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Abstract: Cancer stem cells (CSCs) are one of the cell types that account for cancer heterogeneity. 

They arrest in the G0 phase and generate non-CSC progeny by self-renewing and pluripotency ac-

tivity, resulting in tumor recurrence, metastasis, and chemoresistance. One CSC can stimulate tumor 

relapse and can re-grow a metastatic tumor. So, CSC is a promising target for eradicating tumors, 

and developing an anti-CSC method has become a top priority in cancer therapy. In recent years 

competing endogenous RNA (ceRNA) have emerged as an important class of post-transcriptional 

regulators that affect gene expression via competition for microRNA (miRNA) binding. Further-

more, aberrant ceRNA expression is associated with tumor progression. To overcome therapeutic 

resistance due to CSCs, we need to improve our existing understanding of the mechanisms by which 

ceRNAs are implicated in CSC-related relapse. Thus, this review was designed in order to discuss 

the role of ceRNAs in CSCs function. We reviewed the role of ceRNAs in acquiring CSCs character-

istics in the form of different pathways including Rho GTPase/F-actin_ Yes-associated protein 

(YAP)/transcriptional co-activator with PDZ-binding motif (TAZ) (Hippo), Wnt/β-catenin pathway, 

transforming growth factor (TGF)-–urothelial carcinoma-associated 1 (UCA1)–Slug pathway, etc. 

Finally, considering the comprehensive impacts of the ceRNA network on different pathways, a 

treatment strategy driving the ceRNA network might be effective. Targeting ceRNAs may open the 

path for new cancer therapeutic targets and can be used in clinical research. 
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1. Introduction 

Despite substantial achievements in cancer research, there is still a lack of under-

standing of the basic mechanism of cancer development, demanding further research. 

While cancer begins with a single mutant cell, it is highly heterogeneous and includes a 

wide range of differentiated and proliferative cells. Tumor progression, recurrence, me-

tastasis, and treatment resistance are thought to be caused by this heterogeneity (1). 

Among the various cell types that account for cancer heterogeneity, the presence of cancer 

stem cells (CSCs) is crucial (2). CSCs are a small number of tumorigenic cells inside the 

tumor mass that remain dominant during rapid tumor cell proliferation. They arrest in 

the G0 phase and generate non-CSC progeny by self-renewing and pluripotency activity, 

resulting in tumor recurrence, metastasis, and chemoresistance (3–5). CSCs possess some 

of the same markers (CD133 and CD44) as normal stem cells or signaling pathways in-

volved in self-renewal and differentiate into different cell types (6–8). But CSCs are 
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around 10-fold more tumorigenic than non-CSC populations, for example, in pancreas 

cancers (9). 

2. CSCs, what is their importance? 

CSCs are thought to be responsible for tumor growth with a low rate of proliferation, 

making them resistant to clinical chemotherapy and radiotherapy (10). Conventional ther-

apies are effective in the early stages of cancer treatment, but they fail to target and erad-

icate CSCs, which contribute to chemoresistance and tumor recurrence (11). CSCs fre-

quently express ATP-binding cassette (ABC) transporters, which are multidrug resistance 

proteins (MDRs) that export drugs from leukemia and some solid tumor cells and pro-

mote drug resistance (12). Chemotherapy and radiotherapy cause DNA damage and 

apoptosis, but CSCs, by increasing DNA repair capacities, can effectively prevent cancer 

cells from apoptosis (13). So, CSC is a promising target for eradicating malignant tumors; 

hence developing an anti-CSC method has become a top priority in cancer treatment. 

CSCs are a scarce cell population within a tumor, but as the tumor progresses, this 

fraction can increase to over 30%, and this increase is associated with therapy resistance 

(14–18). Dysregulation of self-renewal is thought to be the first stage of tumorigenesis (19). 

Furthermore, CSCs have a critical role in epithelial-mesenchymal transition (EMT) and 

are thought to be the primary sources of tumorigenesis, development, metastasis, and re-

lapse (20–24). Because CSCs have a high self-renewal potential, one CSC at the tumor site 

can stimulate tumor relapse and can re-grow a metastatic tumor at a distant location 

(15,25–27). As a result, tumors with a higher CSC marker have a weaker prognosis than 

tumors with a lower CSC population (28).  

3. Non-coding RNAs and CSCs 

The molecular mechanisms driving the development of CSC properties are currently 

unknown, but new research suggests that microRNAs (miRNAs) may play a role in CSC 

regulation (29). miRNAs are a type of non-coding RNA that has 19-22 nucleotides (30). 

They regulate gene expression through base pairing with its mRNA, inhibit translation, 

and increase mRNA degradation (31,32). miRNAs are involved in a variety of physiolog-

ical and pathological processes, including tumorigenesis, metastasis, and therapy re-

sistance (33–36). Tumor stage, metastasis, relapse, therapeutic resistance, and survival 

have all been associated with miRNA expression profiles (37,38). miRNAs have been as-

sociated with the modulation of CSC features such as cell-cycle progression, differentia-

tion, migration, invasion, and EMT (39). As a result, studying miRNAs that impact drug 

sensitivity could be a valuable tool for getting a better understanding of the mechanisms 

behind drug resistance and cancer therapy.  

RNA molecules with shared microRNA response elements (MREs) can regulate each 

other by competing for microRNA binding. This process is termed competing endogenous 

RNA (ceRNA) regulation (40). This theory suggests that there are interaction networks 

among all types of RNA transcripts through competing for identical sequences in miRNAs 

to modulate each other's expression (41,42). In recent years ceRNAs have emerged as an 

important class of post-transcriptional regulators that affect gene expression via competi-

tion for miRNAs binding (43). Extensive studies have found that aberrant ceRNA expres-

sion is associated with the progression, prognosis, and pathogenesis of cancers by modu-

lating the expression of critical tumorigenic and tumor-suppressive genes (44,45). 

Long non-coding RNAs (lncRNAs) are widely transcribed RNA molecules with more 

than 200 nucleotides but do not code for proteins (46). LncRNAs play a role in a variety 

of biological processes, including epigenetic regulation of gene expression, stem cell plu-

ripotency regulation, and so on (47–49). Long intervening/intergenic non-coding RNAs 

(Linc-RNAs), intronic ncRNAs, and sense or antisense lncRNAs are all types of lncRNAs 

that have various genomic locations in regard to genes and exons (50). Through competi-

tive miRNA binding, lncRNAs act as the key regulatory mechanisms affecting many tar-

geted genes. 
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To overcome therapeutic resistance, we need to improve our existing understanding 

of the mechanisms by which ceRNAs are implicated in CSC-related relapse. Thus, this 

review was designed in order to discuss the role of ceRNAs in CSCs function (Table 1). 

Table 1. ceRNA regulation network related to cancer stem cell (CSC) properties. 

lncRNA miRNA mRNA Cancer type Effect in CSC Ref. 

Linc-RNA-ROR miR-205 
 ZEB1, ZEB2, 

ErbB3 and VEGF-A 
Breast cancer 

Maintaining the stem cell 

properties 
(53) 

Linc-RNA-ROR 

Members of let-7 

family  

miR-93-5p miR-

145-3p miR-320a 

miR-320b 

- 
Pancreatic ductal adeno-

carcinoma 

 Maintaining the stem cell 

properties 
(55) 

Linc-RNA-ROR miR-145 
OCT4, SOX2, and 

NANOG 
- 

Maintaining the stem cell 

properties 
(62) 

Linc-RNA-ROR miR-145 OCT4 Prostate cancer 
Maintaining the stem cell 

properties 
(64) 

Linc-RNA-ROR miR-145 
OCT4, SOX2, and 

NANOG 
Colon cancer 

Maintaining the stem cell 

properties and drug re-

sistance 

(68) 

OCT4B 

miR-145  

miR-335 

 miR-20a  

miR-20b 

miR-106a 

 miR-106b 

OCT4A Colorectal cancer 
Maintaining the stem cell 

properties 
(71) 

STARD13-correlated 

ceRNA network 

miR-424 

miR-374a 

miR-590-3p 

miR-448 

miR-15a 

LATS1/2 Breast cancer 
Suppressing the stem cell 

development 
(82) 

MALAT1 miR-375 YAP1 Liver cancer 
Maintaining the stem cell 

properties 
(87) 

CD44 

miR-34a-5p 

miR-373-3p 

miR-520c-3p 

ULBP2 

 

Liver cancer 

 

NK sensitivity of cancer 

stem 
(109) 

GAS5 miR-196a-5p FOXO1 Glioma  
Suppressing the stem cell 

development 
(117) 

UCA1 
miR-1 

miR-203a 
Slug Glioma Induced stemness (125) 

LINC00657 miR-203a 
ZEB1, ZEB2, and 

Snail2 
Colorectal cancer 

Promotes stem-like cell in-

vasion 
(134) 

H19 miR-let7 LIN28 Breast cancer 
Maintaining the stem cell 

properties 
(139) 

HOTAIR miR-211-5p FLT-1 Colorectal cancer 
Maintaining the stem cell 

properties 
(149) 

C8orf34-as1 miR-671-5p MFAP4 Lung adenocarcinoma 
Suppressing the stem cell 

development 
(153) 

MEG3 miR-708 SOCS3 Colorectal cancer 
Suppressing the stem cell 

development 
(150) 

MEG3 miR-650 SLC34A2 
Non-small cell lung can-

cer 

Suppressing the stem cell 

development 
(151) 
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E2F6 miR-193a c-KIT Ovarian cancer 

Maintaining the stem cell 

properties and drug re-

sistance 

(152) 

MYOSLID: 11 miR-149-3p PXN Glioblastoma 
Maintaining the stem cell 

properties 
(158) 

4. CSC and Linc-RNA-ROR_miR-145_OCT4 pathway 

Because lincRNA feedback loops influence the fundamental pluripotency factors oc-

tamer-binding transcription factor 4 (OCT4), SRY [sex-determining region Y]-box 2 

(SOX2), and C-MYC, it's possible that lincRNA is involved in sustaining cancer stem cell 

characteristics (51,52). Linc-RNA-ROR is a typical lncRNA that has been involved in sup-

porting stem cell pluripotency as well as tumor progression in earlier research (53,54). 

Extracellular vesicle-mediated transfer of Linc-RNA-ROR inhibits the sensitivity of 

CD133+ liver CSCs to chemotherapeutic treatments by regulating transforming growth 

factor (TGF) expression (54). In vitro, Linc-RNA-ROR knockdown reduced pancreatic can-

cer cell proliferation, colony-forming ability, and invasion and impaired pancreatic cancer 

cell stem-like properties (55). 

Hou et al. reported that Linc-RNA-ROR promotes EMT in breast cancer cells via 

sponge miR-205 (53). Moreover, Linc-RNA-ROR was revealed as an endogenous sponge 

that inhibited embryonic stem cell (ESCs) differentiation by binding to miR-145, leading 

to maintaining ESC self-renewal (56). In most cancers, miR-145 is downregulated (57–59). 

Given that many ESC-related genes are found in CSCs, it's reasonable to assume that Linc-

RNA-ROR has a role in modulating CSC features (60,61). 

Since Linc-RNA-ROR has been proven to play an important function in maintaining 

the pluripotency of human ESC and compliance with its role in induced pluripotent stem 

(iPS) cells, Fu et al. discovered that Linc-RNA-ROR expression correlates to stemness in 

pancreatic cancer cells (55). Their findings revealed that silencing Linc-RNA-ROR inhib-

ited sphere formation, CSC marker expression, and carcinogenesis. By comparing micro-

array data, they discovered numerous CSC inhibitory miRNAs, including several mem-

bers of the let-7 family, miR-93-5p, miR-320a, miR-320b, and miR-145’3p, were increased 

in Linc-RNA-ROR transcript (55). Notably, Linc-RNA-ROR demonstrated potential ceRNA 

activity targeting other tumor-suppressor miRNAs, including, miR-205, miR-181a, miR-

99b, and let-7a-5p (53,62), reducing its effective concentration (53,56,62), and protect core 

transcription factors in CSCs (63). 

The expression of Linc-RNA-ROR was found to be significantly associated with hu-

man prostate CSCs proliferation, while the expression of miR-145 was found to be ad-

versely associated with prostate CSCs proliferation. Liu et al. found that curcumin inhibits 

prostate CSCs proliferation, invasion, and tumorigenicity through ceRNA actions of miR-

145 and Linc-RNA-ROR (64). OCT4 is a transcription factor that is expressed in a variety 

of cancers and maintains the proliferation and pluripotency (stemness) of CSCs (65–67). 

OCT4 and Linc-RNA-ROR are both suppressed by miR-145. In prostate CSCs, decreasing 

the expression of endogenous Linc-RNA-ROR substantially increased the concentration of 

miR-145, whereas miR-145 inhibits cell proliferation via reducing OCT4 expression. The 

expression of OCT4 and Linc-RNA-ROR was balanced, allowing prostate CSCs to main-

tain the expression of cell cycle kinases and progress through the cell cycle, increasing 

their proliferation and invasion (64).  

The function of Linc-RNA-ROR as a ceRNA that upregulates OCT4, SOX2, and 

NANOG expression by sponging miR-145 was also reported by Yan ZY et al. Their results 

have shown that miR-145 can inhibit the expression of Linc-RNA-ROR, OCT4, SOX2, and 

NANOG. In contrast, Linc-RNA-ROR via sponging this miRNA significantly increased co-

lon CSC proliferation and decreased the sensitivity to chemotherapy (68) (Figure 1). The 

human OCT4 gene can generate three mRNA isoforms (OCT4A, OCT4B, and OCT4B1) by 

alternative splicing (69). OCT4B is introduced as a non-coding RNA among spliced 

isoforms, modulating OCT4A expression in a miRNA-dependent manner (ceRNA 
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regulation). The OCT4 protein, notably the OCT4B isoforms, is expressed at low levels in 

most cancers (70). Li et al. have shown that manipulating OCT4B expression may alter cell 

proliferation based on its impact on OCT4A via competitive binding with miRNAs. In 

their study, overexpression of miR-145, miR-335, miR-20a, miR-20b, miR-106a, and miR-

106b caused a significant downregulation of OCT4 protein in the HCT116 cells, which 

inhibited cell proliferation. So, OCT4B controls OCT4A expression as anti-apoptotic 

ceRNA in tumor cells (71). 

 

 

Figure 1. ceRNAs and their pathways that play a role in the acquisition of CSC characteristics. ceR-

NAs in red are inhibitory and in green are CSC promoters. 

5. CSC and Rho GTPase/F-actin_YAP/TAZ (Hippo) pathway 

Yes-associated protein (YAP)/ transcriptional co-activator with PDZ-binding motif 

(TAZ), which mediates the crucial role in the Hippo pathway, are known to be stemness 

factors in the formation of breast CSCs (72). YAP1 has been associated with cancer cell 

proliferation, EMT, chemoresistance, and suppresses cell apoptosis (73). Upregulation of 

YAP1 may result in CSC characteristics such as sphere formation and self-renewal (74,75). 

The role of YAP1 in acquiring CSC characteristics is mediated by the upregulation of ESC 

factors such as OCT4, SOX2, and NANOG (76,77). Also, TAZ was found to induce CSC-

like characteristics on breast cancer cells in a previous study, and in numerous types of 

stem cells, YAP/TAZ are referred to as "stemness factors" (78). Furthermore, actin remod-

eling factors could regulate YAP/TAZ activity (79).  
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The Hippo signaling pathway is a kinase cascade including mammalian STE20-like 

protein kinase 1 (MST1) and large tumor suppressor 1/2 (LATS1/2), which is critical for 

cell proliferation, death, and organ growth modulation (80,81). As essential members of 

the Hippo pathway, LATS1/2 could phosphorylate and inactivate the downstream effec-

tors, YAP/TAZ.  

Furthermore, StAR-related lipid transfer domain protein 13 (STARD13), cadherin 5 

(CDH5), homeobox D1 (HOXD1), and HOXD10 (termed the STARD13-correlated ceRNA 

network) have been identified as deterministic upstream controller of YAP/TAZ transcrip-

tional activity. The STARD13-correlated ceRNA network was able to co-regulate each 

other by competing for numerous shared miRNA binding sites, resulting in the formation 

of a ceRNA network to suppress breast cancer EMT and metastasis coordinately (82). 

Zheng et al. found that the STARD13-related ceRNA network inhibited the development 

of breast CSCs. The STARD13-correlated ceRNA network enhanced LATS1/2 activity, in-

dicating that this ceRNA network plays a role in regulating the Hippo pathway. Notably, 

CDH5-, HOXD1-, and HOXD10-3′ untranslated region (UTRs) could not act in this path-

way without STARD13, implying that STARD13 played an essential role in bridging 

CDH5, HOXD1, and HOXD10 with LATS1/2 (Hippo cascade). In line with this, the lack 

of LATS1/2 reduced the inhibitory effects of the STARD13-correlated ceRNA network on 

CSC and EMT features, indicating that the tumor-suppressive effects of the STARD13-

correlated ceRNA network are mediated by LATS1/2 modulation (82). 

Human ESC expansion and long-term survival may be facilitated by Rho GTPase/F-

actin signaling (83). On the other hand, STARD13 may act as a Rho GTPase activating 

protein (GAP) that inhibits Rho GTPases and thus RhoA activity, causing the cytoskeleton 

to reorganize (84,85). Rho GTPase and F-actin rearrangements are essential for YAP/TAZ 

activity, according to previous research (79,86). Mechanotransduction is intricately linked 

with cytoskeletal dynamics, and YAP/TAZ responds to mechanical stimuli from the sur-

rounding extracellular matrix, which alerts cells of the need to preserve stem cell proper-

ties (74). By suppressing Rho GTPase/F-actin signaling, the STARD13-correlated ceRNA 

network could also regulate YAP/TAZ activity. 

The STARD13-correlated ceRNA network might suppress breast CSC characteristics 

via two different routes (LATS1/2 and RhoA/F-actin signaling), both of which resulted in 

YAP/TAZ translocation from the nucleus to the cytoplasm. Their findings attempt to es-

tablish novel cooperation and coordination between oncogenic Rho GTPase/F-actin func-

tion and the tumor-suppressive LATS1/2 (Hippo pathway) as two synergistic components 

of the STARD13-correlated ceRNA in modulating breast CSC characteristics. To summa-

rize, STARD13, which is triggered by CDH5, HOXD1, and HOXD10 ceRNAs, stimulates 

Hippo signaling by acting as a ceRNA for upregulating the LATS1/2 and blocks the Rho 

GTPase/F-actin pathway, inhibiting YAP/TAZ and suppressing EMT and CSC develop-

ment in breast cancer (82) (Figure 1). They predicted that verteporfin, a YAP-TEAD bind-

ing inhibitor, may be utilized in combination with other treatments to target breast CSCs. 

It was found that the ceRNA function of STARD13 3′UTR on LATS1/2 is achieved by tar-

geting other miRNAs, including miR-424, miR-374a, miR-5903p, miR-448, and miR-15a.  

In another study, metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) 

is introduced as highly conserved lncRNAs, which could maintain the stemness of liver 

CSCs by upregulating YAP1 via sponging miR-375 (87) (Figure 1). MALAT1 was upregu-

lated in different cancers and has been associated with tumor progression, invasion, and 

chemoresistance (88–91). Also, it has been correlated with CSC characteristics (sphere for-

mation and the upregulation of stemness markers) of pancreatic cancer, osteosarcoma, 

and glioma (92–94). MALAT1 knockdown in pancreatic cancer cells inhibited the sphere 

formation and the expression of self-renewal related factors, including SOX2, implying 

that MALAT1 may increase pancreatic CSC stemness characteristics by upregulating 

SOX2 expression (92). Zhao et al. have shown that knockdown of MALAT1 with small 

interfering RNA (siRNA) cause reduced expression of YAP1, whereas the inhibition of 

miR-375 can induce YAP1 overexpression (87).  
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MiR-375 was thought to be a multifunctional pancreatic islet-specific miRNA that 

modulates pancreatic islet development, glucose homeostasis, insulin secretion, mucosal 

immunity, and carcinogenesis (95). miR-375 levels were previously found to be signifi-

cantly lower in a variety of cancers, including liver cancer, and have been associated with 

poor survival (96,97). By targeting numerous key oncogenes, such as janus kinase 2 (JAK2), 

receptor tyrosine-protein kinase erbB-2 (ERBB2), astrocyte elevated gene-1 (AEG-1), and 

autophagy-related 7 (ATG7), miR-375 could inhibit liver cancer cell proliferation and mi-

gration while also circumventing drug resistance (98–101). It could be used as a predictive 

biomarker for disease progression in hepatocellular carcinoma (97). YAP1 was identified 

as a target of miR-375. MALAT1, by acting as a ceRNA for miR-375, promotes liver CSC 

properties through the post-transcriptional regulation of YAP1 expression (87). 

6. CSC and CD44/NK cell activation 

CD44, a transmembrane glycoprotein, is involved in a wide range of physiological 

processes, including cell adhesion, lymphocyte activation, cell migration, cell prolifera-

tion, angiogenesis, and tumor metastasis (102). In the liver, gastric, or breast cancer, and 

acute myeloid leukemia (AML), CD44 is a CSC marker (103). Also, prostate CSCs have a 

CD44+/α2β1high/CD133+ phenotype and constitute about 0.1 percent of the prostate cancer 

cells. In comparison to CD44¯/α2β1low/CD133¯ cells, CSCs have a greater capacity for pro-

liferation and invasion (23,104). In comparison to CD44¯/CD133¯ cells, the Notch pathway 

was active in prostate CSCs, in addition to high expression of stem cell markers such as 

SOX2, CMYC, OCT4, krüppel-like factor 4 (KLF4), CD90, and stage-specific embryonic 

antigen-1 (SSEA-1) (105). 

Cell proliferation and colony formation are inhibited by CD44's non-coding 3'-UTR, 

whereas cell adhesion, motility, and invasion are enhanced. CD44 modulates the expres-

sion of CDC42, a Rho GTPase involved in cell motility and cell-cycle progression, by bind-

ing and sequestering miR-216a, miR-330, and miR-608 (106).  

UL16 binding protein 2 (ULBP2) is expressed on cancer cells and binds to natural 

killer (NK) cell activating ligand, NKG2D, increasing cancer cell sensitivity to NK cell-

mediated cytotoxicity (107). Contrary to most of the previous studies that the tumor-sup-

pressive roles of miR-34a have been mentioned (108,109) (Figure 1), Anja Heinemann et 

al., revealed that miR-34a and miR-34c are adversely related to surface ULBP2, sensitize 

tumor cells to kill by NK cell (110). Since ULBP2 is a receptor of miR-34a, CD44 interferes 

with miR-34a's binding and increases the expression of ULBP2 in liver CSCs, which causes 

NK cells to kill the CSCs. CD44 protected ULBP2 in a ceRNA mechanism, primarily by 

binding miR-34a specifically to prevent ULBP2 degradation (111). miR-34a, being a tu-

mor-suppressive miRNA, has a relatively low concentration, which is ideal for forming 

the ceRNA network. Their findings suggested that CD44 could act as a ceRNA to regulate 

ULBP2 expression by competing with miR-34a, miR-373, and miR-520c, expanding the 

ceRNA function of CD44 3’UTR in ULBP2 modulation. As a result, anti-CD44 antibody 

had no effect on NK cell-mediated cytotoxicity in liver CSCs, which could be considered 

a possible approach to eliminating liver CSCs. 

7. CSC and Wnt/β-catenin pathway 

The Wnt/-catenin signaling pathway, which affects the production of various CSC-

related miRNAs such as miR-34, miR-302, and let-7, was found to be inhibited by miR-320 

(112–115). According to studies, lncRNA growth arrest-specific transcript 5 (GAS5) can 

inhibit the activation of the Wnt/β-catenin signaling pathway, thereby suppressing angi-

ogenesis, invasion, and metastasis in various tumors. In a study, Li et al. revealed that 

GAS5, as a ceRNA, can decrease triple-negative breast cancer (TNBC) cell progression by 

competitively binding to miR-196a-5p (116). The role of GAS5 as ceRNA in CSCs also 

demonstrated by Zhao et al. MiR-196a-5p via downregulation of the forkhead box protein 

O1 (FOXO1) expression stimulates glioma stem cell (GSC) proliferation, migration, and 

invasion (117) (Figure 1). Their data showed that GAS5 exerted tumor suppressive 
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functions in glioma stem cells via sponging miR-196a-5p, thus resulting in attenuation of 

tumor migration and invasion activities. Using gene microarray, another study reported 

that miR-105/93-3p promotes stemness, chemoresistance, and TNBC cell metastasis via 

activating Wnt/β-catenin signaling. The activation of this pathway induces through the 

downregulation of secreted frizzled-related protein 1 (SFRP1) because SFRP1 is most sen-

sitive to miR-93-3p upregulation (44). 

8. TGF-–UCA1–Slug pathway 

LncRNA urothelial carcinoma-associated 1 (UCA1) has been found to stimulate the 

proliferation, migration, and invasion of cervical cancer cells or glioma cells by modulat-

ing the expression of miR-206, miR-122, and miR-182 (118–120). By upregulating zinc fin-

ger E-box binding homeobox 1 (ZEB1), UCA1 could sponge miR-204-5p to stimulate gli-

oma cell motility, invasion, and EMT (121). According to the He et al. study, UCA1 regu-

lates glycolysis that is conducted by glioblastoma stromal cells and glioma cell invasion 

(122). TGF-, a significant EMT activator, accelerates the invasion and metastasis of non-

small cell lung cancer (NSCLC) and enhance the stemness of MiaPaCa-2 pancreatic cancer 

cell (123,124). According to Li et al., TGF- triggered the UCA1 expression in glioma cells 

(125) (Figure 1). Moreover, TGF- promoted EMT and stemness, whereas UCA1 knock-

down inhibited this action. They also found that UCA1 acted as a ceRNA by competitively 

binding to miR-1 and miR-203a, increasing the expression of Slug, a downstream effector 

of TGF-signaling pathway. In a variety of cancers, including colorectal, renal, lung, 

esophageal, and head and neck cancer, miR-203a functions as a tumor suppressor gene 

and inhibits invasion by suppressing its target genes, including ZEB1, ZEB2, and Snail2 

expression (126–132). Overexpressing Slug reversed the effects of UCA1 knockdown on 

glioma cell EMT and stemness, and their expression showed a positive association in gli-

oma tissues. These findings imply that UCA1 plays a crucial role in the regulation of EMT, 

stemness, and drug resistance, suggesting that it may be a promising target for glioma 

therapy. 

Previous research suggested that LINC00657 may function as an oncogene in the co-

lon and gastric cancer (131,133). High LINC00657 expression in CRC was correlated to 

metastasis, poor survival, and advanced clinical stage. According to Zhao et al. findings, 

LINC00657 was increased in human colorectal cancer cells and CSCs (134). In vitro CSC 

invasion was inhibited by LINC00657 knockdown. Furthermore, LINC00657 functioned 

as a miR-203a competing endogenous RNA, counteracting its activity as a tumor suppres-

sor gene and causing the CSC invasion. After transfection with si-LINC00657, the expres-

sion of ZEB1, ZEB2, and Snail2 was downregulated in CSCs; however, their expression 

was reversed after transfection with si-LINC00657 plus miR-203a inhibitor. By interacting 

with miR-203a, which targets ZEB1, ZEB2, and Snail2, LINC00657 boosted CSCs invasion 

(Figure 1). 

9. Other pathways 

LncRNA H19 seems to be implicated in proliferation, differentiation, EMT, and stem-

ness, implying that it plays a role in tumorigenesis and progression (135,136). H19 has 

recently been demonstrated to repress the P53 protein, implying that H19 plays a role in 

carcinogenesis (137). At the time of implantation, H19 is activated in extraembryonic cells; 

however, after birth, its expression in all tissues significantly declines (138). H19 enhances 

sphere-forming capacity while its deletion decreases colony-forming ability (139). H19 

acts as an endogenous sponge for the tumor suppressor let-7 to regulate cancer metastasis 

(140) (Figure 1). Compared to surrounding tissues, let-7 expression is lower in breast tu-

mor tissues. On the other hand, H19 overexpression or reduction did not affect cell prolif-

eration in breast cancer cells, implying that H19-regulated spheroid formation, colony for-

mation, and tumor-initiating activities are correlated to self-renewal. The stemness 

maintenance of breast CSCs via sponging the tumor suppressor let7 miRNA is one of the 

ceRNA activities of H19 lncRNA. In this line, Peng et al. found that H19 is overexpressed 
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in breast cancer cells and, by acting as a ceRNA to inhibit the synthesis of miR-let7, pro-

motes the expression of LIN28 mRNA, the core RNA-binding pluripotency stem cell fac-

tor implicated in breast CSCs maintenance (141). Indeed, H19 protects LIN28 from let-7-

mediated degradation. In adult human fibroblast cells, the RNA-binding protein LIN28 

collaborated with KLF4, SOX2, and NANOG to promote pluripotency (142,143). In ad-

vanced human cancers, LIN28 is overexpressed and promotes cancer growth and metas-

tasis by upregulating LGR5 and PROM1. It plays a crucial function in the development of 

CSCs (144,145). Pre-let-7 elements have a conserved terminal loop that LIN28A binds to 

it. The LIN28 blocking let-7 synthesis and repressed let-7 miRNA target genes (RAS, MYC, 

and high mobility group AT-Hook 2 [HMGA2]), which is critical for CSC maintenance 

(146–148). Furthermore, via a feedback loop, LIN28 induction can diminish let-7 expres-

sion even further, as well as H19 is repressed by let-7. Surprisingly, increased H19 expres-

sion significantly boosted breast CSCs characteristics such as self-renewal, colony for-

mation, sphere-forming capacity, and migration (141). 

HOX transcript antisense RNA (HOTAIR) is another lncRNA that acts as ceRNA and 

promotes CSC properties in colorectal cancer. This lncRNA can facilitate the expression 

of Fms-like tyrosine kinase-1 (Flt-1) via downregulating miR-211-5p expression and activ-

ity (Figure 1). Flt-1 is the type 1 receptor for vascular endothelial growth factor A (VEGF-

A), and a CSC marker for CSC cells in colorectal cancer, which increase its expression and 

cause tumor initiation, progression, migration, and metastasis (149). 

Maternally expressed gene 3 (MEG3), is a lncRNA that acts as a tumor suppressor in 

multiple cancers. According to a variety of studies, MEG3 is involved in the regulation of 

cell proliferation, migration, invasion, and chemoresistance through the "sponging" of 

mRNAs or miRNAs, and its depletion is reported to enhance stem-cell-like properties in 

a variety of cell types, including germline stem cells, mesenchymal stem cells, and lung 

cancer cells. In a study, S. Zhang et al. introduced MEG3 as a ceRNA that prevents the 

proliferation of colonic stem cells (150). Their results showed that MEG3 sponges miR-708 

to enhance expression of suppressor of cytokine signaling 3 (SOCS3) and suppress signal 

transducer and activator of transcription 3 (STAT3) signaling and malignant proliferation 

of colonic stem cells during the early stage of colon tumor formation. The role of MEG3 as 

a ceRNA also was reported in lung cancer stem cells (LCSCs). Upregulation of MEG3 pro-

motes the protein level of solute carrier family 34 member 2 (SLC34A2) and curbs migra-

tion and invasion in LCCs and LCSCs by sponging miR-650 (151) (Figure 1). The inhibition 

of SLC34A2 restored cell migration and invasion, which was prevented by miR-650 down-

regulation. So, MEG3 as a ceRNA plays an important role in the stem cell-like state of 

LCCs and inhibits migration and invasion in NSCLC via the miR-650/SLC34A2 axis. 

The involvement of ceRNA networks in tumor progression and stemness was re-

ported in ovarian cancer by Cheng et al. (152). E2F transcription factor 6 (E2F6) is upreg-

ulated in ovarian cancer when estrogen (E2) binds to the estrogen receptor (ER). Upregu-

lated E2F6 mRNA, in turn, upregulates the oncogene c- KIT, a facilitator of cancer "stem-

ness". Overall, E2F6 via competitive inhibition of miR-193 binding acts as a ceRNA to in-

crease the expression of the c-KIT, thus advancing tumor progression (Figure 1). 

Identified differentially expressed lncRNAs (DElncRNAs), DEmiRNAs, and DEmR-

NAs between cancer and normal tissues using the cohort from the TCGA data set also 

introduced new ceRNA networks correlated with CSC. Han et al. found a novel cancer 

stemness-related ceRNA axis (C8orf34-as1/miR-671-5p/MFAP4) in lung adenocarcinoma 

(LUAD) via multiple bioinformatics analyses (153) (Figure 1). Microfibrillar-associated 

protein 4 (MFAP4) is an extracellular glycoprotein that may be involved in cell adhesive 

activity (154), and dysregulation of this protein is reported in a variety of malignant tu-

mors (155). In prostate and urinary bladder cancer, MFAP4 acts as a tumor suppressor 

(156,157), and by targeting MFAP4, miR-147b increased aggressiveness in LUAD cells 

(158). Low expression of MFAP4 was associated with LUAD patients' poor prognosis. 

Also, it was revealed that lncRNA C8orf34-as1 is correlated to the prognosis of LUAD pa-

tients (159). The results of Han et al. have shown that the C8orf34-as1 acts as an endoge-

nous sponge by binding to miR-671-5p and abolishing miRNA-induced MFAP4 
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suppression. This ceRNA regulatory axis correlates with the cell invasion and stemness of 

LUAD (153).  

Another study used TCGA to incorporate the ceRNA network into the GSC differen-

tiation process. Zhao et al. identified lncRNA MYOSLID: 11 as a ceRNA that regulated the 

expression of the downstream gene paxillin (PXN) by competitively binding with hsa-

miR-149-3p in GSC (Figure 1). The increased expression of PXN strikingly increases tumor 

cell and stem cell migration and invasion (160). 

10. Discussion 

As a result, considering the comprehensive impacts of the ceRNA network on differ-

ent pathways, a treatment strategy driving the ceRNA network might be proposed. On 

the other hand, further therapies targeting CSCs for cancer treatment are urgently needed, 

particularly for that whit a poorly differentiated "stem/progenitor" cell phenotype. The 

successful development of novel treatment strategies that target CSCs has the potential to 

improve cancer patient outcomes. 

Due to the diversity of miRNA targets, other non-coding RNAs may act as ceRNAs 

to modulate important gene expression in CSCs. The identification of these ceRNAs could 

assist the researcher in better understanding tumorigenesis. These findings and targeting 

this recently discovered regulatory circuitry may open the path for discovering new can-

cer therapeutic targets and shed light on the understanding of novel predictive bi-

omarkers that can be used to guide clinical research. 
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