
Many reports have explored that many lncRNAs 
are involved in human diseases, including gliomas. 
For instance, HOTAIR14, NEAT115, TP73-AS116, 
CRNDE17, H1918, SOX2OT10, XIST19, GAS520, and 
MALAT121 are participating in glioma progression 
through diverse molecular mechanisms. In previous 
studies, VIM-AS1 can function as an oncogene in 
colorectal cancer via inducing EMT23, and addition-

ally, VIM-AS1 also can positively regulate Vimentin 
expression22. In accordance with previous studies, 
we firstly verified the oncogenic role of VIM-AS1 
and identified VIM-AS1 as a potential prognos-
tic indicator in patients with glioma in this study.  
By conducting in vitro and in vivo experiments, we 
confirmed that VIM-AS1 could act as a sponge of 
miR-105-5p, which may decrease WEE1 expres-
sion by targeting 3’UTR of WEE1. Knockdown 

Figure 5. Reciprocal inhibition between VIM-AS1 and miR-105-5p in glioma cells. A, The correlation of VIM-AS1 with 
miR-105-5p analyzed on the STARBASE web. B, The correlation of miR-105-5p with survival rate of glioma analyzed on 
STARBASE web. C, The expression of miR-105-5p in microarray GSE41032 and GSE103228. D, Real-time PCR analysis 
of miR-105-5p in clinical tumor tissues and adjacent tissues, #p<0.01 vs. adjacent tissues. E, Real-time PCR analysis of miR-
105-5p expression after 72 h transfection in U87 and LN-229 cells, #p<0.01 vs. Mock. F, Luciferase reporter assay analysis of 
pGLO-VIM-AS1 after 72 h transfection with miR-105-5p, #p<0.01 vs. Mock. G, Real-time PCR analysis of VIM-AS1 expres-
sion after 72 h transfection with miR-105-5p in glioma cells, #p<0.01 compared with Mock. H-I, Real-time PCR analysis of 
miR-105-5p and VIM-AS1 content after performing the RNA immunoprecipitation assay with anti Ago2 in U87 and LN-229 
cells, #p<0.01 compared with IgG. 



Knockdown of long non-coding RNA VIM-AS1 inhibits glioma cell proliferation and migration

6843

Figure 6. VIM-AS1 attenuated the cancer-suppressing role of miR-105-5p. A, Real-time PCR analysis of VIM-AS1 after 72 
h transfection in U87 and LN-229 cells, #p<0.01 vs. Mock+pcDNA. B, CCK-8 analysis of glioma cell proliferation at the indi-
cated time after transfection, #p<0.01, vs. Mock+pcDNA. C, Colony formation analysis of glioma cell growth after transfection 
and the colonies were captured and statistically analyzed, #p<0.01 vs. Mock+pcDNA. D, Flow cytometry analysis of cell cycle 
of U87 and LN-229 after 72 h transfection. E, Real-time PCR analysis of expression of cell cycle-related genes including Cy-
clin A1 and PCNA, after 72 h transfection, #p<0.01 vs. Mock+pcDNA. F, Annexin V-FITC/PI staining analysis of glioma the 
cell apoptosis rate after 72 h transfection in U87 and L-229 cells, and the apoptosis rate was statistically verified, #p<0.01 vs. 
Mock+pcDNA. G, Real-time PCR analysis of expression of the cell apoptosis-related genes including Bcl-2 and Bax after 7 2h 
transfection, #p<0.01 vs. Mock+pcDNA. H, Transwell assay analysis of glioma cell migration after transfection and the migrat-
ed cells were captured and statistically evaluated, #p<0.01 vs. Mock+pcDNA. I, Real-time PCR analysis of expression of cell 
migration-related genes including E-cadherin, N-cadherin, and Vimentin after 72 h transfection, #p<0.01 vs. Mock+pcDNA. 
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of VIM-AS1 depressed glioma cell proliferation, 
migration, and increased the cell apoptosis in vi-
tro and in vivo, implying that downregulation of 
VIM-AS1 could be a beneficial treatment in gli-
oma patients. Consequently, inhibition of VIM-
AS1 could improve glioma progression. 

LncRNAs always modulate behaviors of 
cancer cells by regulating the expression of on-
cogenes and expression of tumor suppressors 
by functioning as sponges for lots of miRNAs 

resulting in suppressing miRNAs-mediated ef-
fects on its downstream target mRNAs10,13-21. 
In our study, bioinformatics analysis exhibited 
that VIM-AS1 can directly bind with miR-105-
5p. Luciferase reporter assays demonstrated 
that miR-105-5p overexpression significantly re-
pressed Luciferase activity of pGLO-VIM-AS1, 
indicating that VIM-AS1 possessed miR-105-5p 
binding site. In accordance with the data of Lu-
ciferase assays, the overexpression of miR-105-

Figure 7. Tumor enhancer WEE1 was synergistically controlled by VIM-AS1 and miR-105-5p. A, The correlation of VIM-
AS1 and miR-105-5p with WEE1 respectively analyzed on STARBASE web. B, The schematic of predicted binding sites of 
miR-105-5p with WEE1 sequence on STARBASE web. C-D, Luciferase reporter assay analysis of pGLO-WEE1-3’UTR after 
72 h transfection with the indicated nucleotide sequence and plasmids, #p<0.01 compared with Mock+pcDNA. E, Real-time 
PCR analysis of WEE1 after 72 h transfection with the indicated nucleotide fragment, #p<0.01 vs. Mock+pcDNA. F-G, West-
ern blot analysis of WEE1 after 72 h transfection, and Image J software analysis of the corresponding optical density of protein 
bands, #p<0.01 vs. Mock+pcDNA.
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5p significantly inhibited VIM-AS1 levels in 
glioma cells. More importantly, an endogenous 
interaction was observed between VIM-AS1 
and miR-105-5p using anti-Ago2 antibody, and 
reciprocal suppression was observed between 
VIM-AS1 and miR-105-5p in glioma cells. In the 
previous study, miR-105-5p was reported as a tu-
mor suppressor by targeting SOX924, and mean-
while, it was a negative regulator for metastasis 
of triple-negative breast cancer25. Consistently, 
miR-105-5p significantly decreased colony for-
mation, proliferation, and migration of both U87 
and LN-229 cells, and miR-105-5p also markedly 
enhanced the cell apoptosis of glioma cell lines 
in vitro, while miR-105-5p-controlled these gli-
oma cell behaviors can be partly abolished by 
overexpression of VIM-AS1. Thus, VIM-AS1 
exerted oncogenic functions on human glioma 
by downregulating miR-105-5p expression. 

MiRNAs often present its functions by binding 
3’UTR of downstream targets. In this study, miR-
105-5p could significantly inhibit the expression of 
its target gene WEE1. WEE1 is an oncogene in-
volved in cancer cell proliferation, apoptosis, and 
invasion26-28, and nowadays, chemical inhibitors, 
such as AZD-1775 and MK-1775, have been de-
veloped to target WEE1 resulting in improvement 
of WEE1-associated cancers29-33, suggesting that 
WEE1 is a meaningful target for cancer treatment. 
Therefore, miR-105-5p could exert its anti-can-
cer activity by downregulating WEE1 expression 
in gliomas, implying that WEE1 was needed for 
miR-105-5p-regulated cell growth, migration, and 
apoptosis in glioma cells. Furthermore, VIM-AS1 
could positively regulate WEE1 expression by 
sponging miR-105-5p in glioma cells evidenced 
by Luciferase reporter assay, real-time PCR, and 
Western blot, indicating that WEE1 is involved 
in VIM-AS1/miR-105-5p axis-mediated cancer 
progression. Finally, WEE1 was synergistically 
controlled by VIM-AS1 and miR-105-5p. Con-
sequently, these findings revealed that VIM-AS1 
could promote cell growth, migration, and it could 
inhibit the cell apoptosis via VIM-AS1/miR-105-
5p/WEE1 axis in glioma progression. 

Conclusion

In this study, VIM-AS1 was upregulated in 
glioma cancer tissues, and its high expression was 
positively associated with patients’ worse prog-
nosis. The knockdown of VIM-AS1 significant-
ly inhibited cancer cell proliferation, migration, 

while it increased cancer cell apoptosis of U87 
and LN-229 cells. Thus, VIM-AS1 was an onco-
gene of glioma. Importantly, reciprocal repression 
between VIM-AS1 and miR-105-5p was observed 
in cancer cells, and the knockdown of VIM-AS1 
reversed silencing of miR-105-5p-mediated glio-
ma cell growth, migration, and apoptosis in vitro. 
Additionally, WEE1 was synergistically regulat-
ed by VIM-AS1 and miR-105-5p in both U87 and 
LN-229 cells. Moreover, WEE1-involved VIM-
AS1/miR-105-5p axis was the essential mecha-
nism of glioma progression by modulating can-
cer cell proliferation, migration, and apoptosis. 
Together, the knockdown of VIM-AS1 or WEE1, 
overexpression of miR-105-5p might inhibit glio-
ma progression.
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