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Introduction

Lung cancer, causing an alarming number of deaths, is 
one of the most malignant cancers (1), in non-small cell 
lung cancer (NSCLC), is the leading cause of death of 
lung cancer, and accounts for approximately 80% of the 
total. About 75% of NSCLC patients are in the advanced 
stage, so the 5-year survival rate is low, which means that 
most NSCLC patients cannot be completely cured even 
after treatment (2). In addition, tumors are characterized 
by invasion and metastasis, which enhances their mali-
gnancy and accelerates progression, severely hindering 
the treatment effects, and leading to a large number of 
deaths (3). So far, there have been no effective methods 
for the diagnosis and treatment of NSCLC, especially ad-
vanced NSCLC. Therefore, it is of important significance 
to search for accurate prognostic markers of NSCLC, so as 
to improve the survival of NSCLC patients.

Long non-coding ribonucleic acids (lncRNAs) are en-
dogenous RNAs with over 200 nucleotides in length and 
with no or limited protein-coding capability (4,5). Studies 
showed that lncRNAs play important regulatory roles in 
cell development. The aberrantly-expressed lncRNAs 
participate in cancer biology at the transcriptional and 
post-transcriptional levels through various mechanisms 
(6,7). Recently, it has been proved that lncRNAs are asso-
ciated with the occurrence and development of NSCLC. 
For example, lncRNA PVT1 is not only overexpressed 
in NSCLC but also able to promote the progression of 
NSCLC and affect the prognosis of patients (8). A de-
creased expression level of lncRNA BANCR regulates the 

metastasis of NSCLC and is related to its prognosis (9). 
LncRNA FTH1P3 promotes the metastasis and invasion 
of NSCLC by inducing epithelial-mesenchymal transition 
(EMT) (10). LncRNA actin filament-associated protein 
1-antisense RNA1 (AFAP1-AS1) can regulate the integri-
ty of actin filaments, and function as an adaptor protein to 
link the Src family members and other signaling proteins 
to actin filaments (11). AFAP1-AS1 was originally disco-
vered in esophageal adenocarcinoma in 2013 (11). It is 
up-regulated as an oncogene in a variety of cancers, such 
as hepatocellular carcinoma, esophageal cancer, colorectal 
cancer, gallbladder cancer and nasopharyngeal carcinoma 
(12-16). It is believed that AFAP1-AS1 is up-regulated in 
NSCLC tissues and associated with lymph node metastasis 
and poor prognosis in NSCLC patients (17), and it is also a 
potential diagnostic marker of NSCLC (18). According to 
mechanism research, AFAP1-AS1 promotes the migration 
and invasion of NSCLC by up-regulating IRF7 and RIG-
I-like receptor signaling pathways (19) and induces cispla-
tin resistance in NSCLC through the PI3K/AKT pathway 
(20). In this study, the expression of AFAP1-AS1 in NS-
CLC cells was investigated, and whether the knockdown 
of AFAP1-AS1 could inhibit cell proliferation and inva-
sion in vitro and tumor growth in vivo was explored.

The Wnt/β-catenin signal transduction pathway is an 
important signaling pathway in embryonic development 
and adult tissue homeostasis (21). According to recent 
studies, aberrantly expressed Wnt/β-catenin is able to 
drive cancer initiation and progression (22). Mutations in 
target genes associated with the Wnt/β-catenin signaling 
pathway have been found in many different types of can-
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cer (23). A recent study found that AFAP1-AS1 promotes 
epithelial-mesenchymal transition (EMT) and tumorige-
nesis in triple-negative breast cancer through the Wnt/β-
catenin signaling pathway (24). However, the expression 
of AFAP1-AS1 in NSCLC cells and its association with 
the Wnt/β-catenin signaling pathway remain unclear. The-
refore, whether AFAP1-AS1 participates in the prolifera-
tion and apoptosis of NSCLC cells via the Wnt/β-catenin 
signaling pathway was investigated in this study.

Materials and Methods

Cell culture 
The human normal lung epithelial cell line (BEAS-2B) 

and human NSCLC cell line (A549) were purchased from 
the Shanghai Institute of Biochemistry and Cell Biology, 
Chinese Academy of Sciences (Shanghai, China). The 
cells were cultured in Dulbecco's modified Eagle medium 
(DMEM) (Invitrogen, Carlsbad, CA, USA) containing 
10% fetal bovine serum (FBS, Gibco, Rockville, MD, 
USA) and 1% penicillin/streptomycin solution in an incu-
bator with 5% CO2 at 37°C.

Cell transfection 
The sequences of siRNA targeting AFAP1-AS1 (shR-

AFAP1-AS1) and non-target negative control (shR-NC) 
were provided by Life Technologies (Gaithersburg, MD, 
USA). After A549 cells were cultured overnight, they 
were transfected with 50 nM shR-AFAP1-AS1 or shR-NC 
using Lipofectamine 3000 transfection reagent (Life Tech-
nologies, Gaithersburg, MD, USA). Only Lipofectamine 
3000 transfection reagent was added to the blank control 
group (Mock group).

Cell viability assay
The cell viability was determined via cell counting kit-

8 (CCK-8) assay, briefly as follows. The cells were inocu-
lated into a 96-well plate (2000 cells/well), and the optical 
density at 450 nm (OD450) was measured at different time 
points using the CCK-8 kit (Beyotime Biotechnology, 
Shanghai, China) according to the manufacturer's instruc-
tions.

Colony formation assay
About 1×104 cells were inoculated into a 6-well plate, 

with 3 replicates in each group. The cells were incuba-
ted in a CO2 incubator for 2 weeks, and the medium was 
replaced every 3 d. Then the cells were washed twice with 
phosphate-buffered saline (PBS) and stained with 0.5% 
crystal violet. The cell colonies formed were counted un-
der a microscope, and the colony formation efficiency was 
calculated: (colony count/inoculated cell count) × 100%.

Terminal deoxynucleotidyl transferase-mediated 
dUTP nick end labeling (TUNEL) assay

The cells were inoculated into a 96-well plate (4×103 
cells/well) and cultured in a humid environment with 5% 
CO2 at 37°C. Then the apoptotic cells were detected using 
one-step TUNEL apoptosis assay kits (Beyotime, Shan-
ghai, China), and nuclei were stained with DAPI (blue 
color). The fluorescence images were obtained under a 
fluorescence microscope (ECLIPSE Ts2R, Nikon, To-
kyo, Japan). TUNEL-positive cells were quantified using 
ImageJ software and counted using GraphPad Prism 7.0 
(La Jolla, CA, USA).

Quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR)

The cells were collected, from which the total RNA 
was extracted. The concentration and purity of RNA were 
determined using a NanoDrop-2000 spectrophotometer, 
and it was synthesized into complementary deoxyribose 
nucleic acid (cDNA) using reverse transcriptase. The 
transcriptional levels of proliferating cell nuclear antigen 
(PCNA), CyclinD1 and c-Myc were determined using 
SYBR Green PCR Master Mix and 7500-Fast real-time 
PCR system (Applied Biosystems, Foster City, CA, USA). 
The relative expression of mRNA was calculated using 
the 2-ΔΔCt method, with glyceraldheyde 3-phosphate dehy-
drogenase (GAPDH) as an internal reference. The primer 
sequences used are shown in Table 1.

Western blotting
After the corresponding treatment, the cells were col-

lected, and the protein samples were extracted using ra-
dioimmunoprecipitation assay (RIPA) lysis buffer (Beyo-
time, Shanghai, China) containing protease inhibitors, 
followed by sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE). The protein samples were 
incubated with β-catenin (1:2,000), GSK-3β (1:1,000), 
p-GSK-3β (1:1,000) and β-actin (1:2,000) primary anti-
bodies in a refrigerator at 4°C for 12-16 h, and incubated 
again with horse radish peroxidase (HRP)-labeled secon-
dary antibodies (1:1,500) at room temperature for 1-2 h. 
Then the protein samples were washed with PBS with 
Tween-20, and the protein bands were detected using elec-
trochemiluminescence (ECL).

Statistical analysis 
The experimental data were expressed as mean ± stan-

dard deviation. GraphPad Prism 7.0 (La Jolla, CA, USA) 
was used for statistical analysis. Differences between the 
two groups were analyzed by using the Student's t-test. 
Comparison between multiple groups was done using a 

Index Forward (5'-3') Reverse (5'-3')
GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC
PNCA CCTGCTGGGATATTAGCTCCA CAGCGGTAGGTGTCGAAGC
CyclinD1 GCTGCGAAGTGGAAACCATC CCTCCTTCTGCACACATTTGAA
c-Myc CGTCTCCACACATCAGCACAA TCTTGGCAGCAGGATAGTCCTT
β-catenin AAAGCGGCTGTTAGTCACTGG CGAGTCATTGCATACTGTCCAT
GSK-3β GGCAGCATGAAAGTTAGCAGA GGCGACCAGTTCTCCTGAATC
AFAP1-AS1 AATGGTGGTAGGAGGGAGGA CACACAGGGGAATGAAGAGG

Table 1. Primer sequences of qRT-PCR.
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NSCLC cells, the expression of AFAP1-AS1 was knocked 
down in A549 cells, and the changes in apoptosis were 
evaluated. As shown in Figure 3, AFAP1-AS1 knockdown 
markedly promoted the apoptosis of A549 cells (P<0.05).

Effects of AFAP1-AS1 knockdown on mRNA levels of 
PNCA, CyclinD1 and c-Myc 

To detect the effects of AFAP1-AS1 knockdown on the 
expressions of proliferation- and apoptosis-related genes, 
the mRNA levels of PNCA, CyclinD1 and c-Myc in A549 
cells were determined. After the knockdown of AFAP1-
AS1, the mRNA expressions of PNCA, CyclinD1 and c-
Myc declined in A549 cells (P<0.01) (Figure 4).

Knockdown of AFAP1-AS1 remarkably reduced acti-
vity of the Wnt signaling pathway 

After the knockdown of AFAP1-AS1 in A549 cells, the 
total RNA was extracted in each group, and the mRNA 
and protein levels of β-catenin and GSK-3β were deter-
mined via qRT-PCR and Western blotting, respectively. 
As shown in Figure 5, the mRNA and protein expressions 
of β-catenin and GSK-3β were remarkably suppressed in 
A549 cells after the knockdown of AFAP1-AS1 (P<0.01, 

One-way ANOVA test followed by Post Hoc Test (Least 
Significant Difference). P<0.05 suggested the statistically 
significant difference.

Results

Expression of AFAP1-AS1 rose in A549 cells 
The expression of lncRNA AFAP1-AS1 in A549 cells 

was analyzed via qRT-PCR. As shown in Figure 1, the 
expression of lncRNA AFAP1-AS1 significantly rose in 
A549 cells (P<0.01).

Knockdown of AFAP1-AS1 inhibited the proliferation 
of A549 cells 

To explore the effect of AFAP1-AS1 on the prolifera-
tion of NSCLC cells, the expression of AFAP1-AS1 was 
knocked down in A549 cells. It was found that the expres-
sion of AFAP1-AS1 in A549 cells could be effectively 
knocked down by shRNA (P<0.01, Figure 2A). Besides, 
the changes in A549 cell phenotype induced by AFAP1-
AS1 knockdown were evaluated. The results revealed that 
the growth of A549 cells was obviously inhibited after 
AFAP1-AS1 knockdown (P<0.05, Figure 2B). In addition, 
the number of colonies formed declined after AFAP1-AS1 
knockdown (P<0.01, Figure 2C).

Knockdown of AFAP1-AS1 markedly promoted apop-
tosis of A549 cells 

To detect the effect of AFAP1-AS1 on the apoptosis of 

Figure 1. The results of qRT-PCR showed that the expression of ln-
cRNA AFAP1-AS1 rose in A549 cells. Note: **P<0.01 vs. BEAS-2B 
cells.

Figure 2. Knockdown of AFAP1-AS1 obviously inhibited prolifera-
tion of A549 cells. (A) Knockdown efficiency of AFAP1-AS1 with 
shRNA. (B) Proliferation of A549 cells after AFAP1-AS1 knockdown 
detected using CCK-8 assay. (C) Colony formation assay. (magnifica-
tion: 40×) Note: *P<0.05, **P<0.01 vs. Mock group, #P<0.05, ##P<0.01 
vs. shR-NC group.

Figure 3. AFAP1-AS1 knockdown markedly promoted the apoptosis 
of A549 cells. (magnification: 200×) Note: **P<0.01 vs. Mock group, 
##P<0.01 vs. shR-NC group.

Figure 4. Effects of AFAP1-AS1 knockdown on mRNA levels of 
PNCA, CyclinD1 and c-Myc in A549 cells. Note: **P<0.05 vs. Mock 
group, ##P<0.05 vs. shR-NC group.
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P<0.05).

Discussion

NSCLC, with a 5-year overall survival rate of no more 
than 15%, accounts for about 85% of all lung cancers (25). 
Traditional treatment methods for NSCLC include surgery, 
chemotherapy and radiotherapy. However, none of them 
are effective for advanced NSCLC. Hence, it is of great 
importance to identify more valuable factors for impro-
ving the clinical effects of NSCLC. According to existing 
reports, many biomarkers have been determined for the 
diagnosis or prognosis of NSCLC, among which lncRNAs 
re new focuses. Lots of research found that lncRNAs, as 
novel prognostic markers of tumors, are of great signifi-
cance in the diagnosis and treatment of tumors (26). So 
far, more than 3,000 lncRNAs have been identified, but 
the function of only 1% of them has been clarified (27). 
Therefore, lncRNAs, as a class of molecular markers of 
diseases, need to be further studied.

LncRNAs are known to regulate many biological pro-
cesses, such as gene expression, cell development, dif-
ferentiation and apoptosis (28,29). Since AFAP1-AS1 is 
overexpressed in NSCLC tissues, it was speculated that 
AFAP1-AS1 may be related to the progression and deve-
lopment of NSCLC. The Wnt/β-catenin pathway plays an 
important role in the proliferation, survival and differen-
tiation of cancer cells (30,31). When Wnt ligands bind 
to transmembrane receptors, the Wnt signal transduction 
can be initiated. As β-catenin accumulates in the nucleus, 
β-catenin/TCF/LEF transcription complexes are formed, 
ultimately activating Wnt target genes and initiating a 
series of proliferation- and apoptosis-related events (30). 
There is increasing evidence that many important onco-
genes or tumor suppressor genes regulate the growth, 
migration and invasion of tumor cells by regulating the 
Wnt/β-catenin signaling pathway (32). In addition, lncR-
NAs also participate in these regulatory processes. For 

example, lncRNA PTCSC3 inhibits the proliferation and 
invasion of glioma cells by inhibiting the Wnt/β-catenin 
signaling pathway (33). LncRNA MALAT1 induces EMT 
and inhibits apoptosis of tongue cancer cells through the 
Wnt/β-catenin signaling pathway (34). Moreover, lncRNA 
MSC-AS1 regulates cell proliferation and migration in 
renal clear cell carcinoma by activating the Wnt/β-catenin 
signaling pathway ( (35, 36). According to previous stu-
dies, the proliferation, invasion and metastasis of NSCLC 
can be enhanced through the Wnt/β-catenin signaling 
pathway (37). In this study, it was found that AFAP1-
AS1 could promote the occurrence of NSCLC through 
the Wnt/β-catenin signaling pathway. The expressions 
of several molecules, including β-catenin, in the Wnt/β-
catenin signaling pathway were detected in this study. It 
was found that the knockdown of AFAP1-AS1 could si-
gnificantly down-regulate the expression of β-catenin in 
NSCLC cells, which indicates that the overexpression of 
AFAP1-AS1 in NSCLC can up-regulate the expression of 
β-catenin, thus promoting activation of the Wnt/β-catenin 
signaling pathway. Additionally, the expressions of proli-
feration- and apoptosis-related genes were determined by 
qRT-PCR. The results showed that the target genes asso-
ciated with the Wnt/β-catenin signaling pathway, inclu-
ding PCNA, CyclinD1 and c-Myc. played a role in the 
proliferation and apoptosis of NSCLC cells. However, the 
function of AFAP1-AS1 in the development of NSCLC 
needs to be further investigated.

In summary, this study provides the first evidence that 
AFAP1-AS1 is highly expressed in NSCLC cell lines. In 
addition, the knockdown of AFAP1-AS1 by shRNA can 
significantly inhibit the proliferation and clone forma-
tion of A549 cells and promote their apoptosis. Silencing 
AFAP1-AS1 partially inhibits tumor growth in vivo, which 
serves as an oncogene in NSCLC by inhibiting the Wnt/β-
catenin signaling pathway and suppressing the expression 
of the proliferation-related target genes.

Conclusions
In conclusion, AFAP1-AS1 is a promising potential tar-

get for clinical treatment of NSCLC. However, the clinical 
data were limited in this research, so a large number of 
clinical samples may be required for further experiments 
in the future.

Conflict of Interest
The authors declared no conflict of interest.

References 

1. Cheng X. Effects of Lung Rehabilitation Therapy in Improving 
Respiratory Motor Ability and Alleviating Dyspnea in Patients 
with Lung Cancer After Lobectomy: A Clinical Study. Altern Ther 
Health M 2022; 28(3): 18-23.

2. Ren X, Luo T, Ma H, Zhou M, Yu S. Immunotherapy and pro-
gnosis of non-small cell lung carcinoma by monomethoxy poly-
ethylene glycol-hyaluronic acid-platinum combined with immune 
CT4+and CT8+detection. Cell Mol Biol 2022; 68(6): 167-173.

3. Li M, Liu P, Wang B, Zhou J, Yang J. Inhibition of Nuclear Factor 
Kappa B as a Therapeutic Target for Lung Cancer. Altern Ther 
Health M 2022; 28(1): 44-51.

4. Huarte M. The emerging role of lncRNAs in cancer. Nat Med 
2015; 21(11): 1253-1261.

5. Feng Y, Su B, Xu Y, He Y, He R, Ge F. Expression of CD123 

Figure 5. Knockdown of AFAP1-AS1 remarkably reduced the activi-
ty of the Wnt signaling pathway. (A) MRNA expressions of β-catenin 
and GSK-3β were detected using qRT-PCR. (B) Protein expressions 
of β-catenin and GSK-3β were detected using Western blotting. Note: 
**P<0.05 vs. Mock group, ##P<0.05 vs. shR-NC group.



180

Ying Sun et al. / LncRNA AFAP1-AS1 in non-small cell lung cancer cells, 2023, 69(12): 176-180

related long non-coding RNA in Acute Myeloid Leukemia bone 
marrow mononuclear cells and its clinical significance. Cell Mol 
Biol 2022; 68(6): 140-147.

6. Gong Z, Yang Q, Zeng Z, et al. An integrative transcriptomic 
analysis reveals p53 regulated miRNA, mRNA, and lncRNA 
networks in nasopharyngeal carcinoma. Tumour Biol 2016; 
37(3): 3683-3695.

7. Gong Z, Zhang S, Zeng Z, et al. LOC401317, a p53-regulated 
long non-coding RNA, inhibits cell proliferation and induces 
apoptosis in the nasopharyngeal carcinoma cell line HNE2. Plos 
One 2014; 9(11): e110674.

8. Yang YR, Zang SZ, Zhong CL, Li YX, Zhao SS, Feng XJ. In-
creased expression of the lncRNA PVT1 promotes tumorigenesis 
in non-small cell lung cancer. Int J Clin Exp Patho 2014; 7(10): 
6929-6935.

9. Sun M, Liu XH, Wang KM, et al. Downregulation of BRAF 
activated non-coding RNA is associated with poor prognosis for 
non-small cell lung cancer and promotes metastasis by affecting 
epithelial-mesenchymal transition. Mol Cancer 2014; 13: 68.

10. Li Z, Wang Y. Long non-coding RNA FTH1P3 promotes the me-
tastasis and aggressiveness of non-small cell lung carcinoma by 
inducing epithelial-mesenchymal transition. Int J Clin Exp Patho 
2019; 12(10): 3782-3790.

11. Wu W, Bhagat TD, Yang X, et al. Hypomethylation of noncoding 
DNA regions and overexpression of the long noncoding RNA, 
AFAP1-AS1, in Barrett's esophagus and esophageal adenocarci-
noma. Gastroenterology 2013; 144(5): 956-966.

12. Zhang JY, Weng MZ, Song FB, et al. Long noncoding RNA 
AFAP1-AS1 indicates a poor prognosis of hepatocellular carcino-
ma and promotes cell proliferation and invasion via upregulation 
of the  RhoA/Rac2 signaling. Int J Oncol 2016; 48(4): 1590-1598.

13. Luo HL, Huang MD, Guo JN, et al. AFAP1-AS1 is upregulated 
and promotes esophageal squamous cell carcinoma cell prolife-
ration and inhibits cell apoptosis. Cancer Med-Us 2016; 5(10): 
2879-2885.

14. Wang F, Ni H, Sun F, Li M, Chen L. Overexpression of lncRNA 
AFAP1-AS1 correlates with poor prognosis and promotes tumo-
rigenesis in colorectal cancer. Biomed Pharmacother 2016; 81: 
152-159.

15. Ma F, Wang SH, Cai Q, Zhang MD, Yang Y, Ding J. Overex-
pression of LncRNA AFAP1-AS1 predicts poor prognosis and 
promotes cells proliferation and invasion in gallbladder cancer. 
Biomed Pharmacother 2016; 84: 1249-1255.

16. He B, Zeng J, Chao W, et al. Serum long non-coding RNAs MA-
LAT1, AFAP1-AS1 and AL359062 as diagnostic and prognos-
tic biomarkers for nasopharyngeal carcinoma. Oncotarget 2017; 
8(25): 41166-41177.

17. Deng J, Liang Y, Liu C, He S, Wang S. The up-regulation of long 
non-coding RNA AFAP1-AS1 is associated with the poor progno-
sis of NSCLC patients. Biomed Pharmacother 2015; 75: 8-11.

18. Li W, Li N, Kang X, Shi K. Circulating long non-coding RNA 
AFAP1-AS1 is a potential diagnostic biomarker for non-small cell 
lung cancer. Clin Chim Acta 2017; 475: 152-156.

19. Tang XD, Zhang DD, Jia L, Ji W, Zhao YS. lncRNA AFAP1-AS1 
Promotes Migration and Invasion of Non-Small Cell Lung Cancer 
via Up-Regulating IRF7 and the RIG-I-Like Receptor Signaling 
Pathway. Cell Physiol Biochem 2018; 50(1): 179-195.

20. Liu Y, Hu Q, Wang X. AFAP1-AS1 induces cisplatin resistance 
in non-small cell lung cancer through PI3K/AKT pathway. Oncol 
Lett 2020; 19(1): 1024-1030.

21. Yuan T, Cai D, Hu B, Zhu Y, Qin J. Therapeutic Effects of Curcu-
min on Osteoarthritis and Its Protection of Chondrocytes Through 
the Wnt/B-Catenin Signaling Pathway. Altern Ther Health M 
2022; 28(5): 28-37.

22. Saponaro C, Sergio S, Coluccia A, et al. beta-catenin knockdown 
promotes NHERF1-mediated survival of colorectal cancer cells: 
implications for a double-targeted therapy. Oncogene 2018; 
37(24): 3301-3316.

23. Steinhart Z, Pavlovic Z, Chandrashekhar M, et al. Genome-wide 
CRISPR screens reveal a Wnt-FZD5 signaling circuit as a drug-
gable vulnerability of RNF43-mutant pancreatic tumors. Nat Med 
2017; 23(1): 60-68.

24. Zhang K, Liu P, Tang H, et al. AFAP1-AS1 Promotes Epithelial-
Mesenchymal Transition and Tumorigenesis Through Wnt/beta-
Catenin Signaling Pathway in Triple-Negative Breast Cancer. 
Front Pharmacol 2018; 9: 1248.

25. Pastorino U. Lung cancer screening. Brit J Cancer 2010; 102(12): 
1681-1686.

26. Nie Y, Liu X, Qu S, Song E, Zou H, Gong C. Long non-coding 
RNA HOTAIR is an independent prognostic marker for nasopha-
ryngeal carcinoma progression and survival. Cancer Sci 2013; 
104(4): 458-464.

27. Chen J, Wang R, Zhang K, Chen LB. Long non-coding RNAs in 
non-small cell lung cancer as biomarkers and therapeutic targets. 
J Cell Mol Med 2014; 18(12): 2425-2436.

28. Yang L, Ma T, Zhang Y, Wang H, An R. Construction and Analy-
sis of lncRNA-miRNAmRNA ceRNA Network Identify an Eight-
Gene Signature as a Potential Prognostic Factor in Kidney Renal 
Papillary Cell Carcinoma (KIRP). Altern Ther Health M 2022; 
28(6): 42-51.

29. Mercer TR, Dinger ME, Mattick JS. Long non-coding RNAs: 
insights into functions. Nat Rev Genet 2009; 10(3): 155-159.

30. Nusse R, Clevers H. Wnt/beta-Catenin Signaling, Disease, and 
Emerging Therapeutic Modalities. Cell 2017; 169(6): 985-999.

31. Bao Z, Xu X, Liu Y, et al. CBX7 negatively regulates migration 
and invasion in glioma via Wnt/beta-catenin pathway inactiva-
tion. Oncotarget 2017; 8(24): 39048-39063.

32. Wang W, Wen Q, Luo J, et al. Suppression Of beta-catenin Nu-
clear Translocation By CGP57380 Decelerates Poor Progression 
And Potentiates Radiation-Induced Apoptosis in Nasopharyngeal 
Carcinoma. Theranostics 2017; 7(7): 2134-2149.

33. Xia S, Ji R, Zhan W. Long noncoding RNA papillary thyroid car-
cinoma susceptibility candidate 3  (PTCSC3) inhibits prolifera-
tion and invasion of glioma cells by suppressing the  Wnt/beta-
catenin signaling pathway. Bmc Neurol 2017; 17(1): 30.

34. Liang J, Liang L, Ouyang K, Li Z, Yi X. MALAT1 induces tongue 
cancer cells' EMT and inhibits apoptosis through Wnt/beta-cate-
nin signaling pathway. J Oral Pathol Med 2017; 46(2): 98-105.

35. Hu Z, Li L, Cheng P, et al. lncRNA MSC-AS1 activates Wnt/
beta-catenin signaling pathway to modulate cell proliferation and 
migration in kidney renal clear cell carcinoma via  miR-3924/
WNT5A. J Cell Biochem 2020; 121(10): 4085-4093.

36. Behzadmehr, R., Rezaie-Keikhaie, K. Evaluation of Active Pulmo-
nary Tuberculosis Among Women with Diabetes. Cell Mol Biomed 
Rep 2022; 2(1): 56-63. doi: 10.55705/cmbr.2022.336572.1036.

37. Zhang Q, Li YD, Zhang SX, Shi YY. Centromere protein U pro-
motes cell proliferation, migration and invasion involving Wnt/
beta-catenin signaling pathway in non-small cell lung cancer. Eur 
Rev Med Pharmaco 2018; 22(22): 7768-7777.


