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Abstract. With advancements in sequencing technologies, an
increasing number of aberrantly expressed long-non-coding
RNAs (IncRNAs) and circular RNAs (circRNAs) have been
identified in various types of cancer. IncRNAs and circRNAs
are now well-established tumor-influencing factors in cancer,
driving not only tumor proliferation and invasion, but also
cancer progression, drug resistance and metastatic recur-
rence. The majority of IncRNAs and circRNAs influence
cancer progression by targeting microRNAs (miRNAs/miRs).
miR-10a and miR-10b, key members of the miR-10 family, have
been shown to play important regulatory roles in cell prolifera-
tion, differentiation to cancer progression, and development.
Manual evaluation and grouping according to different types
of competing endogenous RNA and tumor was performed.
The review outlined the current state of knowledge on the
regulation of miR-10 family-related IncRNAs and circRNAs.
The involvement of IncRNAs and circRNAs in the biogenesis,
maturation and function of malignant tumors through the
miR-10 family, and the key gene targets and signaling cascades
that IncRNAs and circRNAs regulate through the miR-10
family were summarized. Based on the findings of this review,
it can be hypothesized that IncRNAs and circRNAs targeting
the miR-10 family may serve as diagnostic/prognostic markers
and/or therapeutic targets for the management of cancer.
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1. Introduction

Cancer is one of the leading causes of death worldwide, and the
steady year-on-year increase in cancer incidence and mortality
cannot be ignored. According to data released by the World
Health Organization in 2019, malignant tumors are the first or
second leading cause of death in 112 of 183 countries (1). In
2022, there were 4.82 million new cancer cases in China and
2.37 million new cancer cases in the United States, and 3.21
million and 640,000 cancer deaths (2). Despite continuous
progress in radiotherapy, chemotherapy and surgery (3), due
to the lack of effective diagnostic markers and detection
methods in the early stage, a number of patients receive a late
diagnosis, and thus have a poor prognosis and a low 5-year
survival rate (4). Therefore, it is important to formulate a
cancer treatment strategy, to understand the occurrence
and development of cancer, and to identify markers of early
diagnosis and treatment.

Cancer is related to endogenous factors, such as gene
mutations, epigenetic damage, chromosomal deletions and
abnormal amplification, as well as exogenous factors, such as
living habits and environmental pollution (5,6). It has previ-
ously been reported that oncogene activation leads to abnormal
tumor cell proliferation (7). In addition, recent studies reported
that non-coding RNAs (ncRNAs) are expressed in a variety
of malignant tumors. and affect the occurrence, development
and sensitivity of malignant tumors to molecular targeted
therapy (2,4). ncRNAs are an emerging class of genomically
encoded transcripts (5,8). In recent years, with the innova-
tion of sequencing technologies, several ncRNAs have been
detected in eukaryotic genomes, and are estimated to account
for >80% of the genome (8.,9). Approximately 50,000 ncRNAs
have been identified in the last 10 years; however, most
of them have not been reported on in depth (10). ncRNAs
include microRNAs (miRNAs/miRs), long non-coding RNAs
(IncRNAs), small interfering RNAs and circular RNAs
(circRNAs) (9). Currently, miRNAs, IncRNAs and circRNAs
are research hotspots in the field of biomedical science, as
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they mediate a variety of cellular processes, including chro-
matin remodeling, gene transcription, epigenetic regulation,
post-transcriptional modification, cell cycle regulation, cell
differentiation and signal transduction (8,11,12). In terms of
epigenetic changes, dysregulation of circRNAs, IncRNAs
and miRNAs has been shown to affect the development and
progression of cervical and thyroid cancer (13,14). In addition,
ncRNAs can act as oncogenic molecules and tumor suppres-
sors in cancer, including thyroid cancer (15,16), prostate
cancer (PCa) (17), melanoma (18) and osteosarcoma (19),
by interacting with coding proteins. Notably, IncRNAs and
circRNAs can regulate cancer development by acting as
miRNA sponges involved in the transcription of proteins. In
the present review, PubMed (https://pubmed.ncbi.nlm.nih.gov)
and Google Scholar (https://scholar.google.com) were used to
search the keywords ‘miR-10a’, ‘miR-10b’, ‘cancer’ or ‘tumor’
and ‘circRNA’ or ‘IncRNA’. The present review aimed to
describe the specific regulatory mechanisms of IncRNA and
circRNA in cancer through the miR-10 family.

2.ncRNAs

IncRNAs. IncRNAs are long non-coding transcription factors
that are >200 nucleotides in length (20). IncRNAs do not encode
proteins due to the lack of an open reading frame (ORF);
however, they can serve as important regulatory RNAs (21). The
vast majority of IncRNAs are transcribed by RNA polymerase
II, form 5' cap structures and undergo polyadenylation at the
3' region (21,22). They are classified into the following four
groups based on their relative position to the protein-coding
genes: i) intergenic IncRNA; ii) intronic IncRNAs; iii) overlap-
ping IncRNAs; and iv) antisense IncRNAs (23). Most of these
IncRNAs can interact with RNA or DNA molecules through
base pairing, forming functional networks that consist of DNA,
protein and RNA, and that are involved in the inheritance
and transcription of genes (20,21,23). Furthermore, there is
growing evidence that IncRNAs act as oncogenic factors in
malignant tumors, inhibiting or promoting cell proliferation,
apoptosis, metastatic differentiation and cell invasion in cancer
cells (14-18), as well as regulating the metabolic reprogramming
of cancer cells (22).

circRNAs. circRNAs are a specific class of RNA widely
found in mammalian cells that were initially hypothesized
to be a ‘junk’ byproduct of RNA transcription, and thus did
not receive much attention from researchers (24). circRNAs
are linear precursor mRNAs reverse spliced in the nucleus
to form closed RNA loops without 5'-3' polar or polyadenine
tails, and range in length from 100s to 1,000s of bases (25,26).
Due to their specific structure, circRNAs are protected from
degradation by nucleic acid exonucleases, and have a longer
half-life and stability than their parental mRNAs (27). Based
on this conserved property, circRNAs may serve as promising
biomarkers for the identification of malignancies (28). Unlike
IncRNAs, circRNAs have an ORF in their sequence, thus
circRNAs can be translated into proteins via internal ribo-
some entry site-driven or N6-adenylation-mediated initiation
sites (29). In addition, circRNAs can bind to mRNAs to act
as miRNA sponges or interact with RNA-binding proteins to
directly regulate transcription (30).

miRNAs. miRNAs are small, single-stranded, conserved
ncRNAs that are 18-25 nucleotides in length (31). miRNAs
are transcribed into early miRNAs (pri-miRNAs) in cells,
and pri-miRNAs are cleaved into precursor miRNAs
(pre-miRNAs) in the nucleus, transported out of the nucleus,
and then cleaved into small mature double-stranded RNAs in
the cytoplasm, eventually forming the RNA-induced silencing
complex (32-34). The majority of miRNAs direct mRNA
inhibition or activation through degradation or translational
repression. Thus, miRNAs can act as oncogenic factors or
tumor suppressors (Fig. 1) (33,35). miRNAs regulate the
expression of >1/3 of the encoded proteins in vivo, and are
closely associated with cell proliferation, apoptosis and
differentiation (33,35,36). In addition, miRNAs are involved
in soft tissue construction, embryonic and organ development,
and malignant transformation of disease in humans (36), with
miR-10a and miR-10b being the most widely studied. For
example, Yang et al (37) found that miR-10a and miR-10b
can act as oncogenic factors in gastric cancer, and are also
novel genetic markers for the diagnosis and treatment of
gastric cancer.

Association between IncRNAs/circRNAs and miRNAs. The
classical biological theory of miRNAs is that they bind to
target 3'-UTRs in their target mRNAs by complementary
base-pairing as negative regulators (38). miRNA response
elements (MREs) are present in the majority of IncRNAs and
circRNAs; MREs can compete with mRNAs to bind miRNAs
to promote tumor malignancy, lymph node metastasis, tumor
proliferation and tumor metastasis (Fig. 1) (39-41). This
theory was developed in 2011 by Salmena et al (42) and is
now supported by a large body of experimental data (43-48).
Furthermore, this mode of regulation underlies the theory
that networks of endogenous RNA molecules compete with
each other.

3. miR-10 family

The miR-10 gene family is involved in the regulation of a
number of malignant diseases (49). The miR-10 family has
two primary members: miR-10a and miR-10b. miR-10a is
located on human chromosome 17 and miR-10b is located
on human chromosome 2. The nucleotide sequences of the
two miRNAs are highly consistent, indicating that their
biological functions may be similar (50). Members of the
miR-10 family are involved in tumor proliferation (51), lymph
node metastasis (52), direct tumor invasion (53), tumor cell
apoptosis (25) and other malignant behaviors in cancer. In
addition, the miR-10 family can serve as early diagnostic and
prognostic markers for bladder cancer (BCa) (37), PCa (17),
acute myeloid leukemia (AML) (54) and intraductal papil-
lary mucinous neoplasm (55). The IncRNAs and circRNAs
that target the miR-10 family in cancer are shown in Fig. 2.
miR-10 family-related IncRNAs and circRNAs are involved in
numerous cancer processes including epithelial-mesenchymal
transition (EMT), the tumor immune response, drug resistance
and sensitivity to radiotherapy (Table I). It can be hypothesized
that the miR-10 family-associated IncRNAs and circRNAs
may be novel molecular targets for the diagnosis, prognosis
and treatment of oncological diseases.
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IncRNA and circRNA regulate human
development, tumor proliferation,
lymph node metastasis, and tumor
infiltration by targeting miRNAs to
competitively bind encoded proteins.

Figure 1. Mechanisms by which miRNAs regulate mRNAs. IncRNAs and circRNAs participate in cancer development and progression by competitively
binding with miRNAs to regulate mRNAs. miRNA, microRNA; IncRNA, long non-coding RNA; circRNA, circular RNA.

4.IncRNAs and cancer

Lung cancer. The global mortality rate from lung cancer has
remained high in recent years, with 2.2 million new cases
worldwide in 2020, of which, ~1.79 million are predicted to
die from the cancer (56). Early screening and surgery for lung
cancer greatly improve post-operative cure and survival rates
for patients (56,57). In addition, it has been shown that IncRNAs
can act as ceRNAs targeting the miR-10 family members
involved in lung cancer. For example, Zhu et al (58) detected
high expression of the IncRNA LINRIS in non-small cell lung
cancer (NSCLC) samples and cell lines, and patients with high
LINRIS expression had significantly lower 5-year survival
rates. Silencing IncRNA LINRIS significantly inhibited the
viability of NSCLC cells, whereas overexpression of miR-10a

reversed this phenomenon. Another study (59) found that
IncRNA KAT?7 expression was decreased in NSCLC tissues
and tumor cells. The low expression of IncRNA KAT7 was
associated with the survival of patients. Functionally, IncRNA
KAT7 promoted the methylation of miR-10a. Furthermore,
in vitro experiments showed that overexpression of miR-10a
increased the proliferation of NSCLC cells. Conversely, over-
expression of IncRNA KATY7 inhibited the effect of miR-10a
on NSCLC proliferation (59). These findings suggested that
IncRNA s targeting the miR-10 family may act as key genes in
the progression of NSCLC.

Esophageal cancer (ESCA). It is estimated that 17,650
individuals were diagnosed with ESCA in the United States
in 2019, and ~16,080 of them died from the disease (60).
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Figure 2. IncRNAs and circRNAs associated with the miR-10 family in cancer. nRNAs, IncRNAs and circRNAs can regulate gene expression by competitively
binding with miRNAs, forming a ceRNA regulatory network with miRNAs. The present review found that miR-10a and miR-10b competitively combined
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circular RNA.

Although early screening and prevention efforts have helped
to improve the survival of patients with ESCA, the 5-year
overall survival (OS) rate of patients with advanced ESCA
remains <20% (60,61). The high mortality and low survival
rates of ESCA are currently a major challenge for clinical
practitioners and exploring novel biomarkers for prognostic
analysis is an important topic in ESCA research (62).
Feng et al (63) detected a trend toward decreased expres-
sion of the IncRNA FAMS83H-AS1 in ESCC tissues and
cells. IncRNA FAMS83H-AS1 was negatively associated with
TNM stage, lymph node metastasis and pathological stage.
Mechanistically, IncRNA FAM83H-ASI acted as a sponge for
miR-10a-5p to activateCCDCS88A. Functionally, the knock-
down of IncRNA FAMS83H-ASI significantly inhibited the
ability of Kysel50 and TE1 ESCA cells to proliferate, migrate
and invade. By contrast, miR-10a-5p inhibitors partially
rescued the inhibitory effects of IncRNA FAMS83H-AS1
knockdown on cell proliferation, migration and invasion.
Downregulated IncRNA FAMS83H-AS1 promoted E-cadherin
expression in tumor growth factor-f3-induced Ecal09 ESCA

cells, and inhibited N-cadherin, vimentin, Snail and Twistl
expression at the transcriptional level, whereas overexpression
of IncRNA FAMS83H-ASI1 had the opposite effect (63). These
results suggested that IncRNA FAMS83H-AS1 can mediate
EMT, and serve as a novel diagnostic marker and therapeutic
target for ESCA.

Liver cancer. Liver cancer continues to be a significant burden
worldwide, with incidence rates increasing globally. It is esti-
mated that one million individuals will develop liver cancer
in 2025 (64). Hepatocellular carcinoma (HCC) accounts for
90% of all primary liver cancer cases (65). Patients with
HCC often do not show early signs of clinical presentation,
as such, patients are often diagnosed in the first instance with
advanced-stage liver cancer, and thus have a greater risk of
tumor recurrence and metastasis (64,66). IncRNA MEG3
expression has been revealed to be downregulated in HCC
tissues and cells, whereas miR-10a-5p levels were shown to
be upregulated. Overexpression of IncRNA MEG3 directly
inhibited Hep2 HCC cell proliferation, migration and invasion,
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and increased cell cycle progression and apoptosis of Hep2
cells through inhibition of miR-10a-5p, activating PTEN via
the AKT signaling pathway. In addition, it has been shown
that PTEN is a miR-10a-5p target gene (67). Low expression
of IncRNA miR-22HG was detected in HCC tissues and
cells. IncRNA miR-22HG regulates the proliferation, migra-
tion and invasion of HCC cells by competitively binding to
the protein NCOR2 and miR-10a-5p. In addition, IncRNA
miR-22HG was significantly associated with patient OS and
disease-free survival (68). Gao et al (69) detected abnormally
elevated expression levels of IncRNA LEF1-AS1 in HCC
clinical samples and HCC cancer cell lines. Mechanistically,
overexpressed IncRNA LEF1-ASI regulated activation of
the AKT signaling pathway by MSII through miR-10a-5p.
Functionally, knockdown of IncRNA LEF1-AS1 and MSI1 or
overexpression of miR-10a-5p inhibited the proliferation of
cisplatin (DDP)-resistant Huh7 HCC cells, promoted apoptosis
and enhanced chemosensitivity of Huh7 cells to DDP (69).
This may provide a novel direction for research on HCC drug
resistance. In addition, to screen for IncRNAs that can serve
as early markers of HCC, Li ef al (66) constructed a ceRNA
regulatory network using bioinformatics tools. Bioinformatics
analysis identified the LINC00346/miR-10a-5p/CDK1/CCNEI1
axis as having a possible association with HCC. Kaplan-Meier
analysis showed that CDK1 and CCNEl were associated
with relapse-free survival time in HCC. Thus, IncRNAs
targeting the miR-10 family may have significant potential as
diagnostic/prognostic markers and therapeutic targets for the
management of HCC.

Colorectal cancer (CRC). CRC is a global health problem,
accounting for 10% of all cancer diagnoses and deaths each
year (70). The number of CRC cases worldwide is expected
to increase to 2.5 million by 2035 (71). Early tumor screening
has reduced the morbidity and postoperative mortality rates
of patients with CRC, but ~25% of patients with CRC are
diagnosed with advanced-stage cancer in the first instance,
and 25-50% of patients develop early metastases (72). A
commitment to the development of diagnostic and prognostic
markers for CRC is essential. Ren et al (73) found that IncRNA
TUSC?7 expression was suppressed in CRC cells and clinical
cancer samples, and that low expression of IncRNA TUSC7
was associated with patient OS. In addition, IncRNA TUSC7
expression was lower in specimens classified as stage C/D than
in those classified as stage A/B according to the Duke's classi-
fication system for colon cancer. Functionally, overexpression
of IncRNA TUSCY7 inhibited cell proliferation and invasion
of SW480 and HT29 CRC cells, whereas overexpression of
miR-10a reversed the effects of overexpression of IncRNA
TUSC7 on CRC cells. In another study, significant down-
regulation of IncRNA GASS5 was detected in CRC samples
and cells. Mechanistically, overexpression of IncRNA GAS5
inhibited the migration and proliferation of CRC cells through
direct interaction with miR-10b. Animal model experiments
showed that overexpression of IncRNA GASS resulted in
significantly lower tumor-forming growth rates and tumor
weights in vivo, in contrast to miR-10b overexpression, which
restored tumor growth rates and increased tumor weight (74).
Wu et al (75) found that LINC00963 expression was upregu-
lated in CRC samples and CRC cells, and that it could inhibit

CRC cell viability, colony formation, migration and invasion
through a LINC00963/miR-10b/FGF13 axis. Knockdown
of LINCO00963 resulted in the downregulation of waveform
protein and N-cadherin expression levels, and increased
expression of E-cadherin. These findings suggested that
LINCO00963 may be involved in EMT in colon cancer (75).
Thus, miR-10 family-related IncRNAs may serve as key
factors in the progression of CRC.

Kidney cancer.Renal cell carcinoma (RCC) is the most common
and deadly urological malignancy, accounting for 2.2% of all
diagnosed cancers worldwide, of which 70-80% are clear cell
RCC (ccRCC) (76,77). A study of ccRCC found that IncRNA
ZFASI expression was upregulated in ccRCC samples and cell
lines, and was strongly associated with tumor size, lymph node
metastasis and patient OS. Knockdown of IncRNA ZFASI1
or mRNA SKAI1 has been shown to effectively attenuate
the ability of ACHN and Caki-1 ccRCC cells to proliferate,
migrate and invade, whereas transfection with miR-10a inhibi-
tors attenuated the effect of knockdown of IncRNA ZFASI
or SKA1 on ccRCC cells (78). Furthermore, bioinformatics
analysis showed that IncRNA SNHG3 was associated with a
poorer prognosis in patients with ccRCC. IncRNA SNHG3
promoted the proliferation, invasion and migration of ccRCC
cells by activating BIRCS expression through binding to
miR-10b-5p (79). In addition, it has been shown that IncRNAs
are involved in the immune process of the tumor microenvi-
ronment (TME) (80). For example, Liu et al (81) showed that
a IncRNA XIST/miR-10a-5p/SERPINEI axis mediated the
TME of ccRCC. Immune cell infiltration analysis revealed
that the IncRNA XIST can regulate the levels of CD4* T
cells, CD8" T cells, macrophages, dendritic cells, neutrophils
and other immune-related cells through the regulation of
miR-10a-5p targeting SERPINEI expression (81). Another
study showed that IncRNA NEATI similarly promoted the
proliferation and migration of 786-O and ACHN kidney renal
clear cell carcinoma (KIRC) cells by acting as a sponge of
miR-10a-5p, thus indirectly activating SERPINEI. The area
under the curve (AUC) of the receiver operating characteristic
curve analysis indicated that SERPINE1 (AUC=0.789) and
miR-10a-5p (AUC=0.892) had good prognostic performance.
Furthermore, SERPINEI expression was positively associated
with the levels of immune infiltration of CD4* T cells, CD8*
T cells, macrophages, dendritic cells and neutrophils (82).
In another study, a ceRNA regulatory network consisting
of the IncRNA MMP25-AS1/hsa-miR-10a-5p/SERPINEI1
axis was identified. IncRNA MMP25-ASI1 expression was
significantly associated with sex, pathological stage, T-stage
and M-stage. Immune infiltration analysis showed that the
IncRNA MMP25-AS1/hsa-miR-10a-5p/SERPINEI axis could
affect the chemokines CCL4, CCL5, CXCL13 and XCL2.
High SERPINEI expression was also shown to be associated
with tumor immune evasion in KIRC (83). Thus, the miR-10
family may be a core miRNA in the immune-related processes
of kidney cancer, and the associated IncRNAs may serve as
biomarkers/prognostic factors in kidney cancer, and could also
participate in the regulation of the TME.

Breast cancer (BC). BC is one of the most common malignan-
cies among women worldwide (84). More than 268,000 cases
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are expected to be diagnosed each year in the United States,
accounting for approximately one-third of all new cancer
cases in women and 15% of all cancer-related deaths (85).
Despite the progress made in the study of BC, it remains a
major global health problem (86). Under normal conditions,
EMT plays a key role in embryonic development, wound
repair and tissue remodeling; however, aberrant EMT leads to
lymph node metastasis and infiltration of cancerous tissue in
BC (87,88). Low expression of LINC00324 in BC cells has
been reported to be associated with a poorer patient prognosis
and reduced OS. Functionally, LINC00324 inhibited cell
viability, suppressed cell migration and promoted apoptosis
in MCF-7 BC cells by directly interacting with miR-10b-5p
through inhibition of the EMT marker E-cadherin. In addition,
animal models have shown that LINC00324 overexpression
limits the size of xenograft tumors (89). IncRNA PDCD4-AS1
expression was shown to be lower in clinical triple-negative
BC (TNBC) samples and cells. Overexpression of the IncRNA
PDCD4-ASI attenuated the proliferation, migration and inva-
sion of TNBC cells, and increased apoptosis. Coincidentally,
IQGAP2 overexpression had the same effect as overexpression
of IncRNA PDCD4-ASI1, whereas miR-10b-5p downregulation
reversed this result (90). These results suggested that miR-10
family-related IncRNAs may regulate cancer metastasis in BC
by participating in the EMT process, and could also serve as
novel therapeutic targets or diagnostic markers for BC.

Ovarian cancer (OC). OC accounts for 4% of new cancer
cases and 5% of cancer deaths in women in the United
States (91). DDP is the chemotherapy of choice for OC, and
the primary reason for the ineffectiveness of chemotherapy is
the development of resistance of tumor cells to DDP (91,92).
IncRNA CHRF was found to be upregulated in DDP-resistant
ES2 cells and in OC samples. In addition, IncRNA CHRF
expression was significantly higher in patients with OC and
liver metastases compared with samples from OC patients
without liver metastases. Mechanistically, IncRNA CHRF
regulated miR-10b and significantly increased the resistance
of DDP-resistant cells to DDP via the EMT and STAT3
signaling pathways. Functionally, xenograft experiments
showed that inoculation of DDP-resistant cells with lower
levels of IncRNA CHRF expression resulted in a significant
reduction in transplanted tumor growth in mice in vivo,
an effect that could be attenuated by ectopic expression of
miR-10b in xenograft tumors (92). These findings suggested
that IncRNA CHRF and miR-10b may be molecular targets
for reducing DDP resistance in OC.

PCa.PCais the second most common type of cancer affecting
men worldwide and the sixth leading cause of cancer-associ-
ated death in men (93). PCa is a heterogeneous disease that
progresses slowly in the early stages of development, but is
highly aggressive in the later stages (94). Therefore, it is
particularly important to explore its pathogenesis. Studies have
found that IncRNA CHREF participates in the proliferation of
PCa cells by promoting activation of the GSK3p/AKT and
NF-«B signaling cascades through miR-10b. In addition, over-
expression of IncRNA CHRF can enhance TGF-f1-induced
changes in the expression of EMT-related proteins in PC3 cells,
whereas miR-10b overexpression reversed these changes (95).

These findings suggested that CHRF targeting of miR-10b
may affect tumor progression by regulating EMT in PCa.

BCa. Approximately 440,000 new cases of BCa are diagnosed
each year, resulting in>130,000 deaths worldwide. The primary
reasons for the low survival rates in patients with early and
advanced BCa following surgery are the lack of early specific
diagnostic markers and the limited availability of treatments
for late-stage BCa (96). It has been shown that IncRNAs can
be used to distinguish between patients with early-stage BCa
malignancy and healthy patients. For example, Li e al (97)
found that IncRNA TUC338 was abnormally elevated in the
plasma of patients with early-stage BCa. Plasma IncRNA
TUC338 levels were significantly downregulated after surgical
resection, with an AUC value of 0.9239, indicating that IncRNA
TUC338 was specific and sensitive for the diagnosis of BCa.
Functional overexpression of IncRNA TUC338 and miR-10b
have both been shown to significantly promote cell invasion
and cell migration in HT-1197 and HT-1376 BCa cells. Thus,
TUC338 targeting of miR-10b may be a novel molecular
diagnostic marker for the detection of early-stage BCa.

Neuroblastoma (NB). NB is an embryonic malignant extra-
cranial solid tumor that is relatively common in children
and often has a poor prognosis (98). IncRNAs targeting
miR-10a are involved in the progression of NB. For example,
Zhou et al (99) detected abnormally reduced levels of
IncRNA CASCT7 epitopes by fluorescent quantitative (q)PCR
in NB tissues and cells. IncRNA CASC7 resulted in reduced
proliferation of NB cells, whereas overexpression of miR-10a
activated PTEN to promote NB cell proliferation.

Glioblastoma multiforme (GBM). GBM is the most common
primary malignant glioma, accounting for 48% of all
malignant central nervous malignancies worldwide (100).
Molecularly targeted therapy, radiotherapy, primary resec-
tion and postoperative supportive care can be used to treat
GBM to some extent, but the postoperative and prognostic
outcomes for patients remain limited (100,101). Therefore,
there is an urgent need to investigate the pathogenesis of
GBM and to explore potential therapeutic targets. In GBM,
Hao et al (102) showed that IncRNA PTENPI1 was reduced in
tumor samples and miR-10a-5p expression was significantly
increased. The expression of IncRNA PTENP1 was increased
in U87 cells treated with human umbilical cord-mesenchymal
stem cell (hUC-MSC)-derived exosomes. In addition,
hUC-MSC-derived exosomes and U87 co-culture inhibited
the proliferation of U87 cells and promoted cell apoptosis.
Overexpression of IncRNA PTENPI or inhibition of miR-10a-p
reduced cell proliferation and promoted cell death in U87 cells
not treated with hUC-MSCs. Luciferase experiments showed
that when U87 cells were co-transfected with miR-10a-5p
mimics and IncRNA PTENP1-WT or PTEN-WT plasmids,
the luciferase activity was decreased. Thus, a IncRNA
PTENP1/miR-10a-5p/PTEN axis may have potential clinical
application in the management of glioma. Ding et al (103)
found that overexpression or knockdown of IncRNA GASS5
in glioma cells altered the proliferation, migration, invasion
and apoptosis of glioma cells. It was suggested that IncRNA
GASS acts synergistically with miR-10b to downregulate
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Sirtl expression, inhibit PI3K/AKT and MEK/ERK signaling
pathways, and to suppress the proliferation, migration and
invasion, and promote the apoptosis of U251 and A172 GBM
cells. In addition, it has been shown that miR-10a-related
IncRNAs can increase chemosensitivity in GBM. For example,
low expression levels of IncRNA TUSC7 were detected
in GBM cells and temozolomide (TMZ)-resistant tissues.
Furthermore, expression of IncRNA TUSC7 was lower in
samples from TMZ-insensitive patients compared with that in
TMZ-sensitive patients. Notably, overexpression of IncRNA
TUSC?7 suppressed TMZ resistance and expression of multi-
drug resistance protein 1 (MDR1) in U§7TR GBM cells (104).
Conversely, overexpression of miR-10a increased the expres-
sion of MDRI, increased the half-inhibitory concentration
of TMZ and inhibited TMZ-induced cytotoxicity in U87TR
cells (104). These data suggested that IncRNA TUSC7 may
inhibit the chemosensitivity of U87TR cells to TMZ by
targeting MDR1 through interaction with miR-10a (104).

AML. AML is a malignant cancer of the blood and bone
marrow. Its incidence increases with age, and the 5-year OS
rate in younger patients with de novo AML is 40-50% world-
wide (105,106). Yuan and Wang (106) found reduced levels
of IncRNA SNHG4 expression in The Cancer Genome Atlas
AML dataset and AML tissues. Overexpression of IncRNA
SNHGH4 partially abolished the enhancing effect of upregulated
miR-10a on AML cell proliferation, the same way overexpres-
sion of PTEN similarly attenuated the effect of miR-10a on the
proliferation rate of AML cells (106). Taken together, IncRNA
SNHG4 may serve as an oncogenic factor in AML.

5. circRNAs and tumors

Previous studies have demonstrated the role and regulatory
mechanisms of miR-10 family-related IncRNAs in numerous
types of cancer. These studies suggested that miR-10-related
IncRNAs may be used as early and specific diagnostic and
prognostic markers for cancer. In addition, they can be used as
novel therapeutic targets for the management of cancer and for
modulation of sensitivity to chemotherapy. Notably, in addi-
tion to miR-10-related IncRNAs, miR-10-related circRNAs
are also important in cancer development and progression.

ESCA. Gefitinib (GR) is the most common and effective
chemotherapeutic agent for the management of ESCA (107).
It is estimated that 60-80% of patients with advanced ESCA
have elevated EGFR expression levels in the cancerous
tissue (107-109), and GR can inhibit EGFR expression and
thus improve the prognosis of patients with ESCA. However,
GR resistance in patients with advanced ESCA has become
a major limiting factor affecting long-term patient prognosis,
and the mechanisms of resistance are currently unclear.
Therefore, exploring the molecular mechanisms of resistance
to GR in ESCA is of significant importance for the clinical
management of patients with ESCA (107,109). One study found
that circPSMC3 was downregulated in ESCC tissues and gefi-
tinib-resistant (GR) cells, while miR-10a-5p was upregulated.
Overexpression of circPSMC3 or knockdown of miR-10a-p
decreased the survival rate of GR ESCC cells (TE1/GR and
KYSE450/GR) and induced apoptosis, while downregulation

of PTEN reversed this effect (70). Luciferase assays were
used to confirm that circPSMC3-WT activity could be inhib-
ited by miR-10a-5p mimics, whereas circPSMC3-MUT was
unaffected. Thus, circPSMC3 could overcome the chemosen-
sitivity resistance to GR by sponging miR-10a-5p to promote
downstream PTEN activation (70). miR-10-related circRNAs
can regulate ESCA development and modulate radiotherapy
sensitivity, in addition to increasing ESCA chemosensitivity to
GR. For example, Zhang et al (110) detected reduced circATIC
expression in ESCA tissues. circATIC expression was reduced
in high TNM stage cancer and in patients with positive
lymph node metastasis compared with that in low TNM stage
cancer and in patients without lymph node metastasis group.
Functionally, overexpression of circATIC or RHCG inhibited
proliferation, migration and invasion of EC109 and KYSE150
ESCA cells, and promoted apoptosis of EC109 and KYSE150
cells under radiation exposure, whereas this was reversed by
upregulation of miR-10b-3p. Furthermore, in vivo animal
studies showed that circATIC overexpression promoted the
inhibitory effect of radiation on tumor volume and weight.
Taken together, targeting the miR-10 family of circRNAs may
improve radiotherapy sensitivity in ESCA.

CRC. The value of IncRNA research in CRC has been demon-
strated in previous studies. In addition, circRNAs in the serum
can be used as a diagnostic marker for CRC. For example,
circ_002197 expression has been reported to be reduced
in clinical samples and cell lines from patients with colon
cancer. Most notably, its expression was significantly lower
in the preoperative blood of patients with CRC and lymph
node metastases compared with that in patients without lymph
node metastases. The AUC of circ_0021977 between plasma
from patients with CRC and normal plasma was 0.873, the
sensitivity was 85.71%, and the specificity was 77.78%. These
findings suggested that the circ_0021977 diagnostic model had
high specificity. In addition, low expression of circ_0021977
was significantly associated with a poor prognosis. In vitro
and in vivo experiments showed that circ_0021977 competi-
tively bound to miR-10b-5p to regulate p21 and p53 to inhibit
proliferation, migration and invasion of CRC cells (111).
This highlights its value for early diagnosis and treatment of
patients with CRC. Similarly, Liu (112) found that circFAT1
expression was low in CRC tissues and cells, and its expression
was negatively associated with miR-10a. Functional studies
have shown that circFAT1 overexpression or miR-10a knock-
down can inhibit the proliferation, invasion and migration of
CRC cells. Thus, circRNAs targeting the miR-10 family may
serve as novel diagnostic markers and therapeutic targets for
the management of CRC.

OC.Luo et al (113) detected low expression levels of circ-ITCH
in human OC epithelial cell lines. It was revealed that trans-
fection of SKOV3 cells with circ-ITCH mimics inhibited
proliferation and enhanced apoptosis, whereas knockdown of
circ-ITCH promoted cell proliferation and inhibited apoptosis.
Reverse transcription-qPCR detected a decrease in miR-10a
expression levels following overexpression of circ-ITCH.
In addition, rescue assays showed that overexpression of
circ-ITCH could rescue SKOV3 cell proliferation and apop-
tosis caused by the overexpression of miR-10a (113). Another
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study identified the presence of a circHIPK3/miR-10a-5p
axis using bioinformatics tools. In vitro experiments revealed
that the knockdown of circHIPK3 promoted proliferation,
migration and invasion of epithelial ovarian cancer cells and
inhibited apoptosis of A2780 and SKOV3 OC cells (114).
These results suggested that circRNAs targeting miR-10a may
have a tumor-suppressive role in OC.

Endometrial cancer (EC). EC is the second most common
female malignancy after BC worldwide, and is the most
common type of cancer in developing countries (115). In the
United States and Europe, EC is the sixth and eighth leading
cause of cancer-associated death in women, respectively (116).
There is increasing evidence that circRNAs may be oncogenic
factors in EC. Yang et al (117) showed that circ-ATADI expres-
sion was downregulated in EC, whereas miR-10a expression
was upregulated in EC. Mechanistically, circ-ATADI1 attenu-
ated miR-10a methylation, which resulted in the inhibition of
EC cell invasion and migration.

6. Conclusion and future prospects

In the context of cancer, IncRNAs and circRNAs primarily
function by sponging miRNAs. We found that IncRNAs and
circRNAs regulate the malignant progression of diseases,
including lung cancer, ESCA, liver cancer, CRC, kidney cancer,
PCa, BCa, BC, OC, GBM, NB, AML and EC by activating or
inhibiting miR-10a or miR-10b. The present review described
the relevant mechanisms by which IncRNAs and circRNAs
target the miR-10 family to regulate cancer. It was revealed
that the expression levels of IncRNAs/circRNAs targeting
the miR-10 family members are related to tumor size, local
invasion, tumor metastasis and TME. They are also related to
clinical factors, such as TNM stage, lymph node metastasis
and pathological type. For example, the IncRNAs CHRF,
FAMS3H-AS1, LINC00963 and LINC00324 also participate
in EMT in cancer by acting as a sponge of the miR-10 family
members and affecting the metastatic ability of cancer cells.
Additionally, IncRNAs and circRNAs regulate cancer progres-
sion through the modulation of various signaling pathways. For
example, the IncRNAs MEG3, CHRF and GASS are involved
in the regulation of PIK/AKT, MEK/ERK, GSK3p/AKT and
NF-«kB signaling pathways by targeting the miR-10 family. In
addition, by evaluating the expression levels of miR-10a and
miR-10b-related IncRNAs/circRNAs, it has been shown that
IncRNAs and circRNAs can be used as diagnostic markers for
several types of cancer. For example, circ_002197 and IncRNA
TUC338 targeting miR-10 family members could be used to
distinguish patients with malignant cancer from healthy indi-
viduals based on their expression in plasma, and could also be
used to predict the prognosis of patients with cancer.

The present review highlights the role of miR-10-related
IncRNAs/circRNAs in the early diagnosis and prognosis of
cancer. For the treatment of malignant tumors, a combination
of chemotherapy and radiotherapy is the standard mode of
treatment for advanced malignancies (110,111); however, its
effectiveness is limited due to intrinsic and acquired resis-
tance (118). In addition, sensitivity to radiotherapy is key to the
efficacy of treatment of malignant tumors, and as some tumors
are not sensitive to radiotherapy, a proportion of patients

will exhibit a poor prognosis, recurrence, tumor metastasis
and/or resistance (119). circPSMC3, circATIC, IncRNAs
TUSC7 and LEF1-ASI can act as ceRNAs to regulate the
miR-10 family members to reduce resistance to chemotherapy
or improve sensitivity to radiotherapy in malignant tumors.
Immunotherapy may be a treatment of last resort for advanced
malignancies that are resistant to radiotherapy. In contrast to
radiotherapy, immunotherapy kills tumor cells by facilitating
the innate immune response through modulation of the
TME (120,121). Coincidentally, the present study found that
the IncRNAs XIST, NEAT1 and MMP25-AS]1 are involved
in regulating tumor immunity and escape in renal cancer by
targeting the miR-10a-5p/SERPINEI axis.

Although the roles of miR-10 family-related IncRNAs in
cancer have been extensively studied, to the best of our knowl-
edge, the mechanisms of miR-10 family-related IncRNAs in
cancer, such as thyroid cancer, oral cancer, pancreatic cancer,
bone tumors and vaginal cancer, have not been reported. In
addition, only a few miR-10-related circRNAs have been
reported so far in malignant tumors, due to a lack of studies
targeting miR-10 family circRNAs. In addition, although
researchers have found, through bioinformatics, that the
IncRNA-targeted miR-10 family may be involved in renal
tumor immunity, the specific regulatory mechanisms are not
yet fully understood (70-72), and prediction by bioinformatics
analysis alone is not rigorous; therefore, the regulatory mecha-
nisms should be elaborated through cellular experiments or
animal models. In conclusion, future research should continue
to expand the IncRNAs and circRNAs targeting the miR-10
family and explore the mechanisms of their action in malignan-
cies. Of note, targeted drugs and biomarkers based on miR-10
family-related IncRNAs and circRNAs may be the next direc-
tion in the translation of this field of research from the bench to
bedside. In summary, targeting the miR-10 family of IncRNAs
and circRNAs may be a new strategy for treating cancer.
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