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Abstract. – OBJECTIVE: To detect the ex-
pression of long non-coding ribonucleic acid 
(lncRNA) ASB16-AS1 in non-small cell lung can-
cer (NSCLC) tissues and cells, and to explore 
the effect of lncRNA ASB16-AS1 on the biologi-
cal functions of NSCLC cells.

PATIENTS AND METHODS: The expression 
level of lncRNA ASB16-AS1 in NSCLC tissues 
and cells was detected via real-time fluores-
cence quantitative Reverse Transcription-Poly-
merase Chain Reaction (qRT-PCR). The interfer-
ence sequences of lncRNA ASB16-AS1 were de-
signed and synthesized, and its transfection ef-
ficacy was detected by qRT-PCR. After knock-
down of lncRNA ASB16-AS1, the proliferation, 
cell cycle, and apoptosis of NSCLC cells were 
detected via cell counting kit-8 (CCK-8) assay, 
colony formation assay, and flow cytometry, re-
spectively. Moreover, the expression changes 
in the Wnt/β catenin signaling pathway were de-
tected via Western blotting.

RESULTS: LncRNA ASB16-AS1 was upregu-
lated in NSCLC tissues and cells compared with 
that in paracarcinoma tissues and 16HBE cells. 
The results of CCK-8 assay and colony forma-
tion assay revealed that the silence of lncRNA 
ASB16-AS1 attenuated the proliferative ability 
in NSCLC. The results of flow cytometry mani-
fested that the silence of lncRNA ASB16-AS1 ar-
rested the cell cycle in G0/1 phase, and acceler-
ated the apoptosis rate. The key proteins in the 
Wnt/β-catenin signaling pathway were regulated 
by lncRNA ASB16-AS1 in NSCLC.

CONCLUSIONS: LncRNA ASB16-AS1 is up-
regulated in NSCLC tissues and cells, which 
promotes proliferation and inhibits apoptosis of 
NSCLC cells through the Wnt/β-catenin signal-
ing pathway.
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Introduction

Lung cancer is a malignant tumor with the 
highest morbidity and mortality rates in the 
world. There are about 1.8 million new cases of 
lung cancer globally every year1. According to the 
pathological morphology and clinical features, 
lung cancer can be divided into small cell lung 
cancer (SCLC) and non-small cell lung cancer 
(NSCLC), and the latter accounts for about 80-
85%2. Currently, surgery is still the main treat-
ment for NSCLC. Great improvement has been 
made in therapeutic methods with the gradual 
maturity of therapeutic techniques, but the 5-year 
survival rate of NSCLC is still unsatisfactory (on-
ly 15%)3,4. Therefore, it is of great significance to 
explore the mechanisms underlying the occur-
rence and development of lung cancer for search-
ing for effective diagnostic indexes and therapeu-
tic targets.

Long non-coding ribonucleic acids (lncRNAs) 
are RNA strands with more than 200 bases in 
length without the protein-coding ability. Existing 
investigations5-7 have demonstrated that lncRNAs 
are involved in the occurrence and development of 
various diseases, such as tumors and diabetes by 
regulating transcription, translation, and protein 
localization. Lingling et al8 have shown that ln-
cRNAs play a role as “oncogenes” or “tumor-sup-
pressor genes” in the evolution of NSCLC. Hence, 
upregulated lncRNA SNHG20 inhibits prolifera-
tion, invasion, and migration, and promotes the 
apoptosis of NSCLC cells by adsorbing miR-154. 
Miao et al9 found that lncRNA HAND2-AS1 in-
hibits the invasion and metastasis of NSCLC cells 

European Review for Medical and Pharmacological Sciences 2020; 24: 1870-1876

L.-J. TAN1, J.-T. LIU2, M. YANG1, T. JU1, Y.-S. ZHANG1

1Department of Oncology, the First Affiliated Hospital of Harbin Medical University, Harbin, China
2Department of Otolaryngology, the First Affiliated Hospital of Harbin Medical University, Harbin, 
China

Lijun Tan and Jiangtao Liu contributed equally to this work

Corresponding Author: Lijun Tan, MD; e-mail: tlj777@sina.com

LncRNA ASB16-AS1 promotes proliferation 
and inhibits apoptosis of non small cell lung 
cancer cells by activating the Wnt/β catenin 
signaling pathway



LncRNA ASB16-AS1 promotes the progression of non small cell lung cancer

1871

by regulating the transforming growth factor-β1 
(TGF-β1) signaling pathway. However, the ex-
pression, biological function, and potential mo-
lecular mechanism of lncRNA ASB16-AS1 in 
NSCLC have not been reported yet.

LncRNA ASB16-AS1 is located on chromo-
some 17q21.31, with a total length of 937 bp. 
Its abnormal expression was first discovered by 
Zhang et al10 in gliomas. Upregulated lncRNA 
ASB16-AS1 promotes the invasion and metas-
tasis of glioma cells by regulating the epithe-
lial-mesenchymal transition. Our study found 
for the first time that lncRNA ASB16-AS1 was 
upregulated in NSCLC tissues and cells, which 
promoted proliferation and inhibited apoptosis 
of NSCLC cells by regulating the Wnt/β-caten-
in signaling pathway. The results of the present 
study enrich the molecular theory of occurrence 
and development of NSCLC, and provide molec-
ular targets for preventing the malignant prolif-
eration of NSCLC.

Patients and Methods

Tissue Specimens
The carcinoma tissues and paracarcinoma tis-

sues (more than 3 cm away from the carcinoma) 
were collected from 59 NSCLC patients under-
going excision in the First Affiliated Hospital of 
Harbin Medical University from January 2014 to 
June 2018. NSCLC was confirmed via pathologi-
cal examination after the operation. The patients 
were aged 35-75 years old. None of them received 
chemoradiotherapy and biotherapy before the 
operation, and they were not complicated with 
other tumors. The specimens were stored in the 
liquid nitrogen container at -80°C. The complete 
data of examinations, treatment, operation, and 
the contact information of patients were collected. 
This study was approved by the Ethics Commit-
tee of the hospital. The patients signed a written 
informed consent.

Cell Culture
The normal bronchial epithelial cell line 

16HBE and human NSCLC cell lines A549, 
NCI-H266, NCI-H1299, and SK-MES-1 were 
purchased from the Cell Resource Center of 
Shanghai Institutes for Biological Sciences, the 
Chinese Academy of Sciences (Shanghai, Chi-
na). 16HBE, A549, NCI-H266, H1299, and SK-
MES-1 cells were cultured in the Roswell Park 
Memorial Institute-1640 (RPMI-1640) or Dul-

becco’s Modified Eagle’s Medium (DMEM; Hy-
Clone, South Logan, UT, USA) containing 100 
mL/L fetal bovine serum (FBS; Gibco, Rock-
ville, MD, USA) in a humid environment with 
50 mL/L CO2 at 37°C.

Cell Transfection
NSCLC cells in a good growth state were inoc-

ulated into a 6-well plate (1.5×105 cells/well), and 
transfected with the negative control sequence 
(si-NC) or si-lncRNA ASB16-AS1 (5 μmo1/L) 
according to the instructions of the Lipofectami-
neTM 2000 transfection reagent kit (Invitrogen, 
Carlsbad, CA, USA). At 48 h after transfection, 
the cells and the supernatant were collected for 
corresponding detections. The sequences of the 
corresponding siRNA fragments were as fol-
lows: si-ASB16-AS1#1: 5’-GAAGAAGAGAA-
GAGAGAAA-3’; si-ASB16-AS1#2: 5’-GATA-
AAGAGTCCACT GACA-3’; si-ASB16-AS1#3: 
5’-CCTTGGCUAGAACGCAUATT-3’.

Real-Time Fluorescence Quantitative 
Reverse Transcription-Polymerase 
Chain Reaction (qRT-PCR) 

The total RNA was extracted using the TRIzol 
kit (Invitrogen, Carlsbad, CA, USA), respective-
ly, followed by the measurement of RNA con-
centration using an ultraviolet spectrophotometer 
(Hitachi, Tokyo, Japan). The complementary De-
oxyribose Nucleic Acid (cDNA) was synthesized 
according to the instructions of the PrimeScriptTM 
RT MasterMix kit (Invitrogen, Carlsbad, CA, 
USA). QRT-PCR reaction conditions were as fol-
lows: 94°C for 30 s, 55°C for 30 s, and 72°C for 90 
s, for a total of 40 cycles. The relative level of the 
target gene was expressed by the 2-ΔΔCt method. 
The primer sequences were as follows: lncRNA 
ASB16-AS1 forward: 5’-ATTGAAGATGCTGC-
CAAGGG-3’, reverse: 5’-GCCCAGTTTCAGTC-
CCTCTT-3’; GAPDH forward: 5’-TGCACCAC-
CAACTGCTTAGC-3’, reverse: 5’-GGCATG-
GACTGTGGTCATGAG-3’.

Cell Counting Kit-8 (CCK8) Assay and 
Colony Formation Assay

Quintuplicate wells were set in each group and 
cells were subjected to corresponding treatment. 
100 μL of mixed medium (90 μL of medium + 10 
μL of CCK-8 solution/well; Dojindo, Kumamoto, 
Japan) was added into each plate for incubation at 
37°C for 2 h. The absorbance was detected at 450 
nm and analyzed using a SpectraMax 190 light 
absorption microplate reader (Molecular Devices, 
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San Jose, CA, USA). In the experimental group 
and control group, the cells were inoculated into 
the 6-well plate (1×103 cells/well) and cultured for 
about 14 d until the formation of visible colonies. 
The cells were washed with Phosphate-Buffered 
Saline (PBS) for several times, fixed with para-
formaldehyde (10 g/L) for 30 min, stained with 
crystal violet dye for 10 min, air dried, and pho-
tographed. The assay was repeated for 3 times in 
each group. 

Cell Cycle
In the experimental group and control group, 

the cells were collected, fixed with cold ethanol 
(700 mL/L) at 4°C overnight, and stained with 
propidium iodide (PI, 0.05 mg/mL) and RNase (2 
mg/mL) at room temperature for 30 min. Then, 
the cell cycle was analyzed via flow cytometry 
(FACSCalibur; BD Biosciences, Detroit, MI, 
USA), and the cell ratio in each phase (G0/G1, S 
and G2/M phase) was evaluated using the Cell 
Lab Quanta SC software.

Apoptosis Rate
In the experimental group and control group, 

the cells were collected and washed twice with 
pre-cooled PBS. According to the instructions of 
the apoptosis kit, the cells were resuspended with 
1×binding buffer (l×106 cells/mL). Then, 100 μL 
of the suspension was added with 5 μL of Annex-
in V-FITC (fluorescein isothiocyanate) and 5 μL 
of PI, incubated in a dark place at room tempera-
ture for 15 min, and mixed evenly with 400 μL of 
binding buffer, followed by apoptosis determina-
tion using flow cytometry.

Western Blotting
In the experimental group and control group, 

the cells were collected and lysed with radio-
immunoprecipitation assay (RIPA) lysis buffer 
(Beyotime, Shanghai, China) on ice for 30 min, 
followed by ultrasonic oscillation at 20 W for 2 
min and centrifugation at 12000 g and 4°C for 10 
min. The supernatant was collected, and the pro-
tein concentration was measured. Then, 50 μg of 
proteins were separated via sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (100 g/L; 
spacer gel at 80 V for 40 min, and separation gel 
at 120 V for 90 min), transferred onto the mem-
brane at 100 V for 90 min, and sealed at room 
temperature for 1 h. The membranes were incu-
bated with primary antibodies of p21, β-catenin, 
CyclinD1 (1:500), and GAPDH (1:1000) at 4°C 
overnight. After the membrane was washed, the 

proteins were incubated with secondary antibod-
ies at 37°C for 1 h, and the membrane was washed 
again, followed by image development.

Statistical Analysis
The Statistical Product and Service Solutions 

(SPSS) 18.0 software (SPSS Inc., Chicago, IL, 
USA) was used for statistical analysis. The da-
ta were expressed as mean ± standard deviation 
(`χ±s). The t-test was used to analyze the mea-
surement data. The differences between the two 
groups were analyzed by the Student’s t-test. The 
comparison between multiple groups was done 
using One-way ANOVA test followed by a post-
hoc test (Least Significant Difference). p<0.05 
suggested that the difference was statistically sig-
nificant.

Results 

LncRNA ASB16-AS1 Was Highly 
Expressed in NSCLC Tissues and Cells

The results of qRT-PCR showed that among 59 
pairs of NSCLC tissues and paracarcinoma tis-
sues, the expression of lncRNA ASB16-AS1 was 
upregulated in 46 cases (78%) and downregulat-
ed in 13 cases (22%) (Figure 1A). Compared with 
that in human normal bronchial epithelial cells 
(16HBE), the expression of lncRNA ASB16-AS1 
was upregulated in NSCLC cells (Figure 1B). To 
study the biological function of lncRNA ASB16-
AS1 in NSCLC cells, si-lncRNA ASB16-AS1 was 
designed. The transfection efficacy of si-lncRNA 
ASB16-AS1 in NSCLC cells was detected via 
qRT-PCR (Figures 1C and 1D).

Effect of LncRNA ASB16-AS1 on 
Proliferation of NSCLC Cells

To study the effect of lncRNA ASB16-AS1 on 
the proliferation of NSCLC cells, the cells were 
transfected with si-lncRNA ASB16-AS1 or si-NC, 
respectively. The results of CCK8 assay revealed 
that the proliferation ability of NSCLC cells was 
weakened after the silence of lncRNA ASB16-
AS1 (Figures 2A and 2B). Then, the colony for-
mation assay was performed, and the same results 
were obtained (Figures 2C and 2D).

Effects of LncRNA ASB16-AS1 on Cell 
Cycle and Apoptosis of NSCLC Cells

The effects of lncRNA ASB16-AS1 on cell cy-
cle progression and apoptosis of NSCLC cell cycle 
were detected via flow cytometry. It is found that 



LncRNA ASB16-AS1 promotes the progression of non small cell lung cancer

1873

cell cycle was mainly arrested in G0/1 phase af-
ter the knockdown of lncRNA ASB16-AS1 in NS-
CLC (Figures 3A and 3B). Moreover, an increased 
apoptosis rate was identified in NSCLC cells with 
lncRNA ASB16-AS1 knockdown (Figures 3C and 
3D). Subsequently, the potential involvement of the 
Wnt/β-catenin signaling pathway in NSCLC pro-
gression mediated by lncRNA ASB16-AS1 was 
confirmed by Western blotting (Figures 3E and 
3F). Therefore, lncRNA AGB16-AS1 promoted the 
proliferation and inhibited apoptosis of NSCLC 
cells through the Wnt/β-catenin pathway.

Discussion 

NSCLC is the most common malignant tumor 
in the world, which has extremely high morbidi-
ty and mortality rates, ranking first in all malig-

nant tumors11,12. In recent years, both morbidity 
and mortality rates of NSCLC in China have 
shown an increasing trend, and its treatment fac-
es severe challenges13. The pathogenesis of NS-
CLC involves multiple genes, steps, and stages, 
in which the genetic and environmental factors 
are extensive and complex. With the gradual ap-
plication of molecular biological techniques in 
diseases, the search for appropriate and effec-
tive molecular markers and therapeutic targets 
is a new strategy for the treatment of NSCLC, 
currently.

LncRNAs play important regulatory roles in 
cellular activities. MALAT-1, one of the lung 
cancer-related lncRNAs, positively regulates 
the proliferation and metastasis of lung cancer 
cells mainly by interacting with corresponding 
miRNAs and proteins14,15. Moreover, CCAT-1 
has been proved to be highly expressed in lung 

Figure 1. Expression of lncRNA ASB16-AS1. A, 59 pairs of NSCLC tissues and paracarcinoma tissues are detected via qRT-
PCR. LncRNA ASB16-AS1 is upregulated in 46 cases and down-regulated in 13 cases. B, The relative expression of lncRNA 
ASB16-AS1 is detected via qRT-PCR in NSCLC and 16HBE cells. LncRNA ASB16-AS1 is upregulated in NSCLC cells. C, 
D, Interference efficiency of si-lncRNA ASB16-AS1 was detected via qRT-PCR in A549 and H1299 cells (**p<0.01, *p<0.05).
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adenocarcinoma and colorectal cancer, which 
can be used as an important molecular marker 
for tumor diagnosis16,17. Our findings for the first 
time demonstrated that lncRNA ASB16-AS1 
was upregulated in NSCLC tissues and cells. 
The knockdown of lncRNA ASB16-AS1 could 
inhibit proliferation and promote apoptosis of 
NSCLC cells.

The Wnt/β-catenin signaling pathway is a 
highly conserved signal transduction pathway, 
which is closely related to the incidence of var-
ious human diseases. It is abnormally activated 
in liver cancer and lung cancer. The activation 
of the Wnt/β-catenin signaling pathway can pro-

mote the occurrence and development of tumors 
by modulating proliferation, migration, and 
apoptosis of tumor cells18. In the presence of a 
Wnt signal, the complex can be formed through 
a series of processes. Once it is activated, the 
nuclear βcatenin binds to the TCF/LEF protein 
and activates target genes, such as c-myc and 
CyclinD119. Wnt/β-catenin signaling pathway is 
reported20,21 to be regulated by many lncRNAs 
and further participates in tumor progression. 
This study disclosed that lncRNA ASB16-AS1 
could promote proliferation and inhibit apopto-
sis of NSCLC cells by regulating the Wnt/β-cat-
enin signaling pathway.

Figure 2. Effect of lncRNA ASB16-AS1 on proliferation of NSCLC cells. A, C, The results of CCK-8 assay reveal that the 
proliferation ability of NSCLC cells is weakened after the interference in lncRNA ASB16-AS1 expression. B, D, The results 
of the colony formation assay reveal that the proliferation ability of the NSCLC cells declines in the experimental group 
compared with the control group (**p<0.01,*p<0.05) (magnification ×40).
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Conclusions

In summary, lncRNA ASB16-AS1 is upregu-
lated in NSCLC tissues and cells, and the high-

ly expressed lncRNA ASB16-AS1 promotes 
proliferation and inhibits apoptosis of NSCLC 
cells through the Wnt/β-catenin signaling 
pathway.

Figure 3. Effects of lncRNA ASB16-AS1 on cell cycle and apoptosis of NSCLC cells. A, B, The results of flow cytometry 
showed that the cell cycle is arrested in G0/1 phase after interference in lncRNA ASB16-AS1 expression in NSCLC cells. C, D, 
The results of flow cytometry showed that the apoptosis rate is increased after interference in lncRNA ASB16-AS1 expression 
in NSCLC cells in both groups (**p<0.01, *p<0.05). E, F, Western blotting results showed the expression changes in the 
molecular markers in the Wnt/β-catenin signaling pathway after interference in lncRNA ASB16-AS1 expression.



L.-J. Tan, J.-T. Liu, M. Yang, T. Ju, Y.-S. Zhang

1876

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

 1) Siegel Rl, MilleR KD, JeMal a. Cancer statistics, 
2018. CA Cancer J Clin 2018; 68: 7-30.

 2) RafieManeSh h, MehtaRpouR M, Khani f, heSaMi SM, 
ShaMlou R, towhiDi f, Salehiniya h, MaKhSoSi BR, 
Moini a. Erratum to epidemiology, incidence and 
mortality of lung cancer and their relationship with 
the development index in the world. J Thorac Dis 
2019; 11: E24.

 3) MilMan S, ng t. Protective ventilation for lung can-
cer surgery, the truth likely lies somewhere in the 
middle. J Thorac Dis 2019; 11: 373-375.

 4) gueRReRa f, lococo f, evangeliSta a, Rena o, aM-
pollini l, vannucci J, eRRico l, lauSi po, ventuRa l, 
MaRcheSe v, paci M, filoSSo pl, oliaRo a, caSaDio c, 
puMa f, Ruffini e, aRDiSSone f. Risk of recurrence 
in stage I adenocarcinoma of the lung: a multi-in-
stitutional study on synergism between type of 
surgery and type of nodal staging. J Thorac Dis 
2019; 11: 564-572.

 5) niu g, Zhuang h, li B, cao g. Long noncoding 
RNA linc-UBC1 promotes tumor invasion and 
metastasis by regulating EZH2 and repressing 
E-cadherin in esophageal squamous cell carcino-
ma. J BUON 2018; 23: 157-162.

 6) SaeiDi l, ghaeDi h, SaDataMini M, vahaBpouR R, RahiMi-
pouR a, ShanaKi M, ManSooRi Z, KaZeRouni f. Long 
non-coding RNA LY86-AS1 and HCG27_201 ex-
pression in type 2 diabetes mellitus. Mol Biol Rep 
2018; 45: 2601-2608.

 7) Zhang QS, wang Zh, Zhang Jl, Duan yl, li 
gf, Zheng Dl. Beta-asarone protects against 
MPTP-induced Parkinson’s disease via regulat-
ing long non-coding RNA MALAT1 and inhibit-
ing alpha-synuclein protein expression. Biomed 
Pharmacother 2016; 83: 153-159.

 8) lingling J, Xiangao J, guiQing h, Jichan S, feifei S, 
haiyan Z. SNHG20 knockdown suppresses pro-
liferation, migration and invasion, and promotes 
apoptosis in non-small cell lung cancer through 
acting as a miR-154 sponge. Biomed Pharmaco-
ther 2019; 112: 108648.

 9) Miao f, chen J, Shi M, Song y, chen Z, pang l. Ln-
cRNA HAND2-AS1 inhibits non-small cell lung 
cancer migration, invasion and maintains cell 
stemness through the interactions with TGF-β1. 
Biosci Rep 2019; 39: BSR20181525.

10) Zhang D, Zhou h, liu J, Mao J. Long noncoding 
RNA ASB16-AS1 promotes proliferation, migra-
tion, and invasion in glioma cells. Biomed Res Int 
2019; 2019: 5437531.

11) Zhang My, Zhang Zl, cui hX, wang RK, fu l. Long 
non-coding RNA FENDRR inhibits NSCLC cell 
growth and aggressiveness by sponging miR-
761. Eur Rev Med Pharmacol Sci 2018; 22: 8324-
8332. 

12) Duan J, yang Z, liu D, Shi y. Clinical efficacy of 
bevacizumab combined with gemcitabine and 
cisplatin combination chemotherapy in the treat-
ment of advanced non-small cell lung cancer. J 
BUON 2018; 23: 1402-1406.

13) Dong J, li B, lin D, Zhou Q, huang D. Advanc-
es in targeted therapy and immunotherapy for 
non-small cell lung cancer based on accurate 
molecular typing. Front Pharmacol 2019; 10: 
230.

14) gutSchneR t, haMMeRle M, eiSSMann M, hSu J, KiM y, 
hung g, RevenKo a, aRun g, StentRup M, gRoSS M, 
ZoRnig M, MacleoD aR, SpectoR Dl, DieDeRichS S. 
The noncoding RNA MALAT1 is a critical regu-
lator of the metastasis phenotype of lung cancer 
cells. Cancer Res 2013; 73: 1180-1189.

15) yang Q, chen w, Xu y, lv X, Zhang M, Jiang h. 
Polyphyllin I modulates MALAT1/STAT3 signal-
ing to induce apoptosis in gefitinib-resistant non-
small cell lung cancer. Toxicol Appl Pharmacol 
2018; 356: 1-7.

16) Xu c, Xiao g, Zhang B, wang M, wang J, liu D, 
Zhang J, Ren h, Sun X. CCAT1 stimulation of the 
symmetric division of NSCLC stem cells through 
activation of the Wnt signalling cascade. Gene 
Ther 2018; 25: 4-12.

17) li y, Jing f, Ding y, he Q, Zhong y, fan c. Long 
noncoding RNA CCAT1 polymorphisms are as-
sociated with the risk of colorectal cancer. Can-
cer Genet 2018; 222-223: 13-19.

18) aBDelhaMeD Za, aBDelMottaleB Di, el-aSRag Me, na-
taRaJan S, wheway g, ingleheaRn cf, tooMeS c, John-
Son ca. The ciliary Frizzled-like receptor Tmem67 
regulates canonical Wnt/beta-catenin signalling 
in the developing cerebellum via Hoxb5. Sci Rep 
2019; 9: 5446.

19) SchaefeR Kn, peifeR M. Wnt/beta-catenin signaling 
regulation and a role for biomolecular conden-
sates. Dev Cell 2019; 48: 429-444.

20) lin h, Shangguan Z, Zhu M, Bao l, Zhang Q, pan S. 
LncRNA FLVCR1-AS1 silencing inhibits lung can-
cer cell proliferation, migration, and invasion by 
inhibiting the activity of the Wnt/beta-catenin sig-
naling pathway. J Cell Biochem 2019; 120: 10625-
10632.

21) Zheng y, lu S, Xu y, Zheng J. Long non-coding RNA 
AGAP2-AS1 promotes the proliferation of glioma 
cells by sponging miR-15a/b-5p to upregulate the 
expression of HDGF and activating Wnt/beta-cat-
enin signaling pathway. Int J Biol Macromol 2019; 
128: 521-530.


