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ABSTRACT 

Brain cancers are among the most aggressive malignancies with high mortality and morbidity worldwide. The 

pathogenesis of brain cancers is a very complicated process involving various genetic mutations affecting several 

oncogenic signaling pathways like Wnt/β-catenin axis. Uncontrolled activation of this oncogenic signaling is as-

sociated with decreased survival rate and poor prognosis in cancer patients. Long non-coding RNAs (lncRNAs) 

and microRNAs (miRNAs) were shown to play important roles in regulating cell proliferation, differentiation, and 

apoptosis by regulating the expression of their target genes. Aberrant expression of these non-coding RNAs 

(ncRNAs) was reported in many human cancers, including glioblastoma, medulloblastoma, meningioma, and pi-

tuitary adenoma. Multiple lncRNAs were shown to participate in brain tumor pathogenesis by targeting Wnt sig-

naling regulatory miRNAs. SNHG7/miR-5095, PCAT6/miR-139-3p, SNHG6/miR-944, SNHG1/ miR-556‐5p, 

SNHG17/ miR-506-3p, LINC00702/miR-4652-3p, DLGAP1-AS1/miR-515-5p, HOTAIR/miR-1, HOTAIR/miR-

206, CRNDE/miR-29c-3p, AGAP2-AS1/ miR-15a/b-5p, CLRN1-AS1/miR-217, MEG3/miR-23b-3p, and 

GAS5/miR-27a-5p are identified lncRNA/miRNA pairs that are involved in this process. Therefore, recognition 
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of the expression profile and regulatory role of ncRNAs on the Wnt signaling may offer a novel approach to the 

diagnosis, prognosis, and treatment of human cancers. This review summarizes previous data on the modulatory 

role of lncRNAs/miRNAs on the Wnt/β-catenin pathway implicated in tumor growth, EMT, metastasis, and 

chemoresistance in brain cancers.  
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INTRODUCTION 

Brain cancers, as one of the most aggres-

sive malignancies, cause high mortality in 

adults and children. In adults, meningioma, 

pituitary adenoma (PA), and glioblastoma 

(GBM) are common, but medulloblastoma is 

more common in children (Lapointe et al., 

2018; Reynoso-Noverón et al., 2021). Surgi-

cal intervention, radiation, and chemotherapy 

are common therapeutic options for brain can-

cer. However, the median survival time can-

not be improved by these therapeutic strate-

gies and there is an urgent need to identify ef-

fective therapies to decrease mortality rates in 

cancer patients. Emerging evidence high-

lights the role of ncRNAs as master regulators 

involved in tumorigenesis and metastasis by 

stimulating the activity of various oncogenic 

signaling pathways like Wnt/β-catenin axis 

(Rahmani et al., 2018, 2021, 2022; Soleimani 

et al., 2018). Due to the crucial role of these 

oncogenic routes in tumor formation and de-

velopment, promoting their activity is re-

garded as one of the main processes involved 

in human tumorigenesis. (Rahmani et al., 

2020a, b; 2023).  

Wnt signaling route is classified into β-

catenin dependent (canonical) and β-catenin 

independent (noncanonical) pathways (Rah-

mani et al., 2018). The canonical Wnt path-

way was shown to have a critical impact on 

tumor growth, angiogenesis, invasion, and 

metastasis (Rahmani et al., 2019, 2020a; 

Amerizadeh et al., 2022). In the activated 

form, the Wnt ligands were bound to their re-

ceptors including LDL receptor–related pro-

tein 5 or 6 (LRP-5/6) and Frizzled proteins re-

sulted in the inactivation of β-catenin destruc-

tion complexes including glycogen synthase 

kinase 3β (GSK 3β), adenomatous polyposis 

coli (APC), casein kinase 1α (CK 1α), and 

Axin proteins. In this condition, the cytoplas-

mic β-catenin molecules are transferred to the 

nucleus and elevate transcription activity of 

T-cell factor/lymphocyte enhancer factor 

(TCF/LEF) complexes to increase expression 

of Wnt downstream effectors like survivin, c-

Myc, matrix metalloproteinases, and cyclin 

D1 (Rahmani et al., 2018, 2020a). Cyclin D1 

protein was shown to be upregulated in sev-

eral tumors like GBM, hepatocellular carci-

noma (HCC), colorectal cancer (CRC), and 

prostate cancer (PC) (Seifi et al., 2020; Rah-

mani et al., 2021). 

Accumulating data suggest that several 

ncRNAs have essential roles in modulating 

the canonical Wnt axis which is over-acti-

vated in various types of human malignancies 

(Takao Real Karia et al., 2021; Ji et al., 2022; 

Rahmani et al., 2022). Mechanistically, 

ncRNAs regulate Wnt/β-catenin route by sup-

pressing Wnt downstream proteins like cyclin 

D1 and β-catenin suggesting a promising ap-

proach for better management and treatment 

of brain cancers. 

 

ROLE OF NCRNAS IN  

TUMORIGENESIS 

Genome sequencing studies revealed that 

only about 2 % of the human genome is tran-

scribed into a protein, and the rest of the RNA 

transcripts are considered ncRNAs including 

microRNAs (miRNAs), long non-coding 

RNAs (lncRNAs), and circular RNAs (circR-

NAs) (Khanbabaei et al., 2022; Zeng et al., 

2022). miRNAs are endogenous small RNAs 

(18-23 nucleotides) that inhibit the expression 

of certain mRNAs by directly bound to their 

3'-untranslated regions (UTRs) (Ali Syeda et 

al., 2020). The role of miRNAs as oncogene 

or tumor suppressor genes in regulating vari-

ous cellular processes including cell cycle 
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progression, proliferation, and apoptosis, is 

widely recognized (Rahmani et al., 2020a, c, 

d). LncRNAs, as another group of ncRNAs 

with at least 200 nucleotides, were shown to 

be implicated in different biological processes 

by modulating the expression of their target 

genes implicated in cell proliferation, sur-

vival, and apoptosis by operating as a compet-

ing endogenous RNA (ceRNA) for certain 

miRNAs (Wang et al., 2019a; Basera et al., 

2022). 

CircRNAs are known as a stable group of 

ncRNAs that are more resistant to nuclease 

enzymes due to their cyclic structure. Like 

lncRNAs, circRNAs function as ceRNA for 

certain miRNAs and regulate their expression 

at various transcriptional levels (Aboutalebi 

et al., 2020). Emerging evidence suggests that 

uncontrolled expression of ncRNAs facili-

tates tumor growth and progression through 

stimulating cellular signalings involved in 

proliferation and metastasis (Lv and Huang, 

2019; Rahmani et al., 2022). 

 

THE INTERPLAY BETWEEN NCRNAS 

AND WNT/Β-CATENIN PATHWAY IN 

GLIOBLASTOMA 

Glioblastoma (GBM) is among the most 

common malignancies in the CNS with a dis-

mal survival rate (Si et al., 2020; Stylli, 2020; 

Payazdan et al., 2021). GBM tumorigenesis is 

a complicated process that involves multiple 

genetic modifications like upregulation of on-

cogenes or suppression of tumor suppressors 

that stimulate the activity of different signal-

ing pathways including Wnt/β-catenin axis 

(Zuccarini et al., 2018; Latour et al., 2021).  

Recent studies on the molecular mecha-

nisms involved in human tumorigenesis indi-

cate that various lncRNAs promote GBM 

growth and progression by inhibiting certain 

anti-cancer miRNAs including miR-15a/b-5p 

and miR-5095 (Ren et al., 2018; Zheng et al., 

2019; Li et al., 2020; Wang et al., 2021b). 

Consistently, increased expression of 

lncRNA AGAP2 antisense RNA 1 (AGAP2-

AS1) is related to poor prognosis and lower 

survival rates in GBM patients. It has been 

found that AGAP2-AS1 is critically 

implicated in GBM development and progres-

sion by targeting miR-15a/b-5p and upregula-

tion of β-catenin and cyclinD1 in the canoni-

cal Wnt axis (Zheng et al., 2019). 

Likewise, the lncRNA DLGAP1-AS1 as a 

ceRNA for miR-515-5p upregulates the Rho-

associated coiled-coil containing protein ki-

nase 1 (ROCK1) and enhances tumor growth 

by inducing the canonical Wnt pathway 

(Wang et al., 2021b). ROCK1 as one of the 

main components of Wnt signaling was re-

ported to induce tumor cell invasion and me-

tastasis in various cancers including non-

small cell lung cancer (NSCLC), breast can-

cer, and GBM (Maskey et al., 2017; Ko et al., 

2021). Therefore, the DLGAP1-AS1/miR-

515-5p/ROCK1 route may be investigated as 

a promising therapeutic axis for GBM. 

LncRNA small nucleolar RNA host gene 

7 (SNHG7) is another tumor-related lncRNA 

that induces GBM tumorigenesis by sponging 

miR-5095. The expression of SNHG7 is ob-

served to be inversely associated with clinical 

outcomes and survival rate in patients with 

GBM (Ren et al., 2018). Restoration of 

SNHG7 facilitates cancer progression and 

metastasis by inhibiting miR-5095 and upreg-

ulating β-catenin, cyclinD1, and c-myc pro-

teins (Ren et al., 2018). In addition, upregula-

tion of lncRNA small nucleolar RNA host 

gene 17 (SNHG17) is observed in various 

cancers including NSCLC, gastric cancer 

(GC), and GBM. SNHG17 located in chromo-

some 20q11.23 has critical effects on regulat-

ing tumor cell growth and apoptosis. Li et al. 

illustrated that SNHG17 suppresses miR-506-

3p to enhance the expression of CTNNB1/β-

catenin and elevates GBM cell invasion and 

metastasis (Li et al., 2020). The expression of 

CTNNB1 was also shown to be upregulated 

by lncRNA SNHG5. It has been shown that 

the knockdown of SNHG5 inhibits malignant 

features of GBM by suppressing CTNNB1 

and downregulating Wnt/β-catenin signaling 

axis (Chen et al., 2019).  

As mentioned before, the β-catenin pro-

tein as the main effector of canonical Wnt sig-

naling has critical effects in regulating cell 

proliferation, migration, and metastasis. β-
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catenin forms activating complexes with the 

nuclear transcription factors and upregulates 

cyclinD1 and c-myc (Rahmani et al., 2020c, 

d). As presented in Table 1, there are multiple 

oncogenic lncRNAs that induce the expres-

sion of β-catenin in GBM.

 

 
Table 1: Oncogenic lncRNAs 

LncRNA Chromo-
some 

Cancer Mechanism Function Reference 

AGAP2-
AS1 

12q14.1 GBM Sponging miR-15a/b-5p 
and inducing β-catenin, cy-

clin D1, and c-myc 

Tumor growth and 
invasion 

Zuccarini et al. 
2018 

DLGAP1-
AS1 

18p11.31 GBM Sponging miR-515-5p and 
stimulating Rock1 

Tumor invasion and 
metastasis 

Zheng et al, 2019 

SNHG7 9q34.3 GBM Sponging miR-5095 and 
inducing β-catenin, cyclin 

D1, and c-myc 

Tumor growth and 
metastasis 

Wang et al., 
2021b 

SNHG17  20q11.23 GBM Sponging miR-506-3p and 
inducing CTNNB1/β-

catenin 

Cell proliferation and 
metastasis 

Ren et al., 2018 

SNHG5 6q14.3 GBM Promoting CTNNB1/β-
catenin 

Tumor growth and 
metastasis 

Ko et al., 2021 

HOXA13 7p15.2 GBM Inducing β-catenin, SMAD 
2 and SMAD3 

Cell migration, EMT 
and metastasis   

Chen et al., 2019; 
Dong et al., 2017 

BLACAT1 1q32.1 GBM Inducing β-catenin, cyclin 
D1, vimentin, and cadherin 

proteins 

EMT and metastasis Soleimani et al., 
2019; Li et al., 

2019b 

LINC01503 9q34.11 GBM Inducing β-catenin, cyclin 
D1, and c-myc 

Cell proliferation, in-
vasion and migration 

Zhou et al., 2022 

DANCR 4q12 GBM Inducing β-catenin, c-myc, 
vimentin, and suppressing 

E-cadherin 

EMT and metastasis Wang et al., 2018 

H19 11p15.5 GBM Inducing β-catenin and cy-
clin D1 

Tumor growth, inva-
sion, and metastasis 

Li et al., 2018 

CCAT2 8q24.21 PA Regulating the expression 
of MMP2 and MMP13  

Tumor invasion and 
metastasis 

Beylerli et al., 
2020 

PCAT6 1q32.1 PA Sponging miR-139-3p and 
regulating E-cadherin and 

N-cadherin 

Tumor EMT and me-
tastasis 

Fu et al., 2018; 
Ma et al., 2022 

SNHG6 8q13.1 PA Sponging miR-944 and 
regulating vimentin and E-

cadherin 

Tumor invasion and 
metastasis 

Ghafouri-Fard et 
al., 2021a; Zhao 

et al., 2021 

PVT1 8q24.21 PA Inducing β-catenin, cyclin 
D1, and c-myc 

Cell proliferation, 
chemo-resistance, 
migration, and EMT 

Shen et al., 2020; 
Mao et al., 2022 

SNHG1 11q12.3 Menin-
gioma 

Sponging miR-556‐5p and 
targeting TCF12 

Tumor growth and 
development 

Smitha et al., 
2021 

LINC00702 10p15.1 Menin-
gioma 

Sponging miR-4652-3p 
and upregulating ZEB1, β-
catenin, cyclin D1 and c-

myc  

Tumor growth and 
metastasis 

Ghafouri-Fard et 
al., 2021b 

HOTAIR 12q13.13 Medul-
loblas-
toma 

Sponging miR-1 and miR-
206 and inducing YY1 

Tumor growth and 
metastasis 

Li et al., 2019a 

CRNDE 16q12.2 Medul-
loblas-
toma 

Sponging miR-29c-3p and 
inducing Wnt/β-catenin 

pathway 

Tumor growth, me-
tastasis, and chemo-

resistance 

Dhanyamraju et 
al., 2020; Zhang 

et al., 2020a 

UCA1 19p13.12 Medul-
loblas-
toma 

Inducing Wnt/β-catenin 
pathway 

Cell proliferation and 
metastasis 

Sun et al., 2020; 
Lu et al., 2020 
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For example, the expression of lncRNA 

HOXA13 is increased in several cancers, in-

cluding HCC, PC, and GBM, which is associ-

ated with dismal prognosis and aggressive 

features in cancer patients (Dong et al., 2017). 

Duan et al. showed that HOXA13 promotes 

GBM progression and metastasis by upregu-

lating β-catenin and inducing the canonical 

Wnt pathway (Duan et al., 2015). More im-

portantly, it has been shown that HOXA13 in-

duces tumor cell metastasis by regulating the 

expression of SMAD 2 and SMAD3 (Duan et 

al., 2015). The SMAD proteins function as 

transcription factors in the TGF pathway and 

have crucial effects in promoting tumor inva-

sion and EMT (Soleimani et al., 2019). Simi-

larly, the overexpression of lncRNA bladder 

cancer-associated transcript 1 (BLACAT1) is 

reported to be associated with tumor malig-

nant features in patients with GBM. Increased 

expression of lncRNA BLACAT1 is reported 

in several cancers including GBM, NSCLC, 

GC, and cervical cancer (CC) (Wang et al., 

2018; Li et al., 2019b). Silencing BLACAT1 

reduces cancer growth, EMT, and metastasis 

by regulating β-catenin, cyclin D1, vimentin, 

and cadherin proteins (Li et al., 2019b). More-

over, the expression of oncogenic lncRNA 

ADAMTS9-AS1 was observed to be corre-

lated with tumor growth and aggressiveness 

in patients with GBM. LncRNA ADAMTS9-

AS1 located on chromosome 3p14.1 is impli-

cated in cancer cell proliferation, invasion, 

and metastasis. Zhou et al. reported that de-

pletion of lncRNA ADAMTS9-AS1 inhibits 

GBM progression and metastasis by modulat-

ing β-catenin, c-myc, and E-cadherin (Zhou et 

al., 2022). Similarly, lncRNA DANCR as an-

other oncogenic ncRNA was reported to pro-

mote GBM metastasis by upregulating β-

catenin, c-myc, and vimentin, and suppress-

ing E-cadherin (Li and Zhou, 2018).  

β-catenin was also shown to be upregu-

lated by LINC01503. Upregulation of 

lncRNA LINC01503 is associated with GBM 

progression and aggressiveness. Downregula-

tion of LINC01503 inhibits GBM metastasis 

while induces apoptosis through suppressing 

β-catenin and cyclinD1 (Wang et al., 2019b). 

Similarly, downregulation of lncRNA H19 

inhibits cell cycle progression, proliferation, 

and metastasis by downregulating β-catenin 

and cyclin D1 (Guan et al., 2019).  

Among all lncRNAs which induce GBM 

tumorigenesis, there are multiple tumor-sup-

pressor lncRNAs that suppress GBM by in-

hibiting the Wnt/β-catenin route (Table 2). 

For example, decreased expression of 

lncRNA GAS8-AS1 has been observed in 

various tumors like thyroid carcinoma, osteo-

sarcoma, CRC, and GBM. Upregulation of 

GAS8-AS1 reduces GBM cell proliferation, 

and metastasis by downregulating β-catenin, 

cyclinD1, and axin2 (Wu et al., 2021). Simi-

larly, tumor-suppressive lncRNA cancer sus-

ceptibility candidate 7 (CASC7) has been 

shown to inhibit GBM tumorigenesis by sup-

pressing β-catenin and cyclinD1 (Gong et al., 

2019). The lncRNA Linc00320 is another tu-

mor-suppressive lncRNA whose reduced ex-

pression is correlated with cancer growth and 

progression in GBM patients. Tian et al. 

demonstrated that the lncRNA Linc00320 

suppresses Wnt/β-catenin axis by disrupting 

the β-catenin/TCF4 complex in GBM cells 

(Tian et al., 2019).  

Moreover, the lncRNA LINC p53 induced 

transcript (LINC-PINT) has been shown to 

function as an anti-cancer ncRNA in several 

cancers like GBM, CRC, NSCLC, esophageal 

cancer, and melanoma (Zhang et al., 2019a; 

Zhu et al., 2021). Zou et al. demonstrate that 

LINC-PINT inhibits tumor invasion and me-

tastasis by modulating β-catenin and vimentin 

(Zhu et al., 2021).  
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Table 2: Tumor suppressive lncRNAs 

LncRNA Chromo-
some 

Can-
cer 

Mechanism Function Reference 

GAS8-AS1 16q24.3 GBM Suppressing β-catenin, cy-
clinD1, c-myc, and axin2 

Inhibiting tumor 
growth and metas-

tasis 

Wang et al., 
2019;43 

CASC7 8q24.3 GBM Inhibiting β-catenin, cyclinD1, 
and c-myc 

Inhibiting tumor 
growth 

Guan et al., 
2019;44 

Linc00320 21q21.1 GBM Disrupting the β-catenin 
/TCF4 complex 

Inhibiting tumor 
growth and metas-

tasis 

Wu et al., 2021; 45 

LINC-PINT 7q32.3 GBM Regulating β-catenin and 
EMT-related proteins 

Inhibiting tumor 
cell migration and 

metastasis 

Gong et al., 2019; 
Tian et al., 2019; 

46, 47 

CLRN1-
AS1 

3q25.1 PA Sponging miR-217 to induce 
DKK1 and suppressing cyclin 

D1 and β-catenin  

Inhibiting tumor 
growth and prolif-

eration 

Derderian et al., 
2019; 58 

MEG3 14q32.2 PA Targeting miR-23b-3p to up-
regulate FOXO4 

Inhibiting tumor mi-
gration and EMT  

Zhang et al., 2019; 
Wang et al., 
2019;59, 60 

GAS5 1q25.1 PA Sponging miR-27a-5p to in-
duce CYLD 

Inhibiting tumor 
growth 

Zhu et al., 2020; 61 

 

THE INTERPLAY BETWEEN NCRNAS 

AND WNT/Β-CATENIN PATHWAY IN 

PITUITARY CANCER 

Pituitary adenoma (PA) is the third most 

frequent brain cancer after meningioma and 

GBM. Recent findings indicated the onco-

genic role of ncRNAs in PA tumorigenesis by 

stimulating the canonical Wnt signaling 

(Beylerli et al., 2020; Xue and Ge, 2020). For 

instance, aberrant expression of lncRNA co-

lon cancer-associated transcript 2 (CCAT2) is 

associated with tumor development and me-

tastasis in multiple human malignancies, in-

cluding PA, HCC, CRC, and breast cancer 

(Fu et al., 2018). In support of the oncogenic 

function of CCAT2, Fu et al. demonstrated a 

significant G1/S arrest and apoptosis in 

CCAT2-silenced cells whereas upregulation 

of CCAT2 induces cell cycle progression and 

reduces apoptosis (Fu et al., 2018). In vitro 

experiments illustrate that this lncRNA in-

duces PA progression and invasiveness by 

regulating MMP2 and 13 (Fu et al., 2018; Ma 

et al., 2022). 

Further investigations demonstrated that 

some lncRNAs can induce PA tumorigenesis 

by silencing several tumor-suppressor miR-

NAs at transcriptional level. The overexpres-

sion of lncRNA prostate cancer-associated 

transcript6 (PCAT6) has been reported in 

many malignant tumors like PA, NSCLC, PC, 

CC, and OC (Ghafouri-Fard et al., 2021b). 

Zao et al. demonstrated that PCAT6 regulates 

miR-139-3p in modulating cell cycle progres-

sion, apoptosis, migration, and invasion 

(Zhao et al., 2021). Mechanism research has 

shown that PCAT6 promotes cancer growth 

by sponging tumor suppressor miR-139-3p 

that downregulates Bcl-2 and BRD4 while in-

duces Bax and Cleaved caspase-3. Moreover, 

PCAT6 induces tumor metastasis by directly 

regulating EMT-related proteins like E-cad-

herin and N-cadherin (Zhao et al., 2021). 

Consistently, Mao et al. reported that the 

lncRNA small nucleolar RNA host gene 6 

(SNHG6) accelerates EMT and metastasis by 

targeting miR-944 (Shen et al., 2020). The tu-

mor suppressive miR-944 was reported to re-

duce PA growth and progression by regulat-

ing the expression of E-cadherin and vi-

mentin. To explore the oncogenic mechanism 

of SNHG6 in pituitary tumors, it has been 

shown that SNHG6 upregulates vimentin but 

inhibits E-cadherin expression. These find-

ings indicate that the lncRNA SNHG6, as a 

ceRNA for miR-944, induces pituitary cancer 

invasion and metastasis by regulating EMT-

related proteins (Mao et al., 2022).  

Increased expression of plasmacytoma 

variant translocation 1 (PVT1) is also 
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reported in a number of cancers like PA, na-

sopharyngeal carcinoma, and renal cancer 

(Derderian et al., 2019). Ectopic expression of 

PVT1 potentially induces cell growth, chemo-

resistance, migration, and EMT while silenc-

ing its expression decreases PA cell prolifera-

tion and downregulates β-catenin and cyclin 

D1 (Zhang et al., 2019b). 

In addition to the oncogenic lncRNAs, 

there are multiple tumor-suppressor lncRNAs 

that reduce PA carcinogenesis by suppressing 

canonical WNT pathway. For instance, down-

regulation of lncRNA CLRN1-AS1 in PA is 

shown to be negatively correlated with cancer 

progression and aggressiveness (Wang et al., 

2019c). Mechanistically, lncRNA CLRN1-

AS1 upregulates the dickkopf WNT inhibitor 

1 (DKK1) by targeting miR-217. Elevated ex-

pression of CLRN1-AS1 alleviates cancer 

progression by repressing the canonical Wnt 

signaling and downregulating cyclin D1, c-

myc, beclin, and β-catenin. In addition, it has 

been shown that CLRN1-AS1 induces PA cell 

apoptosis by regulating the activity of 

caspase3 (Wang et al., 2019c).  

Decreased expression of maternally ex-

pressed 3 (MEG3) is associated with tumor 

development and metastasis in PA (Zhu et al., 

2020). Ectopic expression of MEG3 attenu-

ated tumor EMT and invasion by influencing 

the expression of MMP7, E-cadherin, and sur-

vivin. Further studies on the role of MEG3 on 

tumor cell apoptosis indicate that MEG3 

sponges miR-23b-3p and restores the expres-

sion of FOXO4. It has been shown that 

FOXO4 promotes apoptosis and cell cycle ar-

rest by regulating Bcl-xl, Bcl-6, and Bcl-2. 

Taken together, these findings clearly support 

the anti-tumor activity of MEG3 and present 

a novel target for PA treatment (Wang et al., 

2021a).  

Moreover, decreased expression of 

growth arrest specific transcript 5 (GAS5) in 

PA induces tumor aggressive behavior and 

metastasis. It has been reported that the 

lncRNA GAS5 suppresses miR-27a-5p and 

elevates the expression of cylindromatosis 

(CYLD) in tumor cells, resulting in decreased 

cell proliferation and tumor growth (Wang et 

al., 2022). Tables 1 and 2 summarize the role 

of lncRNAs in PA. 

 

THE INTERPLAY BETWEEN NCRNAS 

AND WNT/Β-CATENIN PATHWAY IN 

MENINGIOMA  

Meningioma is the second type of CNS 

cancer with an incidence of about 40 % 

(Smitha and Sivaraman, 2021). The current 

treatment regimen is not fully effective and 

the prognosis of patients with meningioma is 

not favorable. Thus, there is a great need for 

discovering novel therapeutic methods for 

meningioma. To identify novel therapeutic 

targets for meningioma, various lncRNAs are 

identified that induce tumorigenesis by target-

ing various anti-cancer miRNAs and modu-

lating their target genes (Ghafouri-Fard et al., 

2021a). 

For example, the elevated expression of 

small nucleolar RNA host gene 1 (SNHG1) in 

various tumors like GC, CRC, GBM, and 

meningioma, is related to tumor growth and 

development (Zhang et al., 2020b). SNHG1 

induces canonical Wnt signaling by nega-

tively regulating miR-556‐5p. To investigate 

the anti-cancer mechanism of miR-556-5p, it 

has been found that this miRNA attenuates 

cancer cell proliferation by targeting Wnt sig-

naling-related transcription factors including 

TCF12. Altogether, these findings indicate 

that regulating the SNHG1/miR‐556‐
5p/TCF12 axis may have therapeutic poten-

tial for meningioma (Zhang et al., 2020b). 

The long intergenic non-protein coding 

RNA 702 (LINC00702) is another cancer-re-

lated lncRNA whose expression is related to 

poor prognosis and malignant growth in men-

ingioma (Li et al., 2019a). In mechanism, 

LINC00702 activates the canonical Wnt path-

way by sponging miR-4652-3p and upregu-

lating the transcription factor ZEB1. Li et al. 

showed that silencing LINC00702 efficiently 

decreases tumor cell viability and migration 

via suppressing β-catenin and c-myc (Li et al., 

2019a). Their findings indicate that 

LINC00702 exerts its oncogenic effects by 

modulating the miR-4652-3p/ZEB1 axis and 

upregulating the canonical Wnt pathway (Li 
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et al., 2019a). Table 1 demonstrates the role 

of lncRNAs in meningiomas. 

 

THE INTERPLAY BETWEEN NCRNAS 

AND WNT/Β-CATENIN ROUTE IN  

MEDULLOBLASTOMA  

Medulloblastoma is the most common 

cancer of CNS in children with high metasta-

sis and poor survival rate (Dhanyamraju et al., 

2020). Recent data indicate that various 

lncRNAs induce medulloblastoma tumor-

igenesis by facilitating tumor migration, 

EMT, and invasiveness. It has been reported 

that upregulation of HOX transcript antisense 

RNA (HOTAIR) associated with cancer 

growth and development in medulloblastoma 

(Zhang et al., 2020a). Enforced expression of 

HOTAIR significantly accelerates tumor pro-

gression and development in medulloblas-

toma through targeting miR-1 and miR-206 

and inducing Yin Yang 1 (YY1) transcription 

factor. Recent studies revealed that YY1 in-

duces human carcinogenesis by regulating 

various oncogenic routes like PI3K/AKT and 

Wnt pathway. Therefore, the HOTIAR-miR-

1/miR-206-YY1 axis can be investigated as a 

novel molecular target with therapeutic po-

tential for medulloblastoma (Zhang et al., 

2020a).  

In another report, the anti-cancer miR-

29c-3p is shown to be downregulated by the 

lncRNA Colorectal neoplasia differentially 

expressed (CRNDE) in medulloblastoma 

(Sun et al., 2020). Enhanced expression of 

miR-29c-3p inhibits cancer cell growth, and 

metastasis, but induces sensitivity to cisplatin. 

To investigate the tumor-related function of 

CRNDE, Sun et al. illustrate that downregu-

lation of CRNDE inhibits tumor aggressive-

ness by suppressing miR-29c-3p and inhibit-

ing the canonical Wnt pathway (Sun et al., 

2020). Increased expression of CRNDE has 

been reported in many cancers which is asso-

ciated with chemoresistance, and adverse 

clinical outcomes (Lu et al., 2020).  

Urothelial carcinoma associated 1 

(UCA1) is another oncogenic lncRNA whose 

expression is positively correlated with tumor 

invasiveness and adverse clinical outcomes in 

medulloblastoma (Zhengyuan et al., 2017). 

Upregulation of UCA1 was reported in multi-

ple cancers, including GBM, HCC, NSCLC, 

GC, and, bladder cancer (Ghafouri-Fard and 

Taheri, 2019). The oncogenic effects of 

UCA1 in human tumors were mediated by re-

cruiting Wnt ligands and inducing Wnt sig-

naling. To further investigate the oncogenic 

mechanism of UCA1, Zhengyuan et al. 

demonstrated that the knockdown of UCA1 

reduces cell cycle progression, proliferation, 

and migration in medulloblastoma cells and 

tissues (Zhengyuan et al., 2017). Table 1 

demonstrates the role of lncRNA in medullo-

blastoma. 

 

CONCLUSION 

In this study, we presented recent findings 

about the role of ncRNAs in brain cancer tu-

morigenesis through regulating canonical 

Wnt signaling. As is shown, the Wnt/β-

catenin axis has critical effects on cell growth, 

survival, and proliferation. Recent findings 

indicate that ncRNAs have potent regulatory 

effects on the Wnt pathway resulting in tumor 

initiation and progression (Table 1 and 2) 

(Zhengyuan et al., 2017). As presented in Fig-

ure 1, many Wnt pathway-related ncRNAs 

are aberrantly expressed in human brain can-

cers, which may function as an oncogene or 

tumor suppressor. These ncRNAs can pro-

mote or inhibit the canonical Wnt signaling 

by regulating GSK3, APC, β-catenin, and 

TCF/LEF transcription factors resulting in 

modulating several Wnt downstream targets 

involved in cell proliferation, invasion, EMT, 

and metastasis. Therefore, treatments target-

ing the Wnt signaling-related ncRNAs may 

have therapeutic potential for improving qual-

ity of life and increasing overall survival rates 

in brain cancer patients. 
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Figure 1: Schematic representation of regulatory effects of ncRNAs on the activity of the Wnt/β-catenin 
signaling contributed to the pathogenesis of brain cancers 
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