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A B S T R A C T   

Cancer stem cells (CSCs) are considered to be a kind of tumor cell population characterized by self-renewal, easy 
to metastasize and drug resistance, which play an indispensable role in the occurrence, development, metastasis 
and drug resistance of tumors, and their existence is an important reason for high metastasis and recurrence of 
tumors. Long non-coding RNAs (LncRNAs), which are more than 200 nucleotides in length, have a close rela
tionship with the malignant progression of cancer.In recent years, abundant studies have reavling that LncRNAs 
are beneficial to the regulation of various cancer stem cells. Linc-ROR, as a newly discovered intergenic non- 
protein-coding RNA in recent years, is considered to be a key regulator affecting the development of human 
tumors. Dysregulation of Linc-ROR is related to stemness phenotype and functional regulation of cancer stem 
cells. For that, Linc-ROR has the potential to be used as a diagnostic biomarker for cancer patients and can serve 
as a clinically meaningful potential therapeutic target. In this review, we generalize the existing research results 
on the important role of Linc-ROR in regulation of CSCs.   

Introduction 

After treatment of malignant tumors, patients often die due to 
recurrence and high rates of metastasis, which has been a major clinical 
treatment problem. The part of reason that cancer is difficult to cure can 
be attributed to the emergence of invasive cell populations such as CSCs. 
As a subset of self-renewing malignant cells, cancer stem cells(CSCs) can 
enable to self-renew and evade the effects that many drugs inhibit 
cancer cell proliferation [1]. Additionally, they can differentiate into 
non-stem cancer cells, causing the heterogeneity of some malignant 
tumor [2]. CSCs are located in a specific "cancer stem cell niche", which 
is a specific microenvironment in tumors tissues, including stromal cells, 
immune cells, networks of cytokines and growth factors,and extracel
lular matrix. 

These niches are involved in maintaining CSCs plasticity by regu
lating pathways or transcription factors during self-renewal or 
epithelial-mesenchymal transformation (EMT) processes through para
crine factors or direct cell-cell contact [3]. In turn, some of these niche 
components can be actively recruited by CSCs to create a appropriate 
microenvironment for their survival. It is critical for CSCs to have an 
interaction with these regulators for maintaining CSC populations. 

LncRNAs, as a class of non-coding RNAs with a length of more than 
200 nucleotides, have no potential to encode proteins and are found to 
be commonly expressed in specific tissues [4]. Due to the different 

subcellular localization, lncRNAs can play different regulatory roles, so 
there are lots of biological processes that can be regulated by lncRNAs, 
such as regulating gene expression, maintaining genome integrity, 
chromatin remodeling and genome silencing, transcriptional activation 
as well as interference, nuclear transport, cell differentiation and 
development [5].As molecules involved in the regulation of stemness or 
stemness phenotypes, Long non-coding RNAs (LncRNAs) can regulate a 
variety of biological processes through multiple mechanisms, including 
acting as scaffolds for protein complexes, baits for RNAs, sponges for 
microRNAs, and guiding transcription factors [6], such as cell prolifer
ation, cell death, differentiation, and cell homeostasis. Linc-ROR, one of 
the recently identified LncRNAs, has been shown to positively impact 
the maintenance of stemness properties of CSC by directly targeting 
major CSC-related transcription factors (e.g., Sox2, Oct-4, and Nanog) as 
well as other tissue-specific transcription factors, and is required for the 
maintenance of pluripotent stem cell phenotypes and their local prolif
eration [7,8]. In this review, we describe the relationship between 
Linc-ROR and the acquisition of stem phenotypes in cancer cells, and the 
biological significant meaning of this relationship. 

Origin and characteristics of CSCs 

Cancer stem cells (CSCs) are functional tumor cell subsets with 
stemness,which can promote the malignant occurrence and 
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development of cancer. In 1994, the Lapidot team successfully authen
ticated and extractd tumorigenic stem cell populations in acute myeloid 
leukemia and fully confirmed their tumorigenicity through animal ex
periments [9]. Subsequently, it has been successively demonstrated that 
CSCs are prevalent in many solid tumors, including breast cancer, 
glioblastoma, etc. Scholars have successively carried out researchs on 
solid tumor stem cells [10]. It’s verited by mounting studies that CSCs 
are derived from normal cancer cells differentiated from progenitor cells 
or normal stem cells [11], or from stem cells obtained through the 
epithelial-mesenchymal transition (EMT) process [12]. Now, the EMT 
process is deemed as a continuum from a fully epithelial/proliferative to 
a fully mesenchymal/invasive phenotype, including a series of inter
mediate mixed states.CSCs can represent any of these phenotypic states 
and exhibit excellent plasticity. By reducing the polarity and adhesion of 
common cancer cells and cancer stem cells, the activation of the EMT 
program causes these cells to increase their mobility and aggressiveness, 
which are critical steps in cancer development as well as treatment 
resistance [13]. Although there are different opinions on the origin of 
cancer stem cells, numerous studies have proven that CSCs populations 
can be identified by the stemness-related transcription factors(such as 
Nanog, Oct4, Sox2, and CD133). In the process of tumor development, 
CSCs perform an increasingly vital role in various stages of tumor 
initiation, progression, distant metastasis, and treatment resistance. It’s 
said that maintaining the CSCs population give tumors more opportu
nities to resist the chemotherapy and radiotherapy, thereby increasing 
the chances of cancer recurrence. 

The main characteristics of stemness 

Expression of main marker 
As a member of homeodomain transcription factors in the Pit-Oct- 

Unc family, Oct-4 is regarded as one of the most critical core tran
scription factors, which has become a major regulator in the control of 
stem cell pluripotency, self-renewal and maintenance [14]. Studies have 
demonstrated that Oct-4 can maintain lung cancer stem cell (CSC) -like 
properties, and its presence is strongly linked with poor prognosis in 
lung adenocarcinoma and colorectal cancer [15,16]. Besides, Oct-4 was 
found to promote the polarization of M2 macrophage by upregulating 
macrophage colony-stimulating factor in lung cancer, leading to growth 
and metastasis of lung cancer, which suggests that the axis in M2 
macrophage polarization may be a promising therapeutic target for lung 
cancer [17]. Similarly, the high expression of Oct-4 was observed in 
CD44+/CD24- breast CSC-like cells, and chemotherapy induction of 
KDM6A induced by S100A10 promoted the formation of Oct-4-mediated 
breast cancer stem cell [18]. In addition, YTHDF2 promotes the 
phenotype of hepatoma stem cell and the metastasis of HCC by modu
lating the m6A methylation of Oct-4 mRNA [19]. Thus, these studies 
were able to demonstrate that Oct-4 is a pluripotent factor in CSCs. 

The transcription factor Sox2, belonging to the SRY-associated HMG- 
box (Sox) family, is a marker of undifferentiated cells and is involved in 
maintaining the phenotype of undifferentiated cell, and its abnormal 
expression in cancer can lead to increased chemoresistance and asym
metric division [20]. As one of the key transcription factors in CSCs, it 
has been used as a surface marker for the identification of CSCs in a 
variety of tumors, and can be regulated by self-renewal related genes to 
regulate stemness characteristics [21]. High expression level of Sox2 can 
be found in a variety of cancers with poor prognosis [22], and is key to 
characterizing a stem-like phenotype in more than a dozen tumors [23]. 
Besides, through targeting β-catenin and Beclin1 / autophagy signaling, 
Sox2 can promote chemoresistance in CRC, the characteristics of stem 
cells and EMT process [24]. Sox2 is essential for the development of 
osteosarcoma. It can maintain CSCs self-renewal in osteosarcoma,but 
the loss of Sox2 abolishes the ability of OS cells to proliferate and 
sphere-form [25]. Sox2 can also promote the dedifferentiation of cancer 
cell and confer stem-like characteristics to pancreatic cancer cells [26]. 
On the whole,these curent conclusions suggest that Sox2 plays an 

significant role in regulating CSC self-renewal as well as proliferation 
ability. 

Nanog, as a transcription factor, has pleiotropic effects in the 
tumourigenic cascade, including resistance to chemotherapy and radi
ation, promotion of EMT, and modulation of CSCs populations [27]. 
Relevant studies have shown that Nanog is silent in normal human cells, 
but aberrantly expresses in tumors (e.g., liver cancer) and is connected 
with advanced stages of cancer (tumor node metastasis ((e.g.,TNM) 
stage III/IV) [28]. Moreover, Nanog has tumorigenic potential, but its 
inactivation weakens the tumorigenic potential of cancer cells in vitro 
and in vivo [29]. In contrast, forced overexpression of Nanog in estab
lished cancer cell lines can enhance stemness as well as EMT in cancer 
stem cells, resulting in promoting tumorigenicity [30]. Recently, studies 
on immune refractory tumor cells have shown that LC3B promotes im
mune resistance and CSC-like phenotypes by overactivating the 
EGFR-AKT functional axis, and therefore can counteract Nanog + im
mune refractory tumors by inhibiting LC3B expression [31]. This has 
significant implications for immunotherapy of tumors. It’s proven that 
Nanog is irreplaceable in regulating the stemness properties of CSCs. 

Self-renewal and proliferation 

Self-renewal, as an important feature of cancer stem cells, refers to 
the biological process by which stem cells generate at least one daughter 
cell that retains stem cell characteristics through symmetrical or asym
metric division [32]. Self-renewal not only increases the number of stem 
cells, but also maintains the potential of stem cells to differentiate into 
multiple types in the meantime. For some tissue-specific stem cells, 
self-renewal is the basis for maintaining their lifelong differentiation 
potential. A key step in tumorigenesis is that mutations in some genes 
involved in regulating self-renewal lead to self-renewal ability of tumor 
cells [33].CSCs have unlimited proliferation of malignant clones, sym
metrical(to increase in number)or asymmetric(to generate more differ
entiated descendant) sphere-forming division and growth. Asymmetric 
self-renewal division is to produce a offspring retained in the stem cell 
lineage, while the other undergoes limited rounds of transport expan
sion and differentiation [34]. In melanoma, the persistence of CSC 
demonstrated the ability of stem cells to self-renew in melanoma 
following serial cloning in vitro and transplantation of pluripotent 
melanoma stem cells in vivo [35]. Among malignant proliferating cells 
in tumors, CD133 +stem cells show stronger colony-forming ability, 
higher proliferation efficiency, and the stronger ability of successive 
passages to form tumors in vivo [36]. Increasing evidence supports the 
idea that the self-renewal of CSCs can be guided by activation of mul
tiple pathways, including Wnt, Notch, and Hedgehog. CSCs can auton
omously trigger appropriate signaling cascades to maintain self-renewal 
and provide minimal niche support.Some CSCs may even require an 
appropriate microenvironment to provide stimulation for uncontrolled 
self-renewal. 

Metastasis 

Metastasis refers to a biological process in which cancer cells spread 
from the primary tumor and migrate to other areas of the body to form 
new malignant tumors. Epithelial-mesenchymal transition (EMT) can 
enhance the metastatic ability of cancer cells, which can stimulate many 
biological special characteristics of MCSC, including remodeling the 
cytoskeleton, reduced adhesion, etc., allowing them to escape the pri
mary site and spread throughout the body [37]. During cancer metas
tasis, CSCs undergo epithelial-mesenchymal transition (EMT) thereby 
acquiring mesenchymal features, migrating to adjacent stromal tissues, 
and invading blood vessels or lymphatic vessels, thereby enhancing 
cancer recurrence and metastasis [38,39]. The role of the microenvi
ronment is also non-negligible in transferring CSC. 

X. Wen et al.                                                                                                                                                                                                                                     



Translational Oncology 28 (2023) 101602

3

Tumorigenic ability 

In terms of animal experiments, the tumorigenic capacity of CSC is 
defined as the ability of a subset of cells with stem cell properties to 
induce phenotypic copies of the original tumor after continuous trans
plantation into NOD/SCID mice and to continue to grow into tumors 
that can be continuously transplanted [40]. The number of CSC is very 
small, and the tumorigenic ability is more than hundreds of times larger 
than that of common tumor cells, which is an indispensable factor for 
tumor development, progression and maintenance. Animal experiments 
clearly verified that cancer stem cells have strong tumorigenic ability in 
vivo. In 1994, the Lapidot team successfully isolated the tumorigenic 
stem cell population of acute myeloid leukemia for the first time, and its 
tumorigenicity was fully confirmed by animal experiments [9]. Subse
quently, its tumorigenicity has been continuously explored through 
animal experiments in various solid cancers, including breast cancer, 
brain cancer, ovarian cancer, and pancreatic cancer 

Drug resistance 

Cancer stem cells (CSCs) are an important cause of tumor recurrence 
and drug resistance. Cancer cells develop tolerance for many reasons, 
one of which is the ability to actively excrete therapeutic agents through 
ABC-family transporters and induce overexpression of the metabolic 
enzyme aldehyde dehydrogenase (ALDH) [41], while interestingly, a 
feature of cancer stem cells in the context of drug resistance is the high 
level of expression of ABC transporters as well as aldehyde dehydroge
nase (ALDH) expression [42]. In addition to this, increasing evidence 
suggests that CSC can also protect against chemotherapeutic agents 
through multiple mechanisms, such as excessive activation of the DNA 
damage response (DDR), apoptosis evasion, activation of Notch, 
Hedgehog, and Wnt pathways [43], and cell cycle promotion and/or 
altered cellular metabolism (e.g., mitochondrial metabolism) [44]. 

Dysregulated signaling pathways in CSC and their effect on 
cancer cell stemness 

It is clear that all signaling pathways function as a coordinated 
network rather than operating in isolation.The phenotype of CSCs relies 
on the output of the entire signaling network.Currently, the main stem 
cell signaling pathways are Wnt/β-catenin, Notch, and Hedgehog (Hh) 
[45].In the case of cumulative mutations or absence of regulatory 
mechanisms, the above signaling cascade network may be aberrantly 
activated or dysregulated, leading to some changes in the cellular 
characteristics of CSCs. This aberrant activation may be beneficial to 
enhance the self-renewal ability, the cell proliferation and differentia
tion in CSCs. Here we briefly introduce one of these signaling cascades, 
Wnt/β-catenin pathway.The Wnt/β-catenin pathway has been verified 
to can be activated by β-catenin, leading to the expression of target genes 
regulating stem cell self-renewal and playing an essential role in normal 
and pathological cell stemness.In lung cancer, inhibition of the 
Wnt/β-catenin pathway significantly downregulated Oct-4/Nanog 
expression, restored susceptibility to clinically relevant anticancer 
drugs and reversed EMT process [46]. LncRNAs can also regulate cancer 
stem cells by regulating Wnt/β-catenin signaling channels, thereby 
regulating malignant proliferation of tumors. For example, 
LncRNA-p21, as a tumor suppressor in colorectal cancer, can suppress 
CSC-like characteristics (such as self-renewal ability) in colorectal can
cer by inhibiting the activation of β-catenin signaling [47].As mentioned 
above, dysregulated signaling pathways in CSCs do play an integral role 
in the maintenance of cancer cell stemness. 

The concept of Linc-ROR and its regulatory mechanisms in CSCs 

The reprogramming regulator (Linc-ROR), located on chromosome 
18 and composed of four exons, is a novel and important oncogenic 

LncRNA with the length of 2.6 kb, participating in the regulation of 
cellular reprogramming processes [48]. Researches in this field have 
been extensively expanded owing to its discovery, showing the impor
tant functions of Linc-ROR in tumorigenesis.Initially, it was reported as 
a highly expressed transcript of pluripotency and embryonic stem cells, 
and subsequent reports confirmed that Linc-ROR regulate the self-renew 
of human embryonic stem cell by targeting microRNA and upregulating 
the expression of core transcription factors(Sox2, Oct-4 and Nanog) 
[14].Moreover, Linc-ROR plays a critical role in maintaining iPSCs and 
embryonic stem cells (ESCs) by preventing the activation of cellular 
stress pathways, including the p53 response.Subsequently, further 
studies found that Linc-ROR inhibited p53 translation by interacting 
with heterogeneous nuclear ribonucleoprotein I (hnRNP I) of DNA 
damage [49], and clarified a link between Linc-ROR and oncogenes 
c-Myc in cancer progression [50].In addition, it has been reported that 
Linc-ROR is involved in the regulation of Wnt/β-catenin, Hippo/YAP, 
MAPK/ERK, EMT and hypoxia signaling pathways.In short, increasing 
evidence suggests Linc-ROR represents a potent tumor promoter that 
plays an important role in the malignant development of tumors. In 
pancreatic cancer, Linc-ROR induces ZEB1 expression to promote EMT, 
enhance the invasion and metastasis ability of cancer cells, and promote 
the occurrence of pancreatic cancer. This paper also proposed that 
Linc-ROR/ZEB1 /EMT may be the regulatory axis of pancreatic cancer 
stem cells, as ZEB1 can regulate CSCs [51]. Most notably, Linc-ROR has 
been found to be aberrantly expressed not only in different cancers, but 
also highly expressed in CSCs and is able to interact with miRNAs and 
maintain stem cell pluripotency [52].Recognizing the fact that inhibi
tion of Linc-ROR may reduce the chance of CSCs becoming the origin of 
cancer and can facilitate related research and cell therapy, we therefore 
explore the possible function of Linc-ROR in CSCs. 

Firstly, Linc-ROR is a positive regulator of CSCs. As a reprogramming 
regulator, Linc-ROR was validated to be elevated in human induced 
pluripotent stem cells(iPSC) and able to modulate iPS-mediated 
reprogramming, possibly by interacting with chromatin modification 
complexes to contribute to regulating different epigenetic structures in 
pluripotent cells [53].The core transcription factors (TFs), such as Sox2, 
Oct-4 and Nanog, are expressed in various tumors and are associated 
with undifferentiated phenotypes, underscoring that iPSCs are func
tionally and phenotypically similar to ESC, and pluripotency is induced 
by reprogramming these cells into iPSCs by exogenously introducing 
these TFs into mouse or human adult cells [54].However, the influence 
of Linc-ROR may be consumed when there are plentiful microRNAs, and 
Linc-ROR prevents microRNA mediated repression of TFs (Sox2, Oct-4 
and Nanog) in self-renewing human embryonic stem cells (ESCs).For 
example, Linc-ROR has previously been shown to act as a molecular 
"sponge" and competitively regulate Sox2 expression with miR-145, 
thereby achieving pluripotency maintenance in human amniotic 
epithelial cells (HuAEC), regulating their efficiency of directed β-islet-
like cell differentiation, and helping to restore islet function [55].Lin
c-ROR also acts as a microRNA sponge to regulate the expression of the 
core transcription factors Oct4, Sox2, and Nanog during self-renewal in 
human embryonic stem cells.Overall, this role in regulating core tran
scription factors by acting as microRNA "sponges" is visible in a variety 
of cancers.For example, miR-145 is a relatively commonly induced 
microRNA of Linc-ROR promoting CSC properties.The expression of 
Sox2, Oct-4 and Nanog is induced by negative regulation of miR-145 in 
endometrial cancer thereby differentiation of cancer stem cells [56].In 
OA, chondrogenic differentiation and chondrogenesis of BMSCs (MSCs) 
are promoted by acting as competitive endogenous RNAs for miR-138 
and miR-145 and activating Sox9 [57].What’s more, Linc-ROR can 
also mediate the acquisition of CSC properties by other microRNAs, 
including let-7 miRNA family, as well as miR-93–5p, miR-320a, 
miR-320b,miR-15b, miR-33a, miR-129, miR-206 and so on [58,59]. 
Indeed, Linc-ROR acts as a sponge for microRNAs that target major 
CSCs-associated core transcription factors (e.g., Sox2, Oct4, and Nanog) 
and exhibits positive effects on the self-renewal of CSCs and 
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maintenance, which are required for pluripotent stem cell phenotypes 
and their proliferation [60]. 

Nextly, as is well known, many signaling pathways are significantly 
associated with the development of tumors.Therefore, we summarize 
some of the Linc-ROR regulatory signaling pathways related to tumor 
development, and explore how these signaling pathways contribute to 
tumor development in cancer stem cells. Notably, the Wnt/β-catenin 
signaling pathway, also called canonical Wnt signaling pathway, is a 
conserved signaling axis that controls a large number of biological 
processes during animal development and life cycle, including various 
physiological processes involved in proliferation, differentiation, 
apoptosis, migration, invasion, and tissue homeostasis.For example, 
Linc-ROR can promote migration of ovarian cancer cells by activating 
the Wnt/β-catenin protein signaling pathway, which leads to activation 
of EMT signaling [61].Of course, Wnt/β-catenin signaling is also asso
ciated with regulating pluripotency, self-renewal and differentiation 
ability of stem cells. However, the relationship between Linc-ROR and 
Wnt/β-catenin signaling remains unknown and is needed to be further 
studied in cancer stem cells. Linc-ROR can also cause the activation of 
the Hippo/YAP pathway and promote proliferation, migration, and in
vasion of pancreatic cancer cells [62].The Hippo/YAP pathway, an 
evolutionarily conserved regulator of tissue growth and cell fate, is a 
potential pathway capable of regulating tissue homeostasis, organ size, 
and stem cells and is considered important for human cancer [63,64].It 
has been shown that YAP1 inhibitor CA3 can inhibit the growth of CSCs 
in radiation-resistant EAC cells with high YAP1 expression and reduce 
the number of these cells in Esophageal Adenocarcinoma [65].The 
MAPK/ERK signaling pathway plays a fundamental role in controlling 
key cellular processes including cell survival and proliferation, and 
improper regulation of this pathway leads to abnormal cell behavior 
promoting carcinogenesis, which includes increased cell growth and 
proliferation, dedifferentiation, and survival [66].Furthermore, as we 
know, the MAPK/ERK signaling pathway is negatively regulated by 
mitogen-activated protein kinase phosphatases, in which the protein 
kinase phosphatase DUSP7 can participate in ERK dephosphorylation 
[67].Interestingly, knockdown of Linc-ROR increased DUSP7 protein 
stability, leading to inhibition of ERK phosphorylation, and 
re-overexpression of Linc-ROR restored all of these phenotypes, sug
gesting that Linc-ROR promotes estrogen-dependent growth and acti
vation of the MAPK/ERK pathway in breast cancer cells by regulating 
the ERK-specific phosphatase DUSP7 [68].Wnt/β-catenin, Hippo/YAP, 
MAPK/ERK rank-linked signaling pathways are very likely to be 
abnormally activated or regulated to some extent under the pressure of 
cumulative mutations or loss of regulation, resulting in changes in stem 
cell characteristics present in CSC, enhanced self-renewal ability, and 
enhanced malignant proliferation ability.Linc-ROR acts as a trigger 
molecule for these signaling pathways, and we speculate that it is also 
able to regulate these signaling pathways in various cancer stem cells 
through various downstream target genes. 

In addition, Linc-ROR, as a non-coding RNA, has unlimited explo
ration possibilities in mediating the role of information exchange be
tween cells and thus promoting tumor development. Extracellular 
vesicles (EVs; including exosomes and microvesicles) can transport 
proteins, lipids, microRNAs, mRNAs, DNA, and more recently LncRNAs 
from one cell to another. Recently, exosomes have become increasingly 
popular, and in the microenvironment, they become important media
tors of information exchange between tumor cells and stromal cells, 
delivering and exchanging their abundant components, including 
LncRNA [69]. In pancreatic cancer, exosome Linc-ROR can mediate 
crosstalk between cancer cells and adipocytes via the HIF1α/ZEB1 axis 
and promote pancreatic cancer tumor growth [70]. Similarly, exosomes 
from CSC clones can be isolated, purified, and quantified in thyroid 
cancer stem-like cells, and CSC exosomes can induce EMT and increase 
the invasive potential of normal thyroid cells through metastasis and 
Linc-ROR expression, and targeting this mechanism can provide effec
tive therapeutic strategies for the treatment of invasive thyroid cancer 

[71]. Transfer of ncRNAs (e.g., miRNAs or LncRNAs) via EVs may 
represent a novel mechanism for cell-to-cell communication that pro
motes tumor growth and metastasis. Presently, because Linc-ROR from 
cancer stem cells and exosomes is poorly understood, perhaps in-depth 
studies can make a significant contribution to drug therapy in the clinic. 

Potential clinical applications of Linc-ROR in human cancer 

Cancer develops very rapidly. It’s difficult to make a rapid diagnosis 
for cancer patients early, and in particular specific biomarkers are also 
lacking in current medical conditions. For that, it is essential to identify 
and monitor specific cancer biomarkers for cancer-related molecular 
differences that are suitable for early diagnosis. These biomakers will 
help to develop optimal treatment options and gain valuable treatment 
time for cancer patients. There is an abundance of evidence to support 
the fact that long non-coding RNAs (LncRNAs) can influence cancer 
development and progression through diversified signaling pathways. 
Due to the abnormal expression and specificity in tumors, LncRNAs have 
the potential to become cancer biomarkers. However, the number and 
types of LncRNAs are too large, resulting in the incomplete determina
tion of many molecular functions of LncRNAs, which is difficult to 
accurately predict tumor progression.Tables 1 and 2 

Zhao, Tianhe et al.,pointed out that Linc-ROR expression was 
significantly higher in breast cancer tissues and plasma, and the 
expression level was closely related to lymph node metastasis in plasma, 
but the expression level of Linc-ROR in postoperative plasma was lower 
than that before surgery, which indicated that Linc-ROR may be a 
prognostic marker for breast cancer in clinical practice [72]. Interest
ingly, this author also found that Linc-ROR had higher sensitivity and 
specificity than traditional markers CEA and CA153 in the same breast 
cancer patient by ROC curve comparison. This gives us a hint that 
Linc-ROR combined with traditional biomarkers may yield better diag
nostic capabilities.Besides,in NSCLC patients, there are some clinical 
parameters that are positively correlated with high Linc-ROR expression 
levels, such as advanced TNM stage and distant metastasis.In addition, 
patients with higher Linc-ROR expression had markedly shorter 5-year 
overall survival (OS) and disease-free survival (DFS) [73]. Similarly, 
in gastric cancer patients, Linc-ROR was highly expressed in gastric 
cancer tumor tissues compared with paired normal tissues and was 
closely associated with poor prognosis, indicating that it’s possible for 
Linc-ROR to become a potential predictive biomarker in gastric cancer 
[74].Recent studies have found that the overall distribution of 
rs6420545 and rs4801078 genotypes of Linc-ROR has a close relation
ship with advanced tumor grade and lymph node metastasis, respec
tively, and Linc-ROR gene variants may make a great contribution in 
metastasis and progression mainly occurred in advanced events of OSCC 
tumorigenesis, and these variants can be used for precise therapeutic 
management of this cancer, especially in prognosis [75]. 

The above findings suggest that Linc-ROR may serve as a suitable 
marker for the diagnosis of multiple cancers. But there is still much room 
to explore the specific molecular mechanisms by which Linc-ROR plays 
a pivotal part in various cancers. Linc-ROR therefore requires further 
exploration and validation in this field, especially in clinical 
applications. 

Table 1 
This table summarizes the above several transcription factors in the mentioned 
tumors.  

Cancer type Key transcription factors Reference 

colorectal cancer(CRC) Sox2,Oct-4,Nanog [16] 
breast cancer Oct-4 [18] 
hepatoma Oct-4 [19] 
osteosarcoma Sox2 [25] 
pancreatic cancer Sox2,Nanog [26] 
lung cancer Oct-4,Nanog,Sox-2 [30]  
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Conclusion 

The development in cancer is a complex process of multiple regula
tory mechanisms, in which cancer cells are able to switch between 
stemness and non-stemness states and actively respond to the stimuli 
from genetic or epigenetic changes, various different factors of the 
microenvironment, and activation of cellular developmental programs. 
These alterations can endow cancer stem cells with self-renewal and 
proliferation ability, express key molecules that maintain stem cell 
properties, enhance their migration ability, increase drug resistance as 
well as high tumorigenic ability, which leads to poor prognosis of can
cer. Linc-ROR has been widely acknowledged as a transcript highly 
expressed in pluripotency and embryonic stem cells, and was able to 
lead to the higher expression of the core transcription factors (e.g., Oct4, 
Sox2, and Nanog). It was shown that Linc-ROR could be a critical factor 
in regulating cancer stem cell properties in further studies. So we believe 
that Linc-ROR could become an interesting potential therapeutic target 
for cancer stem cells. However, many articles have investigated the 
mechanism of Linc-ROR in tumor cells or CSCs at present, but no specific 
literature has been found to verify the function of Linc-ROR in non- 
malignant cells. The fact shows that there is still a lot of room to study 
the role of Linc-ROR.A deeper understanding of the mechanisms of stem 
cell regulation at the biological and clinical levels may be expected to 
bright the development of new treatments.. 

Conflict of interest 

The authors declare no conflicts of interest. 

Declaration of interests 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgments 

This work was partially supported by grants from the Shinan District 
Science and Technology Program in Qingdao, Shandong Province, 
China. (No: 2022–2–006-YY). We sincerely thank the grants and all 
those who contributed to this review. 

References 

[1] K. Eun, S.W. Ham, H. Kim, Cancer stem cell heterogeneity: origin and new 
perspectives on CSC targeting, BMB Rep. 50 (3) (2017) 117–125, https://doi.org/ 
10.5483/bmbrep.2017.50.3.222. Epub 2016/12/22PubMed PMID: 27998397; 
PubMed Central PMCID: PMCPMC5422023. 

[2] K. Kumon, S.M. Afify, G. Hassan, S. Ueno, S. Monzur, H.M. Nawara, et al., 
Differentiation of cancer stem cells into erythroblasts in the presence of CoCl2, Sci. 
Rep. 11 (1) (2021) 23977, https://doi.org/10.1038/s41598-021-03298-5. Epub 
2021/12/16PubMed PMID: 34907219; PubMed Central PMCID: 
PMCPMC8671479. 

[3] E.Y. Lau, N.P. Ho, T.K. Lee, Cancer stem cells and their microenvironment: biology 
and therapeutic implications, Stem. Cells Int (2017), 3714190, https://doi.org/ 
10.1155/2017/3714190, 2017Epub 2017/03/25PubMed PMID: 28337221; 
PubMed Central PMCID: PMCPMC5346399. 

[4] M. Esteller, Non-coding RNAs in human disease, Nat. Rev. Genet. 12 (12) (2011) 
861–874, https://doi.org/10.1038/nrg3074. Epub 2011/11/19PubMed PMID: 
22094949. 

[5] A.M. Khalil, M. Guttman, M. Huarte, M. Garber, A. Raj, D. Rivea Morales, et al., 
Many human large intergenic noncoding RNAs associate with chromatin-modifying 
complexes and affect gene expression, Proc. Natl. Acad. Sci. U.S.A. 106 (28) (2009) 
11667–11672, https://doi.org/10.1073/pnas.0904715106. Epub 2009/07/ 
03PubMed PMID: 19571010; PubMed Central PMCID: PMCPMC2704857. 

[6] K.C. Wang, H.Y. Chang, Molecular mechanisms of long noncoding RNAs, Mol. Cell 
43 (6) (2011) 904–914, https://doi.org/10.1016/j.molcel.2011.08.018. Epub 
2011/09/20PubMed PMID: 21925379; PubMed Central PMCID: 
PMCPMC3199020. 

[7] S. Chen, J. Zhu, F. Wang, Z. Guan, Y. Ge, X. Yang, et al., LncRNAs and their role in 
cancer stem cells, Oncotarget 8 (66) (2017) 110685–110692, https://doi.org/ 
10.18632/oncotarget.22161. Epub 2018/01/05PubMed PMID: 29299179; 
PubMed Central PMCID: PMCPMC5746414. 

[8] S. Wang, F. Liu, J. Deng, X. Cai, J. Han, Q. Liu, Long noncoding RNA ROR regulates 
proliferation, invasion, and stemness of gastric cancer stem cell, Cell Reprogram 18 
(5) (2016) 319–326, https://doi.org/10.1089/cell.2016.0001. Epub 2016/09/ 
08PubMed PMID27602437. 

[9] T. Lapidot, C. Sirard, J. Vormoor, B. Murdoch, T. Hoang, J. Caceres-Cortes, et al., 
A cell initiating human acute myeloid leukaemia after transplantation into SCID 
mice, Nature 367 (6464) (1994), 7509044, https://doi.org/10.1038/367645a0, 
645-8Epub 1994/02/17PubMed PMID. 

[10] J.E. Visvader, G.J. Lindeman, Cancer stem cells in solid tumours: accumulating 
evidence and unresolved questions, Nat. Rev. Cancer 8 (10) (2008) 755–768, 
https://doi.org/10.1038/nrc2499. Epub 2008/09/12PubMed PMID: 18784658. 

[11] A. Kreso, J.E. Dick, Evolution of the cancer stem cell model, Cell Stem. Cell 14 (3) 
(2014) 275–291, https://doi.org/10.1016/j.stem.2014.02.006. Epub 2014/03/ 
13PubMed PMID: 24607403. 

[12] S.A. Mani, W. Guo, M.J. Liao, E.N. Eaton, A. Ayyanan, A.Y. Zhou, et al., The 
epithelial-mesenchymal transition generates cells with properties of stem cells, Cell 
133 (4) (2008) 704–715, https://doi.org/10.1016/j.cell.2008.03.027. Epub 2008/ 
05/20PubMed PMID: 18485877; PubMed Central PMCIDPMCPMC2728032. 

[13] T. Shibue, R.A. Weinberg, EMT, CSCs, and drug resistance: the mechanistic link 
and clinical implications, Nat. Rev. Clin. Oncol. 14 (10) (2017) 611–629, https:// 
doi.org/10.1038/nrclinonc.2017.44. Epub 2017/04/12PubMed PMID: 28397828; 
PubMed Central PMCID: PMCPMC5720366. 

[14] J. Nichols, B. Zevnik, K. Anastassiadis, H. Niwa, D. Klewe-Nebenius, I. Chambers, 
et al., Formation of pluripotent stem cells in the mammalian embryo depends on 
the POU transcription factor Oct4, Cell 95 (3) (1998) 379–391, https://doi.org/ 
10.1016/s0092-8674(00)81769-9. Epub 1998/11/14PubMed PMID: 9814708. 

[15] X. Zhang, B. Han, J. Huang, B. Zheng, Q. Geng, F. Aziz, et al., Prognostic 
significance of OCT4 expression in adenocarcinoma of the lung, Jpn. J. Clin. Oncol. 
40 (10) (2010) 961–966, https://doi.org/10.1093/jjco/hyq066. Epub 2010/05/ 
14PubMed PMID: 20462980. 

[16] S.M.R. Wahab, F. Islam, V. Gopalan, A.K. Lam, The identifications and clinical 
implications of cancer stem cells in colorectal cancer, Clin. Colorectal Cancer 16 
(2) (2017) 93–102, https://doi.org/10.1016/j.clcc.2017.01.011. Epub 2017/02/ 
27PubMed PMID: 28237538. 

[17] C.S. Lu, A.L. Shiau, B.H. Su, T.S. Hsu, C.T. Wang, Y.C. Su, et al., Oct4 promotes M2 
macrophage polarization through upregulation of macrophage colony-stimulating 
factor in lung cancer, J. Hematol. Oncol. 13 (1) (2020) 62, https://doi.org/ 

Table 2 
The role of Linc-ROR in various cancer types.  

LncRNA Cancer type Mechanism Function Reference  

breast cancer hnRNP I - p53 
axis 
DUSP7-MAPK/ 
ERK signaling 

response to DNA 
damage 
promote estrogen- 
dependent growth 

[49] 
[68]  

colorectal 
cancer 

interact with 
hnRNP I and 
AUF1, 
upregulate c- 
Myc 

promote 
proliferation and 
tumor growth,as a 
potential marker of 
CSCs 

[50]   

pancreatic 
cancer 

upregulate ZEB1 
and activated 
EMT 
sponge let-7 
miRNA family, 
as well as miR- 
93–5p, miR- 
320a, miR-320b 
HIF1α-ZEB1 
axis, EMT 

promote 
proliferation and 
metastasis, as a 
potential marker of 
CSCs 
promote 
proliferation, 
invasiveness and 
stem cell properties 
maintain the 
growth and 
metastasis of PC 
cells 

[51] 
[58] 
[70] 

Linc- 
ROR 

endometrial 
cancer 

negatively 
regulate miR- 
145, upregulate 
Oct4, Sox2 and 
Nanog  

regulate stemness, 
enhance the 
differentiation and 
self-renewal of 
CSCs  

[56]  

sophageal 
squamous cell 
carcinoma 

sponge miR-15b, 
miR-33a, miR- 
129, miR-206,  

regulate stemness 
and maintain the 
growth of CSCs  

[59]  

ovarian 
cancer 

activate Wnt/ 
β-catenin and 
EMT signaling 

promote metastasis 
and as a potential 
marker of CSCs 

[61]  

thyroid cancer transported by 
exosomes and 
activate EMT 
signaling 

promote metastasis 
and proliferation of 
CSCs 

[71]  

X. Wen et al.                                                                                                                                                                                                                                     

https://doi.org/10.5483/bmbrep.2017.50.3.222
https://doi.org/10.5483/bmbrep.2017.50.3.222
https://doi.org/10.1038/s41598-021-03298-5
https://doi.org/10.1155/2017/3714190
https://doi.org/10.1155/2017/3714190
https://doi.org/10.1038/nrg3074
https://doi.org/10.1073/pnas.0904715106
https://doi.org/10.1016/j.molcel.2011.08.018
https://doi.org/10.18632/oncotarget.22161
https://doi.org/10.18632/oncotarget.22161
https://doi.org/10.1089/cell.2016.0001
https://doi.org/10.1038/367645a0
https://doi.org/10.1038/nrc2499
https://doi.org/10.1016/j.stem.2014.02.006
https://doi.org/10.1016/j.cell.2008.03.027
https://doi.org/10.1038/nrclinonc.2017.44
https://doi.org/10.1038/nrclinonc.2017.44
https://doi.org/10.1016/s0092-8674(00)81769-9
https://doi.org/10.1016/s0092-8674(00)81769-9
https://doi.org/10.1093/jjco/hyq066
https://doi.org/10.1016/j.clcc.2017.01.011
https://doi.org/10.1186/s13045-020-00887-1


Translational Oncology 28 (2023) 101602

6

10.1186/s13045-020-00887-1. Epub 2020/06/04PubMed PMID: 32487125; 
PubMed Central PMCID: PMCPMC7268452. 

[18] H. Lu, Y. Xie, L. Tran, J. Lan, Y. Yang, N.L. Murugan, et al., Chemotherapy-induced 
S100A10 recruits KDM6A to facilitate OCT4-mediated breast cancer stemness, 
J. Clin. Invest. 130 (9) (2020) 4607–4623, https://doi.org/10.1172/JCI138577. 
Epub 2020/05/20PubMed PMID: 32427586; PubMed Central PMCID: 
PMCPMC7456215. 

[19] C. Zhang, S. Huang, H. Zhuang, S. Ruan, Z. Zhou, K. Huang, et al., YTHDF2 
promotes the liver cancer stem cell phenotype and cancer metastasis by regulating 
OCT4 expression via m6A RNA methylation, Oncogene 39 (23) (2020) 4507–4518, 
https://doi.org/10.1038/s41388-020-1303-7. Epub 2020/05/06PubMed PMID: 
32366907. 

[20] I.V. Lundberg, S. Edin, V. Eklof, A. Oberg, R. Palmqvist, M.L. Wikberg, SOX2 
expression is associated with a cancer stem cell state and down-regulation of CDX2 
in colorectal cancer, BMC Cancer 16 (2016) 471, https://doi.org/10.1186/s12885- 
016-2509-5. Epub 2016/07/15PubMed PMID: 27411517; PubMed Central PMCID: 
PMCPMC4944515. 

[21] S.B. Keysar, P.N. Le, B. Miller, B.C. Jackson, J.R. Eagles, C. Nieto, et al., Regulation 
of head and neck squamous cancer stem cells by PI3K and SOX2, J. Natl. Cancer 
Inst. 109 (1) (2017), https://doi.org/10.1093/jnci/djw189. Epub 2016/09/ 
17PubMed PMID: 27634934; PubMed Central PMCID: PMCPMC5025278. 

[22] E.L. Wuebben, A. Rizzino, The dark side of SOX2: cancer - a comprehensive 
overview, Oncotarget 8 (27) (2017) 44917–44943, https://doi.org/10.18632/ 
oncotarget.16570. Epub 2017/04/08PubMed PMID: 28388544; PubMed Central 
PMCID: PMCPMC5546531. 

[23] M.A. Mamun, K. Mannoor, J. Cao, F. Qadri, X. Song, SOX2 in cancer stemness: 
tumor malignancy and therapeutic potentials, J. Mol. Cell Biol. 12 (2) (2020) 
85–98, https://doi.org/10.1093/jmcb/mjy080. Epub 2018/12/06PubMed PMID: 
30517668; PubMed Central PMCID: PMCPMC7109607. 

[24] Zhu Y., Huang S., Chen S., Chen J., Wang Z., Wang Y., et al. SOX2 promotes 
chemoresistance, cancer stem cells properties, and epithelial-mesenchymal 
transition by beta-catenin and Beclin1/autophagy signaling in colorectal cancer. 
Cell Death Dis. 2021;12(5):449. Epub 2021/05/07. doi: 10.1038/s41419-021 
-03733-5. PubMed PMID: 33953166; PubMed Central PMCID: PMCPMC8100126. 

[25] G. Maurizi, N. Verma, A. Gadi, A. Mansukhani, C. Basilico, Sox2 is required for 
tumor development and cancer cell proliferation in osteosarcoma, Oncogene 37 
(33) (2018) 4626–4632, https://doi.org/10.1038/s41388-018-0292-2. Epub 
2018/05/11PubMed PMID: 29743593; PubMed Central PMCID: 
PMCPMC6195857. 

[26] M. Herreros-Villanueva, J.S. Zhang, A. Koenig, E.V. Abel, T.C. Smyrk, W.R. Bamlet, 
et al., SOX2 promotes dedifferentiation and imparts stem cell-like features to 
pancreatic cancer cells, Oncogenesis 2 (2013), https://doi.org/10.1038/ 
oncsis.2013.23 e61Epub 2013/08/07PubMed PMID: 23917223; PubMed Central 
PMCID: PMCPMC3759123. 

[27] L.E. Iv Santaliz-Ruiz, X. Xie, M. Old, T.N. Teknos, Q Pan, Emerging role of nanog in 
tumorigenesis and cancer stem cells, Int. J. Cancer 135 (12) (2014) 2741–2748, 
https://doi.org/10.1002/ijc.28690. Epub 2014/01/01PubMed PMID: 24375318; 
PubMed Central PMCID: PMCPMC4065638. 

[28] X.Q. Wang, R.K. Ng, X. Ming, W. Zhang, L. Chen, A.C. Chu, et al., Epigenetic 
regulation of pluripotent genes mediates stem cell features in human 
hepatocellular carcinoma and cancer cell lines, PLoS ONE 8 (9) (2013) e72435, 
https://doi.org/10.1371/journal.pone.0072435. Epub 2013/09/12PubMed PMID: 
24023739; PubMed Central PMCID: PMCPMC3762826. 

[29] Y. Lu, H. Zhu, H. Shan, J. Lu, X. Chang, X. Li, et al., Knockdown of Oct4 and Nanog 
expression inhibits the stemness of pancreatic cancer cells, Cancer Lett. 340 (1) 
(2013) 113–123, https://doi.org/10.1016/j.canlet.2013.07.009. Epub 2013/07/ 
23PubMed PMID: 23872274. 

[30] S.H. Chiou, M.L. Wang, Y.T. Chou, C.J. Chen, C.F. Hong, W.J. Hsieh, et al., 
Coexpression of Oct4 and Nanog enhances malignancy in lung adenocarcinoma by 
inducing cancer stem cell-like properties and epithelial-mesenchymal 
transdifferentiation, Cancer Res. 70 (24) (2010) 10433–10444, https://doi.org/ 
10.1158/0008-5472.CAN-10-2638. Epub 2010/12/17PubMed PMID: 21159654. 

[31] S. Kim, H. Cho, S.O. Hong, S.J. Oh, H.J. Lee, E. Cho, et al., LC3B upregulation by 
NANOG promotes immune resistance and stem-like property through 
hyperactivation of EGFR signaling in immune-refractory tumor cells, Autophagy 17 
(8) (2021) 1978–1997, https://doi.org/10.1080/15548627.2020.1805214. Epub 
2020/08/09PubMed PMID: 32762616; PubMed Central PMCID: 
PMCPMC8386750. 

[32] E. Fuchs, T. Chen, A matter of life and death: self-renewal in stem cells, EMBO Rep. 
14 (1) (2013) 39–48, https://doi.org/10.1038/embor.2012.197. Epub 2012/12/ 
12PubMed PMID: 23229591; PubMed Central PMCID: PMCPMC3537149. 

[33] P. Valent, D. Bonnet, R. De Maria, T. Lapidot, M. Copland, J.V. Melo, et al., Cancer 
stem cell definitions and terminology: the devil is in the details, Nat. Rev. Cancer 
12 (11) (2012) 767–775, https://doi.org/10.1038/nrc3368. Epub 2012/10/ 
12PubMed PMID: 23051844. 

[34] Y.D. Yoo, Y.T. Kwon, Molecular mechanisms controlling asymmetric and 
symmetric self-renewal of cancer stem cells, J. Anal. Sci. Technol. 6 (1) (2015) 28, 
https://doi.org/10.1186/s40543-015-0071-4. Epub 2015/10/27PubMed PMID: 
26495157; PubMed Central PMCID: PMCPMC4607713. 

[35] D. Fang, T.K. Nguyen, K. Leishear, R. Finko, A.N. Kulp, S. Hotz, et al., 
A tumorigenic subpopulation with stem cell properties in melanomas, Cancer Res. 
65 (20) (2005) 9328–9337, https://doi.org/10.1158/0008-5472.CAN-05-1343. 
Epub 2005/10/19PubMed PMID: 16230395. 

[36] S. Ma, K.W. Chan, L. Hu, T.K. Lee, J.Y. Wo, I.O. Ng, et al., Identification and 
characterization of tumorigenic liver cancer stem/progenitor cells, 

Gastroenterology 132 (7) (2007) 2542–2556, https://doi.org/10.1053/j. 
gastro.2007.04.025. Epub 2007/06/16PubMed PMID: 17570225. 

[37] M. Singh, N. Yelle, C. Venugopal, S.K. Singh, EMT: mechanisms and therapeutic 
implications, Pharmacol. Ther. 182 (2018) 80–94, https://doi.org/10.1016/j. 
pharmthera.2017.08.009. Epub 2017/08/24PubMed PMID: 28834698. 

[38] W. Iqbal, S. Alkarim, A. AlHejin, H. Mukhtar, K.S. Saini, Targeting signal 
transduction pathways of cancer stem cells for therapeutic opportunities of 
metastasis, Oncotarget 7 (46) (2016) 76337–76353, https://doi.org/10.18632/ 
oncotarget.10942. Epub 2016/08/04PubMed PMID: 27486983; PubMed Central 
PMCID: PMCPMC5342819. 

[39] T. Ishiwata, Cancer stem cells and epithelial-mesenchymal transition: novel 
therapeutic targets for cancer, Pathol. Int. 66 (11) (2016) 601–608, https://doi. 
org/10.1111/pin.12447. Epub 2016/10/28PubMed PMID: 27510923. 

[40] S.K. Singh, C. Hawkins, I.D. Clarke, J.A. Squire, J. Bayani, T. Hide, et al., 
Identification of human brain tumour initiating cells, Nature 432 (7015) (2004) 
396–401, https://doi.org/10.1038/nature03128. Epub 2004/11/19PubMed PMID: 
15549107. 

[41] R. Januchowski, K. Wojtowicz, M. Zabel, The role of aldehyde dehydrogenase 
(ALDH) in cancer drug resistance, Biomed. Pharmacother. 67 (7) (2013) 669–680, 
https://doi.org/10.1016/j.biopha.2013.04.005. Epub 2013/06/01PubMed PMID: 
23721823. 

[42] K. Moitra, H. Lou, M. Dean, Multidrug efflux pumps and cancer stem cells: insights 
into multidrug resistance and therapeutic development, Clin. Pharmacol. Ther. 89 
(4) (2011) 491–502, https://doi.org/10.1038/clpt.2011.14. Epub 2011/03/ 
04PubMed PMID: 21368752. 

[43] N. Takebe, L. Miele, P.J. Harris, W. Jeong, H. Bando, M. Kahn, et al., Targeting 
Notch, Hedgehog, and Wnt pathways in cancer stem cells: clinical update, Nat. 
Rev. Clin. Oncol. 12 (8) (2015) 445–464, https://doi.org/10.1038/ 
nrclinonc.2015.61. Epub 2015/04/09PubMed PMID: 25850553; PubMed Central 
PMCID: PMCPMC4520755. 

[44] Y. Garcia-Mayea, C. Mir, F. Masson, R. Paciucci, L.L ME, Insights into new 
mechanisms and models of cancer stem cell multidrug resistance, Semin. Cancer 
Biol. 60 (2020) 166–180, https://doi.org/10.1016/j.semcancer.2019.07.022. Epub 
2019/08/02PubMed PMID31369817. 

[45] A.A. Kyriazi, E. Papiris, K. Kitsos Kalyvianakis, G. Sakellaris, S Baritaki, Dual effects 
of Non-coding RNAs (ncRNAs) in cancer stem cell biology, Int. J. Mol. Sci. 21 (18) 
(2020), https://doi.org/10.3390/ijms21186658. Epub 2020/09/17PubMed PMID: 
32932969; PubMed Central PMCID: PMCPMC7556003. 

[46] L. Liu, H. Zhu, Y. Liao, W. Wu, L. Liu, L. Liu, et al., Inhibition of Wnt/beta-catenin 
pathway reverses multi-drug resistance and EMT in Oct4(+)/Nanog(+) NSCLC 
cells, Biomed. Pharmacother. 127 (2020), 110225, https://doi.org/10.1016/j. 
biopha.2020.110225. Epub 2020/05/20PubMed PMID: 32428834. 

[47] J. Wang, Z.J. Lei, Y. Guo, T. Wang, Z.Y. Qin, H.L. Xiao, et al., miRNA-regulated 
delivery of lincRNA-p21 suppresses beta-catenin signaling and tumorigenicity of 
colorectal cancer stem cells, Oncotarget 6 (35) (2015) 37852–37870, https://doi. 
org/10.18632/oncotarget.5635. Epub 2015/10/27PubMed PMID: 26497997; 
PubMed Central PMCID: PMCPMC4741970. 

[48] Y.M. Chen, Y. Liu, H.Y. Wei, K.Z. Lv, P.F. Fu, Large intergenic non-coding RNA- 
ROR reverses gemcitabine-induced autophagy and apoptosis in breast cancer cells, 
Oncotarget 7 (37) (2016) 59604–59617, https://doi.org/10.18632/ 
oncotarget.10730. Epub 2016/07/28PubMed PMID: 27449099; PubMed Central 
PMCID: PMCPMC5312334. 

[49] A. Zhang, N. Zhou, J. Huang, Q. Liu, K. Fukuda, D. Ma, et al., The human long non- 
coding RNA-RoR is a p53 repressor in response to DNA damage, Cell Res. 23 (3) 
(2013) 340–350, https://doi.org/10.1038/cr.2012.164. Epub 2012/12/05PubMed 
PMID23208419PubMed Central PMCID: PMCPMC3587705. 

[50] J. Huang, A. Zhang, T.T. Ho, Z. Zhang, N. Zhou, X. Ding, et al., Linc-RoR promotes 
c-Myc expression through hnRNP I and AUF1, Nucl. Acids. Res. 44 (7) (2016) 
3059–3069, https://doi.org/10.1093/nar/gkv1353. Epub 2015/12/15PubMed 
PMID: 26656491; PubMed Central PMCID: PMCPMC4838338. 

[51] H.X. Zhan, Y. Wang, C. Li, J.W. Xu, B. Zhou, J.K. Zhu, et al., LincRNA-ROR 
promotes invasion, metastasis and tumor growth in pancreatic cancer through 
activating ZEB1 pathway, Cancer Lett. 374 (2) (2016) 261–271, https://doi.org/ 
10.1016/j.canlet.2016.02.018. Epub 2016/02/24PubMed PMID: 26898939. 

[52] M. Rezaei, M. Emadi-Baygi, M.J. Hoffmann, W.A. Schulz, P. Nikpour, Altered 
expression of LINC-ROR in cancer cell lines and tissues, Tumour. Biol. 37 (2) 
(2016) 1763–1769, https://doi.org/10.1007/s13277-015-3933-x. Epub 2015/09/ 
01PubMed PMID26314857. 

[53] S. Loewer, M.N. Cabili, M. Guttman, Y.H. Loh, K. Thomas, I.H. Park, et al., Large 
intergenic non-coding RNA-RoR modulates reprogramming of human induced 
pluripotent stem cells, Nat. Genet. 42 (12) (2010) 1113–1117, https://doi.org/ 
10.1038/ng.710. Epub 2010/11/09PubMed PMID: 21057500; PubMed Central 
PMCID: PMCPMC3040650. 

[54] K. Okita, T. Ichisaka, S. Yamanaka, Generation of germline-competent induced 
pluripotent stem cells, Nature 448 (7151) (2007) 313–317, https://doi.org/ 
10.1038/nature05934. Epub 2007/06/08PubMed PMID: 17554338. 

[55] G. Zou, T. Liu, L. Guo, Y. Huang, Y. Feng, Q. Huang, et al., miR-145 modulates 
lncRNA-ROR and Sox2 expression to maintain human amniotic epithelial stem cell 
pluripotency and beta islet-like cell differentiation efficiency, Gene 591 (1) (2016) 
48–57, https://doi.org/10.1016/j.gene.2016.06.047. Epub 2016/06/28PubMed 
PMID: 27346547. 

[56] X. Zhou, Q. Gao, J. Wang, X. Zhang, K. Liu, Z. Duan, Linc-RNA-RoR acts as a 
"sponge" against mediation of the differentiation of endometrial cancer stem cells 
by microRNA-145, Gynecol. Oncol. 133 (2) (2014) 333–339, https://doi.org/ 
10.1016/j.ygyno.2014.02.033. Epub 2014/03/05PubMed PMID: 24589415. 

X. Wen et al.                                                                                                                                                                                                                                     

https://doi.org/10.1186/s13045-020-00887-1
https://doi.org/10.1172/JCI138577
https://doi.org/10.1038/s41388-020-1303-7
https://doi.org/10.1186/s12885-016-2509-5
https://doi.org/10.1186/s12885-016-2509-5
https://doi.org/10.1093/jnci/djw189
https://doi.org/10.18632/oncotarget.16570
https://doi.org/10.18632/oncotarget.16570
https://doi.org/10.1093/jmcb/mjy080
https://doi.org/10.1038/s41419-021-03733-5
https://doi.org/10.1038/s41419-021-03733-5
https://doi.org/10.1038/s41388-018-0292-2
https://doi.org/10.1038/oncsis.2013.23
https://doi.org/10.1038/oncsis.2013.23
https://doi.org/10.1002/ijc.28690
https://doi.org/10.1371/journal.pone.0072435
https://doi.org/10.1016/j.canlet.2013.07.009
https://doi.org/10.1158/0008-5472.CAN-10-2638
https://doi.org/10.1158/0008-5472.CAN-10-2638
https://doi.org/10.1080/15548627.2020.1805214
https://doi.org/10.1038/embor.2012.197
https://doi.org/10.1038/nrc3368
https://doi.org/10.1186/s40543-015-0071-4
https://doi.org/10.1158/0008-5472.CAN-05-1343
https://doi.org/10.1053/j.gastro.2007.04.025
https://doi.org/10.1053/j.gastro.2007.04.025
https://doi.org/10.1016/j.pharmthera.2017.08.009
https://doi.org/10.1016/j.pharmthera.2017.08.009
https://doi.org/10.18632/oncotarget.10942
https://doi.org/10.18632/oncotarget.10942
https://doi.org/10.1111/pin.12447
https://doi.org/10.1111/pin.12447
https://doi.org/10.1038/nature03128
https://doi.org/10.1016/j.biopha.2013.04.005
https://doi.org/10.1038/clpt.2011.14
https://doi.org/10.1038/nrclinonc.2015.61
https://doi.org/10.1038/nrclinonc.2015.61
https://doi.org/10.1016/j.semcancer.2019.07.022
https://doi.org/10.3390/ijms21186658
https://doi.org/10.1016/j.biopha.2020.110225
https://doi.org/10.1016/j.biopha.2020.110225
https://doi.org/10.18632/oncotarget.5635
https://doi.org/10.18632/oncotarget.5635
https://doi.org/10.18632/oncotarget.10730
https://doi.org/10.18632/oncotarget.10730
https://doi.org/10.1038/cr.2012.164
https://doi.org/10.1093/nar/gkv1353
https://doi.org/10.1016/j.canlet.2016.02.018
https://doi.org/10.1016/j.canlet.2016.02.018
https://doi.org/10.1007/s13277-015-3933-x
https://doi.org/10.1038/ng.710
https://doi.org/10.1038/ng.710
https://doi.org/10.1038/nature05934
https://doi.org/10.1038/nature05934
https://doi.org/10.1016/j.gene.2016.06.047
https://doi.org/10.1016/j.ygyno.2014.02.033
https://doi.org/10.1016/j.ygyno.2014.02.033


Translational Oncology 28 (2023) 101602

7

[57] L. Feng, Z.M. Yang, Y.C. Li, H.X. Wang, J.H.T. Lo, X.T. Zhang, et al., Linc-ROR 
promotes mesenchymal stem cells chondrogenesis and cartilage formation via 
regulating SOX9 expression, Osteoarthritis Cartilage 29 (4) (2021) 568–578, 
https://doi.org/10.1016/j.joca.2020.12.020. Epub 2021/01/25PubMed 
PMID33485931. 

[58] Z. Fu, G. Li, Z. Li, Y. Wang, Y. Zhao, S. Zheng, et al., Endogenous miRNA Sponge 
LincRNA-ROR promotes proliferation, invasion and stem cell-like phenotype of 
pancreatic cancer cells, Cell Death Discov 3 (2017) 17004, https://doi.org/ 
10.1038/cddiscovery.2017.4. Epub 2017/06/06PubMed PMID: 28580169; 
PubMed Central PMCID: PMCPMC5447127. 

[59] L. Wang, X. Yu, Z. Zhang, L. Pang, J. Xu, J. Jiang, et al., Linc-ROR promotes 
esophageal squamous cell carcinoma progression through the derepression of 
SOX9, J. Exp. Clin. Cancer Res. 36 (1) (2017) 182, https://doi.org/10.1186/ 
s13046-017-0658-2. Epub 2017/12/15PubMed PMID: 29237490; PubMed Central 
PMCID: PMCPMC5727696. 

[60] E.C. Cheng, H. Lin, Repressing the repressor: a lincRNA as a MicroRNA sponge in 
embryonic stem cell self-renewal, Dev. Cell 25 (1) (2013) 1–2, https://doi.org/ 
10.1016/j.devcel.2013.03.020. Epub 2013/04/20PubMed PMID: 23597480; 
PubMed Central PMCID: PMCPMC3906851. 

[61] Y. Lou, H. Jiang, Z. Cui, L. Wang, X. Wang, T Tian, Linc-ROR induces epithelial-to- 
mesenchymal transition in ovarian cancer by increasing Wnt/beta-catenin 
signaling, Oncotarget 8 (41) (2017) 69983–69994, https://doi.org/10.18632/ 
oncotarget.19545. Epub 2017/10/21PubMed PMID: 29050257; PubMed Central 
PMCID: PMCPMC5642532. 

[62] W. Chen, H. Wang, Y. Liu, W. Xu, C. Ling, Y. Li, et al., Linc-RoR promotes 
proliferation, migration, and invasion via the Hippo/YAP pathway in pancreatic 
cancer cells, J. Cell. Biochem. 121 (1) (2020) 632–641, https://doi.org/10.1002/ 
jcb.29308. Epub 2019/08/28PubMed PMID: 31452251. 

[63] K. Tumaneng, R.C. Russell, K.L. Guan, Organ size control by Hippo and TOR 
pathways, Curr. Biol. 22 (9) (2012) R368–R379, https://doi.org/10.1016/j. 
cub.2012.03.003. Epub 2012/05/12PubMed PMID: 22575479; PubMed Central 
PMCID: PMCPMC3601681. 

[64] K. Tumaneng, K. Schlegelmilch, R.C. Russell, D. Yimlamai, H. Basnet, 
N. Mahadevan, et al., YAP mediates crosstalk between the Hippo and PI(3)K-TOR 
pathways by suppressing PTEN via miR-29, Nat. Cell Biol. 14 (12) (2012) 
1322–1329, https://doi.org/10.1038/ncb2615. Epub 2012/11/13PubMed PMID: 
23143395; PubMed Central PMCID: PMCPMC4019071. 

[65] S. Song, M. Xie, A.W. Scott, J. Jin, L. Ma, X. Dong, et al., A novel YAP1 inhibitor 
targets CSC-enriched radiation-resistant cells and exerts strong antitumor activity 
in esophageal adenocarcinoma, Mol. Cancer Ther. 17 (2) (2018) 443–454, https:// 
doi.org/10.1158/1535-7163.MCT-17-0560. Epub 2017/11/24PubMed PMID: 
29167315; PubMed Central PMCID: PMCPMC5805581. 

[66] H. Moon, S.W. Ro, MAPK/ERK signaling pathway in hepatocellular carcinoma, 
Cancers (Basel) 13 (12) (2021), https://doi.org/10.3390/cancers13123026. Epub 
2021/07/03PubMed PMID: 34204242; PubMed Central PMCID: 
PMCPMC8234271. 

[67] D.M. Owens, S.M. Keyse, Differential regulation of MAP kinase signalling by dual- 
specificity protein phosphatases, Oncogene 26 (22) (2007) 3203–3213, https:// 
doi.org/10.1038/sj.onc.1210412. Epub 2007/05/15PubMed PMID: 17496916. 

[68] W.X. Peng, J.G. Huang, L. Yang, A.H. Gong, Y.Y Mo, Linc-RoR promotes MAPK/ 
ERK signaling and confers estrogen-independent growth of breast cancer, Mol. 
Cancer 16 (1) (2017) 161, https://doi.org/10.1186/s12943-017-0727-3. Epub 
2017/10/19PubMed PMID: 29041978; PubMed Central PMCID: 
PMCPMC5645922. 

[69] C. Hewson, K.V. Morris, Form and function of exosome-associated long Non-coding 
RNAs in cancer, Curr. Top. Microbiol. Immunol. 394 (2016) 41–56, https://doi. 
org/10.1007/82_2015_486. Epub 2016/01/08PubMed PMID: 26739961. 

[70] Z. Sun, D. Sun, Y. Feng, B. Zhang, P. Sun, B. Zhou, et al., Exosomal linc-ROR 
mediates crosstalk between cancer cells and adipocytes to promote tumor growth 
in pancreatic cancer, Mol. Ther. Nucl. Acids 26 (2021) 253–268, https://doi.org/ 
10.1016/j.omtn.2021.06.001. Epub 2021/09/14PubMed PMID: 34513308; 
PubMed Central PMCID: PMCPMC8413664. 

[71] H. Hardin, H. Helein, K. Meyer, S. Robertson, R. Zhang, W. Zhong, et al., Thyroid 
cancer stem-like cell exosomes: regulation of EMT via transfer of lncRNAs, Lab. 
Invest. 98 (9) (2018) 1133–1142, https://doi.org/10.1038/s41374-018-0065-0. 
Epub 2018/07/04PubMed PMID: 29967342; PubMed Central PMCID: 
PMCPMC6138523. 

[72] T. Zhao, L. Wu, X. Li, H. Dai, Z. Zhang, Large intergenic non-coding RNA-ROR as a 
potential biomarker for the diagnosis and dynamic monitoring of breast cancer, 
Cancer Biomark 20 (2) (2017) 165–173, https://doi.org/10.3233/CBM-170064. 
Epub 2017/09/05PubMed PMID: 28869448. 

[73] C.H. Qu, Q.Y. Sun, F.M. Zhang, Y.M. Jia, Long non-coding RNA ROR is a novel 
prognosis factor associated with non-small-cell lung cancer progression, Eur. Rev. 
Med. Pharmacol. Sci. 21 (18) (2017) 4087–4091. Epub 2017/10/14. PubMed 
PMID: 29028092. 

[74] Y. Mi, Y. Li, Z. He, D. Chen, Q. Hong, J. You, Upregulation of Linc-ROR promotes 
the proliferation, migration, and invasion of gastric cancer cells through miR-212- 
3p/FGF7 Axis, Cancer Manag. Res. 13 (2021) 899–912, https://doi.org/10.2147/ 
CMAR.S287775. Epub 2021/02/11PubMed PMID: 33564265; PubMed Central 
PMCID: PMCPMC7867499. 

[75] M.M. Rose, S. Dhamodharan, G. Bharath, K. Murali, S. Subbiah, L.V. Bhaskar, et al., 
Linc-ROR genetic variants are associated with the advanced disease in oral 
squamous cell carcinoma, Arch. Oral. Biol. 139 (2022), 105428, https://doi.org/ 
10.1016/j.archoralbio.2022.105428. Epub 2022/04/24PubMed PMID: 35461069. 

X. Wen et al.                                                                                                                                                                                                                                     

https://doi.org/10.1016/j.joca.2020.12.020
https://doi.org/10.1038/cddiscovery.2017.4
https://doi.org/10.1038/cddiscovery.2017.4
https://doi.org/10.1186/s13046-017-0658-2
https://doi.org/10.1186/s13046-017-0658-2
https://doi.org/10.1016/j.devcel.2013.03.020
https://doi.org/10.1016/j.devcel.2013.03.020
https://doi.org/10.18632/oncotarget.19545
https://doi.org/10.18632/oncotarget.19545
https://doi.org/10.1002/jcb.29308
https://doi.org/10.1002/jcb.29308
https://doi.org/10.1016/j.cub.2012.03.003
https://doi.org/10.1016/j.cub.2012.03.003
https://doi.org/10.1038/ncb2615
https://doi.org/10.1158/1535-7163.MCT-17-0560
https://doi.org/10.1158/1535-7163.MCT-17-0560
https://doi.org/10.3390/cancers13123026
https://doi.org/10.1038/sj.onc.1210412
https://doi.org/10.1038/sj.onc.1210412
https://doi.org/10.1186/s12943-017-0727-3
https://doi.org/10.1007/82_2015_486
https://doi.org/10.1007/82_2015_486
https://doi.org/10.1016/j.omtn.2021.06.001
https://doi.org/10.1016/j.omtn.2021.06.001
https://doi.org/10.1038/s41374-018-0065-0
https://doi.org/10.3233/CBM-170064
http://refhub.elsevier.com/S1936-5233(22)00261-3/sbref0073
http://refhub.elsevier.com/S1936-5233(22)00261-3/sbref0073
http://refhub.elsevier.com/S1936-5233(22)00261-3/sbref0073
http://refhub.elsevier.com/S1936-5233(22)00261-3/sbref0073
https://doi.org/10.2147/CMAR.S287775
https://doi.org/10.2147/CMAR.S287775
https://doi.org/10.1016/j.archoralbio.2022.105428
https://doi.org/10.1016/j.archoralbio.2022.105428

	The roles of Linc-ROR in the regulation of cancer stem cells
	Introduction
	Origin and characteristics of CSCs
	The main characteristics of stemness
	Expression of main marker

	Self-renewal and proliferation
	Metastasis
	Tumorigenic ability
	Drug resistance

	Dysregulated signaling pathways in CSC and their effect on cancer cell stemness
	The concept of Linc-ROR and its regulatory mechanisms in CSCs
	Potential clinical applications of Linc-ROR in human cancer
	Conclusion
	Conflict of interest
	Declaration of interests
	Acknowledgments
	References


