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ABSTRACT 

Non-coding RNAs (ncRNAs) are emerging as important regulators in various pathological conditions including 

tumorigenesis, metastasis, and drug resistance in human cancers. Oncogenic or tumor suppressor ncRNAs exert 

prominent effects on cell proliferation, migration and invasion in cancer cells through modulating various signal-

ing pathways including Wnt/β-catenin. Upregulation of the oncogenic Wnt/β-catenin pathway was reported to be 

implicated in multiple human cancers including breast, liver, colorectal, and urothelial cancers. Therefore, identi-

fying interactions between ncRNAs and canonical Wnt signaling components may represent novel therapeutic 

targets for better treatment and management of cancer. In this review, we summarized the recent findings about 

miRNA/lncRNA-dependent mechanisms that regulate Wnt/β-catenin signaling involved in tumorigenesis and me-

tastasis of urinary tract cancers. 

 

Keywords: ncRNA, Wnt/β-catenin, urinary tract cancers 

 

 

INTRODUCTION 

Urinary tract (UT) cancers are the most 

common malignant tumors that can be located 

in different parts of the urinary system includ-

ing the kidney, bladder, urethra, and prostate. 

Despite recent improvements in diagnostic 

and therapeutic methods, patients with UT 

cancers exhibit dismal prognosis and lower 

survival rates (Elumalai et al., 2021; Yang et 

al., 2021). Among all cancer types in the UT, 

bladder cancer showed the highest incidence 

and recurrence rate. UT patients are usually 

diagnosed in the advanced stages of cancer 
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with poor prognosis and worse clinical out-

comes (Powles et al., 2022). Therefore, the 

identification of novel diagnostic and prog-

nostic biomarkers may be useful for earlier di-

agnosis and effective treatment of UT pa-

tients. Recent molecular studies indicate that 

UT cancers arise from an accumulation of ge-

netic mutations and epigenetic alterations that 

induce oncogenes or inhibit tumor suppressor 

genes resulting in upregulation of several on-

cogenic signalings including RAS, PI3K/ 

AKT, and Wnt/β-catenin signaling pathway 

(Sathe and Nawroth, 2018; Kurtzeborn et al., 

2019; Chestnut et al., 2021; Rahmani et al., 

2021; Wu et al., 2021). Due to the critical 

function of the oncogenic signalings in regu-

lating cancer cell proliferation, angiogenesis, 

and metastasis, aberrant activation of these 

pathways is considered as one of the major 

causes of human tumorigenesis (Soleimani et 

al., 2018; Rahmani et al., 2020).  

Wnt/β-catenin signaling (also known as 

the canonical Wnt pathway) plays critical ef-

fects on human carcinogenesis through induc-

ing cell cycle progression, migration, inva-

sion, and survival (Rahmani et al., 2018, 

2019). In canonical Wnt signaling, the cyto-

plasmic β-catenin protein has an essential role 

in signal transduction from frizzled trans-

membrane receptor to the nucleus and upreg-

ulation of Wnt signaling downstream genes. 

In the absence of the Wnt ligands, the canon-

ical Wnt signaling is inactivated and cytoplas-

mic levels of β-catenin proteins are decreased 

by a destruction complex that induces phos-

phorylation, ubiquitination, and proteasomal 

degradation of β-catenin proteins (Yeh et al., 

2019). However, binding of Wnt ligand to the 

frizzled receptors at the surface of target cells 

triggers a chain of interactions which resulted 

in phosphorylation and inactivation of de-

struction complex proteins including AXIN-

2, adenomatous polyposis coli (APC), glyco-

gen synthase kinase 3β (GSK3β), and casein 

kinase1 (CK1). Following the inactivation of 

destruction complex, β-catenin proteins accu-

mulated in the cytoplasm and were then im-

ported into the nucleus. Subsequently, the nu-

clear β-catenin proteins interact with the cer-

tain regulatory transcription factors including 

T cell factor/lymphocyte enhancer factor 

(TCF/LEF) which are implicated in the tran-

scription of various Wnt signaling down-

stream genes including cyclin D1, E-cad-

herin, and c-Myc (Sales et al., 2018; He and 

Tang, 2020; Zhang and Wang, 2020). 

Upregulation of Wnt ligands and β-

catenin proteins, as well as decreased expres-

sion of the tumor-suppressors APC, AXIN-2, 

and GSK3β, were found to be associated with 

aggressive features in human cancers includ-

ing brain, breast, hepatocellular (HCC), colo-

rectal (CRC), and UT cancers (Krishna-

murthy and Kurzrock, 2018; Wang et al., 

2019a; Yeh et al., 2019; Shahcheraghi et al., 

2020; Zhang et al., 2021a). Emerging evi-

dence indicates that ncRNAs have critical ef-

fects in regulating Wnt/β-catenin route which 

is upregulated in multiple cancers suggesting 

their significance as novel therapeutic options 

for cancer therapy (Lei et al., 2020; Shao et 

al., 2020; Takao Real Karia et al., 2021). In 

the present study, we summarize the regula-

tory effects of ncRNAs on Wnt/β-catenin 

pathway in tumorigenesis and metastasis of 

UT cancers. 

 

Role of ncRNAs in tumorigenesis 

Previous findings in genome sequencing 

studies demonstrated that approximately 2 % 

of the human genome is transcribed to protein 

and the other RNA transcripts which do not 

encode proteins are considered as non-coding 

RNAs (Anastasiadou et al., 2018). Generally, 

ncRNAs are classified into three main groups 

including miRNAs, circRNAs, and lncRNA 

based on shape and length. MiRNAs, identi-

fied as small RNAs with 20-25 nucleotides in 

length, were shown to have a potential regu-

latory effect on their target genes through in-

teracting with the 3'-untranslated region of 

mRNA molecules (Bhan et al., 2017). 

LncRNA molecules (longer than 200 nucleo-

tides) with linear shapes play a prominent role 

in regulating target genes at transcriptional 

and post-transcriptional levels. Similarly, 

circRNAs are >200 nucleotides in molecular 
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size with a circular structure that is resistant 

to the RNase enzymes. LncRNAs and circR-

NAs regulate gene expression by various 

mechanisms like sponging miRNAs to pro-

mote target genes. Recent studies indicate that 

dysregulated expression of ncRNAs promotes 

cancer growth and development by epigenet-

ically regulating various oncogene or tumor 

suppressor genes (Chi et al., 2019; Wei et al., 

2020; Jafarzadeh and Soltani, 2021). 

 

The interplay between ncRNAs and Wnt/β-

catenin pathway in kidney cancer 

Renal cell carcinoma (RCC) as one of the 

most common types of urinary system malig-

nancies is derived from the renal epithelium 

and accounts for more than 90 % of kidney 

cancers (Dahle et al., 2022). Accumulating 

evidence revealed that GSK3β is downregu-

lated in various tumors like breast, CRC, and 

RCC (Duda et al., 2020a, b). The tumor-sup-

pressor GSK3β is shown to inhibit carcino-

genesis by modulating the phosphorylation 

and degradation of β-catenin proteins and 

downregulation of Wnt signaling downstream 

target genes (Rahmani et al., 2020). In RCC, 

the expression of GSK3β is suppressed by 

various lncRNAs including lung cancer-asso-

ciated transcript 1 (LUCAT1) and colorectal 

neoplasia differentially expressed (CRNDE). 

Upregulation of the oncogenic lncRNA LU-

CAT1 (also known as SCAL1) is found to be 

correlated with lower survival rates and poor 

clinical outcomes in lung, gastric, HCC, CRC, 

and RCC patients (Wu et al., 2020; Xing et 

al., 2021). Increased expression of LUCAT1 

induces tumor cell growth and development 

by regulating the AKT/GSK3β signaling 

pathway. Conversely, knockdown of LU-

CAT1 reduces cell cycle progression and in-

hibits tumor cell invasion and metastasis by 

downregulating cyclin D1 and β-catenin both 

in vivo and in vitro (Zheng et al., 2018).  

LncRNA CRNDE is another oncogenic 

lncRNA that is upregulated in multiple tu-

mors including glioma, gastric, CRC, and 

RCC (Xie et al., 2018a; Lu et al., 2020). 

CRNDE located in chromosome 16q12.2 is 

actively implicated in tumorigenesis via in-

duction of cell proliferation, invasion, and 

metastasis. Shao et al. reported that silencing 

CRNDE prevents cancer cell growth through 

promoting G1 phase cell cycle arrest. Further 

results demonstrated that the oncogenic activ-

ity of CRNDE is mediated by targeting GSK-

3β resulting in activation of canonical Wnt 

pathway in RCC cells and tissues. These find-

ings revealed that the GSK3β regulatory 

lncRNAs can be considered as novel thera-

peutic targets for better management of RCC 

(Yang et al., 2018; Ding et al., 2020; Zhang et 

al., 2021b). 

To further explore the tumor-promotive 

role of ncRNAs, it has been shown that some 

lncRNAs can enhance RCC progression by 

directly promoting the expression of cyclin 

D1 and c-myc (Rahmani et al., 2018). Leucine 

zipper-EF-hand containing transmembrane 

protein 1 (LETM1) as one of the cancer-re-

lated lncRNAs is shown to be upregulated in 

various human tumors including breast, blad-

der, and RCC (Huang et al., 2017a; Xu et al., 

2018). Aberrant expression of LETM1 was 

observed to be correlated with tumor cell me-

tastasis and poor survival outcomes. It has 

been shown that Knockdown of LETM1 re-

duces the expression of β-catenin, cyclin D1, 

and c-myc in RCC cells (Xu et al., 2018). 

Moreover, lncRNA colon cancer-associated 

transcript 2 (CCAT2) accelerates breast, pros-

tate, glioma, and RCC proliferation and me-

tastasis through inducing canonical Wnt path-

way and promoting the expression of its 

downstream target genes (He et al., 2020). Si-

lencing of CCAT2 promotes a G1 phase cell 

cycle block and cell apoptosis suggesting its 

potential as a novel therapeutic target for 

RCC therapy (Huang et al., 2017b). 

There are multiple lncRNAs that induce 

cancer development and drug resistance by 

sponging certain tumor-suppressive miRNAs 

and preventing their regulatory effects on 

downstream target genes. For instance, 

lncRNA HIF1A-AS2 accelerates tumor 

growth and metastasis through targeting miR-

30a-5p (Chen et al., 2021). Tumor suppressor 

miR-30a-5p was found to reduce tumor 
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growth by repressing the expression of tran-

scription factor SOX4 (Quan et al., 2019). Re-

cent findings uncovered that SOX4 has criti-

cal effects on epigenetically regulation of 

multiple genes involved in tumorigenesis of 

acute myeloid leukemia (AML), gastric can-

cer, and osteosarcoma (Ying et al., 2020). In-

terestingly, downregulation of HIF1A-AS2 

elicits growth-suppressive effects in RCC 

cells by downregulating cyclin D1, MET, c-

myc, and VEGF. Therefore, these findings 

suggest that upregulation of lncRNA HIF1A-

AS2 facilitates RCC growth through spong-

ing miR-30a-5p and stimulating SOX4 which 

induces tumor cell growth and metastasis 

(Chen et al. 2021). 

Among all lncRNAs which are related to 

human cancers, downregulation of multiple 

lncRNAs was reported to be associated with 

RCC initiation and progression. For instance, 

decreased expression of LINC01510 was 

shown to be related to a poor prognosis in 

RCC patients. Ectopic expression of 

LINC01510 attenuates tumor growth and in-

vasion by inhibiting β-catenin and various 

matrix metalloproteinases (MMPs) including 

MMP2, MMP7, and MMP9 (Ma et al., 2018). 

In addition to LINC01510, downregulation of 

lncRNA neuroblastoma-associated transcript 

1 (NBAT1) was reported in patients with 

RCC which is negatively associated with tu-

mor growth and aggressiveness. Functionally, 

lncRNA NBAT1 functions as a ceRNA for 

miR-346 to upregulate GSK3β and mitigate 

cancer cell proliferation, invasion, and metas-

tasis (Xue et al., 2019). To further investigate 

the interplay between lncRNAs and miRNAs 

involved in RCC tumorigenesis, Zhang et al. 

(2020a) reported that the long intergenic 

ncRNA 1939 (LINC01939) regulates tumor 

cell growth and progression through down-

regulating miR-154. The overexpression of 

LINC01939 inactivates Wnt/β-catenin path-

way through suppressing miR-154 in RCC. 

Mechanically, LINC01939 attenuates cancer 

cell growth and metastasis by downregulating 

cyclin D1, MMP2, and MMP9. Moreover, 

LINC01939 was found to induce RCC cell 

apoptosis through inducing the expression of 

pro-apoptotic factors including bax and 

caspase-3 (Zhang et al., 2020a). 

The lncRNA OTUD6B antisense RNA 1 

(OTUD6B-AS1) is another tumor-suppres-

sive lncRNA that is downregulated in RCC 

patients and associated with lower survival 

rate and worse clinical outcomes. Ectopic ex-

pression of OTUD6B-AS1 inhibits tumor cell 

migration and invasion through suppressing 

the Wnt/β-catenin axis and reducing the ex-

pression of epithelial-to-mesenchymal transi-

tion (EMT)-related proteins including E-cad-

herin, N-cadherin, and Snail (Wang et al., 

2019b). These findings clearly suggest that 

the lncRNA OTUD6B-AS1 can be consid-

ered as a promising target for RCC treatment. 

 

The interplay between ncRNAs and Wnt/β-

catenin signaling in bladder cancer 

Bladder cancer is the most common uro-

logical malignancy with the highest incidence 

and recurrence rates. It has been shown that 

more than 50 % of bladder cancer patients re-

lapsed within the five years after their treat-

ment resulting in unfavorable clinicopatho-

logical features and poor prognosis (Hussein 

et al., 2021). Therefore, identifying novel 

therapeutic molecules is of great clinical im-

portance for better management of bladder 

cancer. Recent investigation on the mecha-

nism of action of lncRNAs indicates that 

some lncRNAs induce bladder cancer and 

metastasis by directly targeting certain tumor-

suppressive miRNAs like miR-370-3p, miR-

217, miR-214-3p, and miR-139-5p (Cheng et 

al., 2021; Zhang et al., 2021c). Consistently, 

Zhang et al. discovered that lncRNA breast 

cancer anti-estrogen receptor 4 (BCAR4) was 

upregulated and associated with the more ag-

gressive phenotype of bladder cancer. To Fur-

ther support the tumor stimulatory effects of 

BCAR4, it has been shown that the overex-

pression of this lncRNA induces bladder can-

cer proliferation and progression by inhibiting 

miR-370-3p and downregulating canonical 

Wnt axis in bladder cancer cells and tissues 

(Zhang et al., 2020b).  
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Similarly, the expression of tumor-sup-

pressive miR-217 was reported to be down-

regulated by lncRNA LINC01614 in bladder 

cancer. Increased expression of LINC01614 

correlated with lower survival and poor clini-

cal features in bladder cancer patients. Wang 

et al. reported that silencing LINC01614 in-

hibits tumor cell growth and proliferation 

through modulating miR-217 and reducing 

the Wnt signaling-related proteins including 

β-catenin and c-myc (Wang et al., 2021a).  

LncRNA X-inactive specific transcript 

(XIST) is another oncogenic lncRNA that in-

duces bladder tumorigenesis through regulat-

ing miR-139-5p. Upregulation of lncRNA 

XIST was shown to be correlated with tumor 

aggressive features and metastasis in various 

malignancies including glioma, prostate, and 

bladder cancers (Liu et al., 2020; Wang et al., 

2021b). To evaluate the regulatory role of 

XIST on bladder tumorigenesis, Hu et al. il-

lustrated that lncRNA XIST induces tumor 

growth and progression by suppressing miR-

139-5p and finally inducing their downstream 

targets including Wnt1, β-catenin, and cy-

clinD1 proteins (Hu et al., 2017). 

There are multiple lncRNAs that induce 

cancer development and drug resistance by 

sponging certain tumor-suppressive miRNAs 

and preventing their regulatory effects on 

downstream target genes. For example, 

lncRNA nuclear-enriched abundant transcript 

1 (NEAT1) accelerates tumor cell growth and 

induces Doxorubicin resistance in bladder 

cancer by targeting miR-214-3p (Guo et al., 

2018). The expression level of miR-214-3p 

has been reported to be closely associated 

with chemotherapy resistance in multiple tu-

mors including breast, ovarian, and cervical 

cancers (Qin et al., 2019; Yang et al., 2019). 

Consistently, Guo et al. reported that the tu-

mor suppressor miR-214-3p inhibits Wnt sig-

naling through upregulation of GSK3β and 

AXIN2 and decreasing nuclear β-catenin pro-

tein levels. Further results indicate that the on-

cogenic effect of lncRNA NEAT1 is mediated 

by downregulation of miR-214-3p and acti-

vating canonical Wnt pathway in bladder can-

cer (Guo et al., 2018). To further explore the 

role of lncRNAs in promoting chemo-

resistance, Xie et al. demonstrated the expres-

sion of lncRNA CDKN2B antisense RNA 1 

(CDKN2B-AS) is positively related to a high 

pathological grade and decreased sensitivity 

to Gemcitabine through inducing Wnt/β-

catenin signaling in bladder cancer (Xie et al., 

2018b).  

As the Wnt signaling downstream genes 

are implicated in various cancer-related bio-

logical processes, it has been shown that some 

Wnt signaling regulatory ncRNAs are in-

volved in tumorigenesis through regulating 

EMT and metastasis (O’Brien et al., 2020; 

Zhang et al., 2021d). EMT enables tumor 

cells for metastasis through alleviating epithe-

lial properties and developing mesenchymal 

phenotype. To further support the regulatory 

effect of Wnt signaling regulatory lncRNAs 

on the EMT process, the lncRNA DLX6 An-

tisense RNA 1 (DLX6-AS1), LINC00152, 

lncRNA long stress-induced non-coding tran-

script 5 (LSINCT5), and lncRNA cancer-as-

sociated region long non-coding RNA-7 

(CARLO-7) were shown to be upregulated in 

bladder cancer and induce tumor growth, in-

vasion, and metastasis by inducing Wnt sig-

naling and modulating the expression of 

EMT-related proteins including vimentin, N-

cadherin, and E-cadherin proteins (Zhu et al., 

2018; Guo et al., 2019; Xian-Li et al., 2019; 

Huang et al., 2020). 

In addition to the cancer-related lncRNAs 

mentioned above, there are several tumor-

suppressive lncRNAs that inhibit bladder tu-

morigenesis through down-regulating canon-

ical Wnt pathway. For instance, the lncRNA 

miR143HG was shown to be suppressed in 

bladder cancer which is negatively associated 

with tumor growth and development. Mecha-

nistically, lncRNA miR143HG functions as a 

ceRNA for miR-1275 to upregulate AXIN2. 

Ectopic expression of miR143HG inhibits 

cell cycle progression and alleviates tumor 

cell proliferation by suppressing Wnt/β-

catenin signaling (Xie et al., 2019). Moreover, 

downregulation of lncRNA cancer suscepti-

bility candidate 2 (CASC2) was reported in 
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various tumors including glioma, endome-

trial, and RCC which is correlated with tumor 

malignant features and worse prognosis 

(Ghafouri-Fard et al., 2020). Pei et al. re-

ported that enforced expression of CASC2 re-

duces cell proliferation and metastasis 

through inactivating Wnt pathway and pro-

moting apoptosis in bladder cancer (Pei et al., 

2017). 
 

The interplay between ncRNAs and Wnt/β-

catenin signaling in prostate cancer 

Prostate cancer is the second cause of can-

cer-related death in males worldwide and its 

incidence is elevating every year. Despite re-

cent advances in therapeutic methods, the 

overall survival of patients with prostate can-

cer still remains low (Sun, 2021). To investi-

gate the novel therapeutic targets for prostate 

cancer therapy, several lncRNAs are identi-

fied that induce prostate tumorigenesis, me-

tastasis, and chemoresistance by targeting 

certain tumor-suppressive miRNAs including 

miR-29a-3p, miR-212-5p, miR-30a-5p, miR-

324-3p, and miR-452-5p.  

The lncRNA bladder cancer-associated 

transcript 1 (BLACAT1) is shown to be up-

regulated in various types of human carcino-

mas including endometrial, NSCLC, osteo-

sarcoma, cervical, and prostate cancers (Liao 

et al., 2021). Elevated expression of lncRNA 

BLACAT1 is correlated with pro-malignant 

features of cancer and lower survival time in 

patients with prostate cancer. In support of the 

oncogenic mechanism of BLACAT1 on pros-

tate cancer, Liao et al. demonstrated that this 

lncRNA induces tumor cell growth and pro-

liferation by targeting miR-29a-3p and induc-

ing Wnt signaling modulatory proteins like 

disheveled segment polarity protein 3 

(DVL3). Upregulation of DVL3 was reported 

in various human cancers which was related 

to tumor growth and recurrence rate by pro-

moting the Wnt/β-catenin axis (Liao et al., 

2021). 

LINC00115 is another onco-lncRNA that 

promotes prostate tumorigenesis and metasta-

sis through targeting miR-212-5p. Tumor 

suppressor miR-212-5p was shown to inhibit 

tumor cell proliferation through repressing 

the expression of Frizzled Family Receptor 5 

(FZD5). Increased expression of FZD5 was 

shown to be implicated in cancer develop-

ment and metastasis by over-activation of ca-

nonical Wnt pathways in various cancers in-

cluding HCC and prostate cancers. Therefore, 

the LINC00115/miR-212-5p/FZD5 axis can 

be regarded as a promising target for treat-

ment of prostate cancer (Peng et al., 2021).  

Moreover, the lncRNA non-coding RNA 

activated by DNA damage (NORAD) was 

shown to be dysregulated in various tumors 

including lung, osteosarcoma, ovarian, and 

prostate cancers (Soghli et al., 2021). En-

hanced expression of NORAD induces tumor 

cell proliferation, EMT, and metastasis 

through downregulating miR-30a-5p (Zhang 

and Li, 2020). The tumor suppressor miR-

30a-5p was shown to inhibit cell proliferation, 

migration, and tumor growth in various hu-

man malignancies such as CRC, NSCLC, 

breast, and gallbladder cancers (Jiang et al., 

2018). In agreement with these findings, 

Zhang and Li reported that the oncogenic ac-

tivity of lncRNA NORAD in prostate carcin-

ogenesis can be mediated by sponging miR-

30a-5p and modulating Wnt signaling and 

EMT-related proteins including vimentin, 

snail, N-cadherin, and E-cadherin (Zhang and 

Li, 2020). 

In addition to NORAD, the small nucleo-

lar RNA host gene 7 (SNHG7) and lncRNA 

SOX2 overlapping transcript (SOX2-OT) are 

identified as EMT-related lncRNAs that are 

involved in prostate cancer progression and 

metastasis. The oncogenic activity of SNHG7 

and SOX2-OT are shown to be mediated via 

targeting miR-324-3p and miR-452-5p re-

spectively. It has been shown that downregu-

lation of these tumor-suppressive miRNAs by 

SNHG7 and SOX2-OT induces the canonical 

Wnt route and promotes malignant features in 

prostate cancer cells by modulating EMT-re-

lated proteins (Hu, 2019; Song et al., 2020). 

Taken together, these findings revealed that 

the EMT-related lncRNAs may be considered 

as promising targets for prostate cancer ther-

apy. 
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CONCLUSION 

In this study, we summarized the recent 

findings on the tumor-suppressive or onco-

genic function of lncRNAs and miRNAs in 

modulating canonical Wnt signaling that is in-

volved in the pathogenesis of UT cancers 

(Figure 1). LncRNAs and miRNAs exert cru-

cial roles in tumor growth, invasion, and me-

tastasis through regulating the expression of 

various genes and proteins at transcriptional 

and post-transcriptional levels (Tables 1 and 

2). Emerging evidence highlights the poten-

tial of these ncRNAs in diagnostic and thera-

peutic uses. Considering the complex inter-

play between lncRNAs and miRNAs in UT 

cancers (Figure 2), it has been suggested that 

downregulation of oncogenic, or restoration 

of tumor suppressor ncRNAs may repress the 

malignant features of UT cancers. Taken to-

gether, further studies on cross-talk between 

lncRNAs and miRNAs in regulating the 

Wnt/β-catenin signaling will provide novel 

therapeutic targets for the treatment of UT 

cancers. 

 

 

Figure 1: Schematic representation of regulatory 
effects of ncRNAs on the activity of the Wnt/β-
catenin signaling contributed to the pathogenesis 
of UT cancers 

 

 

Figure 2: The interplay between lncRNAs and miRNAs in regulating Wnt/β-catenin signaling pathway 



EXCLI Journal 2022;21:1273-1284 – ISSN 1611-2156 

Received: August 19, 2022, accepted: September 26, 2022, published: October 18, 2022 

 

 

1280 

Table 1: Oncogenic lncRNAs 

LncRNA Chromo-
some 

Cancer Mechanism Function 

LUCAT1 5q14. 3 RCC Inducing β-catenin and cyclin 
D1 and inhibiting GSK-3β 

Cell proliferation and 
invasion 

CRNDE 16q12.2 RCC Inhibiting GSK-3β 

LETM1 4p16.3 RCC 
Bladder 

Inducing c-myc, cyclin D1, and 
β-catenin 

Cell proliferation and 
metastasis 

CCAT2 8q24.21 RCC 
Prostate 

HIF1A-AS2 14q23.2 RCC Sponging miR-30a-5p and stim-
ulating SOX4, c-myc, cyclin D1, 

and VEGF 

Tumor growth and 
metastasis 

BCAR4 16p13.13 Bladder  Sponging miR-370-3p and in-
ducing β-catenin 

Cell proliferation  

LINC01614 2q35 Bladder Sponging miR-217 and inducing 
β-catenin and c-myc 

Tumor growth and 
proliferation 

XIST Xq13.2 Bladder Sponging miR-139-5p and in-
ducing Wnt1, β-catenin and c-

myc 

Tumor growth and 
metastasis 

NEAT1 11q13.1 Bladder Sponging miR-214-3p and acti-
vating Wnt signaling 

Chemoresistance  

CDKN2B-AS 9p21.3 Activating Wnt signaling 

DLX6-AS1 7q21.3 Bladder Activating Wnt signaling and 
modulating EMT-related pro-

teins 

EMT and metastasis 

LINC00152 2p11.2 

LSINCT5 5p15.33 

CARLO-7 8q24.21 

BLACAT1 1q32.1 Prostate Sponging miR-29a-3p and in-
ducing DVL3 

Tumor growth and 
proliferation 

LINC00115 1p36.33 Prostate Sponging miR-212-5p and in-
ducing FZD5 

Tumor growth and 
metastasis 

NORAD 20q11.23 Prostate Sponging miR-30a-5p and mod-
ulating EMT-related proteins 

Cell proliferation, 
EMT, and metastasis 

SNHG7 9q34.3 Prostate Sponging miR-324-3p and mod-
ulating EMT-related proteins 

Tumor growth, EMT, 
and metastasis 

SOX2-OT 3q26.33 Prostate Sponging miR-452-5p and mod-
ulating EMT-related proteins 

 

 
Table 2: Tumor suppressive ncRNAs 

LncRNA Chromo-
some 

Cancer Mechanism Function 

LINC01510 7q31.2 RCC Inhibiting β-catenin, MMP2, 
MMP7, and MMP9 

Inhibiting tumor growth 
and metastasis 

NBAT1 6p22.3 RCC Targeting miR-346 and in-
ducing GSK3β 

Inhibiting cell prolifera-
tion and metastasis 

LINC01939 2p25.3 RCC Downregulation of miR-154 
cyclin D1, MMP2, and MMP9 

Inhibiting tumor growth 
and metastasis 

OTUD6B-AS1 8q21.3 RCC Regulating E-cadherin, N-
cadherin, and Snail  

Inhibiting tumor cell 
migration and invasion 

miR143HG 5q32 Bladder Targeting miR-1275 to up-
regulate AXIN2 

Inhibiting cell cycle 
progression and tumor 

cell proliferation 

CASC2 10q26.11 Bladder  Inactivating Wnt pathway Inhibiting cell prolifera-
tion and metastasis 
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