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Function of microRNA-124 in the pathogenesis of cancer (Review)
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Abstract. Non-coding RNAs with a length of 22-24 nt are
known as microRNAs (miRNAs or miRs), which are critical
regulators of protein translation. Over the past 10 years,
the roles of miRNAs have been extensively investigated in
several human cancer types. There is evidence to indicate
that miRNAs regulate gene expression by concentrating
on a number of substances that have an impact on the
physiology and development of cancer cells. Thus, miRNAs
as regarded as effective targets for further studies on the
design of novel therapeutic strategies. Hepatocellular carci-
noma, breast, prostate, and ovarian cancer are only a few
of the cancers that miR-124 suppresses. Furthermore, it has
been shown that miR-124 is linked to the development and
aggressive spread of malignancies. The aim of the present
review was to clarify and highlight the role of miR-124 in
the development and progression of cancer, emphasizing
recent research illustrating how miR-124 has been used as
a therapeutic agent against cancer, as well as the diagnostic
potential, regulatory mechanisms and clinical application
of miR-124.
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1. Introduction

According to Torre et al (1), cancer can be characterized as a
pathological condition in which cellular alterations result in
uncontrolled, aberrant cell proliferation, culminating in the
formation of tumors. The occurrence of tumors is particularly
prevalent in less economically developed countries, which
account for ~82% of the global population (1). Globally, an
estimated 18.1 million new cancer cases and 9.6 million
cancer-related deaths occurred annually over the past years (2-4).
Of note, Basuroy er al (5) found that humans are susceptible to
a variety of types of cancer, many of which initially manifest
no symptoms or warning indications. The causes of the forma-
tion of benign tumors are not yet clear (5-7). In addition, some
clinical studies have indicated that abnormal cell polarity and
adhesion play a crucial role in tumor progression and metastasis,
since they lead to mobility and invasiveness (8), implying that
the increased mobility of cancer cells contributes to the high
mortality rates among cancer patients. Surgery, chemotherapy,
radiation, immunotherapy, monoclonal antibodies, magnetic
nanoparticles, personalized medicine and the inhibition of
several proteins and transcription factors are currently used as
therapeutic methods to treat cancer (9,10). The survival rates
of patients with stage ITII-IV cancer are low, while the survival
rates of patients with the majority of early-stage cancers are
generally favorable (11,12). As a result, cancer continues to be
one of the most disabling diseases in the world; thus, further
advancements in the management and treatment of cancer are
urgently required.
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Short, single-stranded RNAs known as microRNAs
(miRNAs/miRs) are found in nature. They interact with their
target messenger RNA (mRNAs) to control gene expression at
the post-transcriptional level (13), and were first described in
C. elegans by Lee et al (14) in 1993. It has been demonstrated
that miRNAs are essential for a number of crucial biological
functions, such as cell proliferation, differentiation, apoptosis,
metabolism and immunological responses (15-19). Depending
on their functions in various types of tumors, miRNAs
are categorized as either oncogenes or tumor suppressor
genes (20-22). miR-124 may function as a tumor suppressor in
a range of cancer types, according to mounting evidence (23).
In addition, miR-124 has been linked to a number of crucial
cancer-related processes, such as proliferation, tumor spread,
epithelial-mesenchymal transition (EMT), metastasis and the
resistance of cells (24,25). For instance, breast cancer (BC)
tissues have been shown to exhibit a reduced expression of
miR-124 compared with normal tissues. The proliferation and
migration of cells may be inhibited by miR-124 overexpres-
sion in MDA-MB-231 and MCF-7 cells, and the upregulation
miR-124 has been shown to be associated with an increased
overall survival (OS) of patients with BC (26).

The present review focused on previous findings associ-
ated with the expression patterns of miR-124 in various cancer
types, and aimed to discuss the major molecular mechanism
and potential clinical application involved in the upregula-
tion or downregulation of miR-124 expression, in an effort to
clarify which factors are essential to the etiology of this type of
cancer. A flowchart of the literature screening, categorization
and summarization of the literature is presented in Fig. S1.

2. miR-124 and its abundant biological functions

miR-124 was originally identified in mice in 2002 (27).
Subsequent investigations revealed that miR124 was highly
conserved, and was expressed in both complex and simple
organisms, such as humans and worms, respectively (28). The
three miR-124 genes, miR-124-1 (8p23.1), miR-124-2 (8q12.3)
and miR-124-3 (20q13.33), were discovered and localized in
a previous study (29). The three different miR-124 family
members are produced by methylation modification and are
associated with cancer, such as BC (30) and gastric cancer
(GC) (31). In recent years, miR-124 has been shown to be
involved in inflammatory reactions, differentiation, autophagy
and cell proliferations (30,32,33). For instance, Wang et al (34)
reported that fibroblasts derived from calves and patients with
severe pulmonary hypertension had lower levels of miR-124
expression. Hypertensive fibroblast proliferation, and the
migration and expression of monocyte chemotactic protein-1
(MCP-1) were all markedly reduced following the overexpres-
sion of miR-124, in contrast to the enhanced proliferation,
migration and MCP-1 expression of the control fibroblast
treated with an anti-miR-124 molecule (34). Of note, miR-124,
which is associated with EMT, cell cycle arrest, tumor
spread and chemoresistance, is often expressed in low levels
in various types of malignant tumors (35-41). Shi er al (42)
reported that prostate cancer cells have considerably lower
levels of miR-124 expression (42). Further research revealed
that miR-124 overexpression can suppress tumor development
and proliferation by upregulating TP53 and downregulating

androgen receptor (AR) expression. Another name for bacu-
loviral IAP repeat containing 3 (BIRC3) is IAP2, a protein
that belongs to the IAP family of apoptosis-inhibiting proteins.
Gan et al (43) concluded that IAP suppressed apoptosis by
directly repressing the caspase cascade. Previous research
has revealed a high association between BIRC3 and a variety
of biological processes in cancer cells (44). A previous study
demonstrated that all types of human malignant tumors
expressed higher levels of BIRC3 than normal tissues (45).
Notably, another study revealed that miR-124 regulated BIRC3
expression in hepatocellular carcinoma (HCC) cells by inter-
acting with the 3'-untranslated region (UTR) of BIRC3 (36).
Consequently, miR-124 may function as a tumor suppressor,
limiting the development of tumors, and may function as a
potential biomarker for cancer patients with a poor prognosis.
To fully comprehend the potential therapeutic uses of miR-124,
further research is required.

3. Regulatory roles of miR-124 in multiple cancer types

Malignant tumors are caused by aberrant cell growth and
proliferation. Tumors are recognized by contemporary
medicine as a sort of genetic mutation (46). miRNAs have a
significant influence on the onset and progression of cancer,
according to mounting data (47). Zhang et al (48) revealed
miR-124 expression was noticeably downregulated in primary
BC tissues, and by specifically targeting the programmed cell
death protein 6 (PDCD6), it prevented EMT and the motility
of BC cells. Simultaneously, miRNA-124 can also target EPH
receptor A2 (EphA2) to inhibit cell motility and proliferation
in glioma (49). Notably, it has been found that miR-124 is a
highly conserved miRNA involved in a number of biological
tumor processes, including cellular differentiation, invasion,
apoptosis, metastasis and proliferation (50-52). The aim of
the present review was to provide a summary of the research
findings on miR-124 in various human malignancies, and to
discuss its mechanisms of action and clinical importance in the
emergence and growth of tumors. The regulatory mechanisms,
expression patterns and functional roles of miR-124 in cancer
are illustrated in Fig. 1, while Fig. 2 summarizes regulatory
networks of miR-124 repeatedly observed in various tumors.
In addition, the regulatory mechanisms and targets of miR-124
in various malignancies are presented in Table I.

BC. Worldwide, BC is the most prevalent malignant illness
and the main cause of cancer-related mortality among
women. It affects ~12% of women worldwide, including 25%
(1.7 million) of patients newly diagnosed with cancer and
is responsible for 15% (>0.5 million) of all cancer-related
deaths (53,54). Accumulating evidence has suggested that the
etiology of BC is predominantly hormonal, with an increased
lifetime exposure to endogenous and exogenous hormones
related to the development of the disease (55,56). The most
severe form of BC occurs when the tumor spreads from the
breast tissue to other parts of the body (metastasis), which
markedly increases the tumor burden and often leads to a
terminal diagnosis (57,58). Recently, early diagnosis and novel
treatments for BC have achieved notable advancements, and
the OS of patients has also improved. However, tumor recur-
rence and metastasis remain the main cause of mortality for
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Figure 1. The expression pattern, regulatory mechanism and functional role of microRNA-124 in breast cancer, prostate cancer, ovarian cancer, lung cancer, hepa-
tocellular carcinoma, bladder cancer and colorectal cancer (63,70,85,97,98,109,131,132,143,242-245). NEAT1, nuclear enriched abundant transcript 1; ZEB2,
zinc finger E-box binding homeobox 2; EMT, epithelial-mesenchymal transition; DNMT3B, DNA-methyltransferase3B; PRRX1, paired related homeobox 1;
XIST, X-inactive specific transcript; SGK1, serum/glucocorticoid regulated kinase 1; CAPN2, calpain 2; UHRFI, ubiquitin-like with PHD and RING finger
domain 1; AR, androgen receptor; ADAMIS, a disintegrin and metalloproteinase 15; CAV1, caveolin-1. Some of the elements in the figure were derived from
Servier Medical Art (Web site: https://smart.servier.com/) and publication permission was obtained.

a large number of patients with BC, and represent the main
obstacles for the reduction of the mortality rates of patients
with terminal BC (59,60). In order to increase the OS and
disease-free survival (DFS) rates of patients with BC, it may
be useful to investigate the biomarkers of BC cell metastasis.
Feng et al (61) and Yang et al (62) explored the expres-
sion of miR-124 in 40 pairs of BC and neighboring non-tumor
tissues using reverse transcription-quantitative PCR
(RT-gPCR). Compared to the neighboring normal tissues,

miR-124 expression in BC tissues was markedly reduced.
Furthermore, the expression of miR-124 in the BC cell lines,
MCF-7 and MDA-MB-231, was likewise markedly reduced. In
addition to resulting in mortality, miR-124 suppression notably
decreased BC cell proliferation, migration and invasion in vivo
and in vitro (26). Moreover, miR-124 overexpression has been
shown to contribute to an increase in the number of cells
present in G,/G, phase from 34.8 to 41.2% (26,62). Of note,
Ji et al (63) revealed that transfection with miR-124 mimics
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Figure 2. The repeatedly observed regulatory networks of miR-124 detected in different tumor subtypes (62,80,188,246-248). NICD, Notch intracellular
domain; Dvl, Dishevelled; JAGI, jagged canonical Notch ligand 1; TRAF6, TNF receptor associated factor 6; BIRC3, baculoviral IAP repeat containing 3.
Some of the elements in the figure were derived from Servier Medical Art (Web site: https://smart.servier.com/) and publication permission was obtained.

significantly increased the expression of the epithelial marker,
E-cadherin, in MDA-MB-231 and BT549 cells. However,
the expression of the mesenchymal markers, N-cadherin and
vimentin, was reduced as a consequence of miR-124 overex-
pression in MDA-MB-231 and BT549 cells as compared to
the control group (63). Simultaneously, the cell shape changed
from a fusiform mesenchymal to a polygonal epithelial one
when miR-124 was overexpressed in MDA-MB-231 and
BT549 cells, demonstrating that the epithelial cell polarity of
MDA-MB-231 and BT549 cells was partly regained following
transfection with miR-124 mimics (63). It was hypothesized
that the anti-metastatic effect of miR-124 was associated with
the control of EMT. TargetScan analysis and dual-luciferase
reporter assays revealed that a miR-124 binding site was
present in the zinc finger E-box binding homeobox 2 (ZEB2)
3'-UTR region, which was later verified to be significantly
elevated in BC tissues. Additionally, it was shown that ZEB2
expression in BC tissues was adversely linked with miR-124
expression. miR-124 could suppress EMT via ZEB2, thus
further suppressing the metastasis and invasion of BC
cells (63). According to the study by Shi er al (64), miR-124
may inhibit STAT3 production by interacting with the protein's
3'UTR and controlling the malignant behavior of BC cells.
miR-124 is a key modulator of cholinergic anti-inflammatory
effects, and it can inhibit the expression of STAT3 and TNF-a
converting enzyme (65). Therefore, miR-124 can achieve its
antitumor effect by inhibiting these two inflammatory factors.
STAT3 is a gene that has been extensively studied in a variety
of cancer types. The close interaction between miR-124 and
SATA3 makes miR-124 position in anticancer treatment even

more critical. STAT3 is closely associated with the prolifera-
tion, invasion and natural killer cell tolerance of tumor cells.
By suppressing the expression of miR-124, Zhang et al (66)
reported that LINC00240 caused a number of tumor-promoting
behaviors by overexpressing STAT3. Additionally, in another
study, rescue experiments revealed that the overexpression of
miR-124 had negative effects on cell survival and invasion;
however, these effects were substantially reversed by the
high expression of STAT3 (64). It has also been found that
miR-124 inhibited STAT3 to render BC stem cells less resis-
tant to the therapeutic agent, doxorubicin (DOX), indicating
that miR-124 restoration and STAT3 suppression may be an
effective combination for combating drug resistance (67). The
formation of numerous cancer types has been connected to the
nuclear enriched abundant transcript 1 (NEAT1), a new long
non-coding RNA (IncRNA) found in nuclear paraspeckles that
is essential for sustaining paraspeckles (68). According to the
study by Jiang et al (69), NEAT1 may target the miR-448/ZEBI
axis to promote the progression of BC. Of note, Pang er al (70)
demonstrated that NEAT1 functioned as a competitive endog-
enous RNA (ceRNA) that increased STAT3 expression by
sponging miR-124 in BC, and the overexpression of miR-124
attenuated the effects of NEAT1 on the growth of BC cells.
Furthermore, the high expression of miR-124 reduced BC cell
growth by concentrating on STAT3. In BC tissues, miR-124
levels were inversely linked with NEAT1 and STAT3 expres-
sion levels (70). In summary, the aforementioned studies
indicate that NEAT1 and STAT3 are connected by a positive
feedback loop, which contributes to the proliferation of BC
cells. miR-124 is considered to be a key target in the treatment



INTERNATIONAL JOURNAL OF ONCOLOGY 64: 6, 2024

8
a
)
:

PUBLICATIONS

‘T uonedo[suel) juerrea ewojkoewseld ‘1 LAd g uInoy ‘zLOT1A g urajoid Surpuiq (urewop ¢HS) urjoid Suneanoe ased 1o ‘7ddeD ¢ -IowAjod pasrojurar-1aqy sse[sd
T-d9AD <1 Pag3elTOV[ ] UodAed ‘[ AYD ‘] oseuny aursosuryds ¢ 1 3[yds 9 yreap 109 pawrweisord ‘9@Ddd S| urewop asepndadoerow VAV ‘STINVAY ‘T QWAZOSI “oseury 9seuagoIpAyap ajeantid
‘31dd ¢ uuodenbe ‘¢ OV ‘g ured[ed ‘gNdVD {1 X0qoawoy paje[ar paired ‘[ XWJ {1 9serojsuenjAyouw-(-g-oursolLo) VNJ ‘ I LIANC ‘e10q ¢ aserajsuenAyiow-(-g-oursolfo) vNJ ‘dE.LIANC 1 9seury
ParRIN3aI PIodNIOd0IN|3/WNIAS ‘[ S[DS 101dadar uaSorpue Yy ] surewop 13uy Sull pue qHJ YHm I[-uninbiqn ‘[ IYHN g Sojowoy 9)s9z JO Iduequd ‘gHZH ‘UL_dypeidw ‘HA.LIN ‘€ uonduosuen
JO JOJBATIOR pUR JJNPSURI) [RUSIS ‘¢ VLS ‘7 X0qoawoy Surpurq Xoq-g Iasuy ouiz ‘ggq7Z T VN 2suasnue-103dadcar A uneisoouo ‘ [SY-YINSO T VN 2Sudsnue-¢ Sururejuod urewrop H4 pue J4O0UYY
‘AAAA ‘TSV-SADA ] I90UBD UBLIBAO [IIM PAJBIDOSSE Y NYIU ‘ TDODINT {1 PAIBIDOSSE J90URD [BI[AYI0IN ¢ [ D[] {UNUWIA YN YII ‘INTA I ¢ [ 3dLIosuer], oruonuy-| Sururejuod urewop Iopnj pue asea[onu
[e220%0[Aydess ‘T LI-TANS ‘€.1 VN Surpod urajord-uou oruagiayur Suof ‘¢/ TOODNIT ‘uoneso[suen juenrea ewojkoowse[d yNYIIO ‘LAJOID ([ 1dLIOSURT BWOUIDIBIOUIPE SUn| PIJRIOOSSE SISB)SBIOUW
T-IVIVIN STVNY esuasnue INVOSA ‘ ISY-INVISA VN Surpoo-uou Suof ‘YN[ ¢ ] urajoid pajerdosse-saf ‘[dVA Sduosuen ogroads oanoeur X ‘LSTX ¢ owosoisonbag :zgd ¢ 1duosuen juepunge
PAYILIUD Jed[onu ‘[ LVHAN ‘€ seury] urjord SunorIsjur-uretwiopodwoy YN YOI ‘CJIHIII) "PAJedIpur jou ‘y/N ‘Iossarddns own) € se uonony Io S[AQ] UOISSAIdXd paonpal s9jedrpur [oquiks -, ay[,

TLIANd 6C-NH( ‘TC-NHI ‘€1-NHT BLIOUIOIRD [[99 snowenbs

(T91°091) ‘TLAd VNYOUT “T3yds V/N LTIV “¥D0S ‘6-00S - 3o3u pue peoH

rwoydwA]|

(152 V/N TIVIVIN VNIOU[ 9L1-dLH ‘01C-TID V/N [199-L snoaueiny)

(812) ¢LOTd ISV-I4INSO DINISTN “DINLSN V/N BuIOID

(20 ¢ddedD [SV-SADH VNI SOH ‘€9-DIN ‘SOTN “T-soes V/N BUWOIIBSOASO

(8¢€0) V/N ID0DNT SLEV ‘€-TAIN-MS V/N BUWOUR[IN

(812) V/N 1VON VN[ 6LA 1O V/N BUIO)SBIqOUNIY

BUWIOUTDIRD [[9

(052) V/N LSTX VN¥2U[ TINN STDD V/N snowenbs anguoy,
IT-4L°01-dL

10 VIN INTADITD ‘601-80H ‘0ST-ASAM VIN Iooued [eadeydosy
[SAD ‘VLNIIN

(s61) V/N TLI-TANS VNY2Y[ ‘L8N-IDN ‘LT-DDH ‘SOV V/N Jadued dLisen
dBDA ‘1A¥TT ‘dT-¥D deONT

(¢ST-0ST) [-dJID0 VNIUT V/N ‘I-a¥CT ‘syInd ‘€Dd - Jadued 91e)s01d
IOVI‘TAVD wd)[680H

(Pr1-Tr1‘ 1Y) ‘13Yds ‘oadad €LTOODNIT ‘CIVADO ‘EAOIS - Jadued ueLreAQ

(F61°€61) V/N €IVLS ‘1LVAN ‘VNYoU[ OI¥-dSAM ‘0ST-ASAM V/N I90ued [eLnaWwopuy

TLAdDI “80¢€ 1

(€€1-621 VNYOUL “ [-IVIVIN 66CIH ‘dS6 ‘DS6 ‘09vH JIooued Jun|

‘9TI¥CT) SINVAyVv VNOU[ ‘€dIHI ‘6¥SV ‘9CCH ‘c-e-ddl1 - [139 [Tews-uoN

(LTT'STT aoldd ISV-INVOSd guiourdres

‘601°S01-€01) ‘¢dOV ‘tHZd VNOU “EdTHI 7OdsH ‘J-8doH - Te[nyaoojedoy

(00T-86 INAVO' IX¥dd ‘ L.LIANA

‘96 0% 6¢) ‘AELIANA ‘13DS I1dVA ‘LSIX 0COMS - Jadue?d [83910[0D)

(€8-18°8€°LE) qV [ 19HN LSIX L€9S ‘¥TL ‘9LET-LH - Iooued 1oppe[g
(€L-L9 CHZ4 ‘HALN 6¥SLd ‘Le-dVIOd

‘+9-19°97) ‘¢IVLS ‘tddZ 294 ‘TLVAN ‘€NdIH ‘SCEP-AINVAIN ‘L-dDIN - Jadued 1sealq

(s3oy) s3031e) onnaderoy) $1931e) onnaderay) SaUI[ [[90 JoURD) uorssardxa ad£y 100uR)

WEBAINSUMOP JUBAJ[IY weansdn juead[oy 9[01 uonduUN,J ur a3uey)

“100URD JO SadA) SNOLIRA UT 47 ]-¥IW JO 9[0Y ‘T 9[qel,


https://www.spandidos-publications.com/10.3892/ijo.2023.5594

6 LIU et al: miRNA-124 AND CANCER

of BC. Shi et al (71) indicated that circular RNA HIPK3
(circHIPK 3) contained in BC cell-derived exosomes increased
metadherin expression in endothelial cells by sponging
miR-124-3p, thus promoting tube formation in human endo-
thelial cells and potentially serving as a therapeutic target for
anti-angiogenesis treatment in BC. The effects of anticancer
medications on tumor-associated macrophages (TAMs) may
affect their therapeutic efficacy, and the combined use of anti-
cancer drugs with TAM modifiers may be necessary to achieve
significant clinical success, according to Wang et al (72), who
hypothesized that miR-124 could downregulate enhancer
of zeste 2 polycomb repressive complex 2 subunit (EZH2)
and thereby promote chemokine ligand 2 expression, thus
affecting TAM polarization and infiltration. Guo et al (73)
identified that an alternatively spliced p62 isoform provided
resistance to treatment in BC. These findings increase the
current understanding of the molecular processes underlying
BC development, and raise the possibility of using miR-124 as
a therapeutic target for BC.

Bladder cancer. Bladder cancer is considered one of the most
common malignant urinary system cancer types. Bladder
cancer is listed as the second highest cause of cancer-related
mortality among all genitourinary tumors (74). It is estimated
that there are currently 765,950 patients in the USA with
bladder cancer (75). Urothelial carcinomas comprise <90% of
all bladder cancer cases, including invasive and non-invasive
bladder cancer. Approximately 15% of urothelial bladder
cancer cases may worsen to muscle-invasive cancer (76).
Surgery, often an en bloc resection, followed by adjuvant
intravenous chemotherapy is the conventional course of treat-
ment for non-muscle invasive bladder cancer (77). The 5-year
survival rate for individuals with muscle-invasive cancer is
70%, and the 10-year survival rate is significantly lower (78,79).
The highly metastatic nature of bladder cancer is the main
reason for its high recurrence and mortality rates. In order to
improve the clinical treatment efficiency and patient survival,
it is essential to identify effective therapeutic targets and to
develop efficient treatment techniques.

miR-124 has been shown to be a crucial regulator of
bladder cancer. Previous studies by Zhou er al (37) and
Zo and Long (38) on miR-124 expression in bladder cancer
tissues found that its expression was significantly lower than
that in adjacent noncancerous tissues. HT-1376, T24 and
5637 bladder cancer cell lines had considerably lower levels
of miR-124 than did SV-HUC-1 normal human bladder
epithelial cells. Furthermore, miR-124 overexpression could
effectively suppress bladder cancer cell proliferation, while
miR-124 downregulation markedly improved the prolif-
erative ability of bladder cancer cells. Compared with the
control cells, silencing of miR-124 promoted the invasive
and migratory abilities of bladder cancer cells, while these
migratory and invasive capacities were impeded by the high
expression of miR-124, suggesting that bladder cancer growth
and invasion may be inhibited by miR-124. In addition,
miR-124 was confirmed to be associated with angiogen-
esis (80). Vasculogenic mimicry (VM), MMP-2, VEGF
and MMP-9 are valid indications of angiogenesis that have
been described in previous research (81,82). Wang et al (83)
observed that miR-124 overexpression notably inhibited the

tubular channels formed, and considerably decreased VEGF,
MMP-9 and MMP-2 expression levels, thus highlighting the
suppressive effects of miR-124 overexpression on bladder
cancer angiogenesis. Moreover, the knockdown of miR-124
exerted opposite effects on VM, as well as on the protein
level of VEGF, MMP-2 and MMP-9, thus indicating that the
ectopic expression if miR-124 can inhibit the angiogenesis of
bladder cancer cells (83). Mechanistic analyses demonstrated
that miR-124 could interact with ubiquitin-like with PHD
and RING finger domain 1 (UHRF1), acting as an important
modulator of epigenetic modifications, and significantly
decreasing UHRF1 expression in bladder cancer cells. In
contrast to UHRF1 overexpression, the aforementioned results
demonstrated that miR-124 reduces bladder cancer develop-
ment, migration, invasion and angiogenesis (83). In several
cancer types, IncRNA X-inactive specific transcript (XIST)
is associated with cancer progression (84). By controlling
the expression of AR, Xiong et al (85) demonstrated that the
bladder cancer cell proliferation and migration may be affected
by XIST; AR is a ligand-dependent transcription factor that
regulates biological functions (86). To inhibit the formation of
miR-124, XIST can function as a ceRNA. miR-124 may also
bind to the protein's 3'-UTR in order to regulate the produc-
tion of AR (85). miR-124 suppression cab partially override
the impact of XIST downregulation on the expression level of
AR, c-Myc, p27, MMP-13 and MMP-9 (85), indicating that the
newly identified XIST/miR-124/AR axis may regulate bladder
cancer cell proliferation, invasion, and migration and may act
as a marker and target for bladder cancer patients. The pattern
of miR-124 expression in bladder cancer remains unclear, and
further studies are required to determine the predictive value
of miR-124 and the association between its expression and
clinical indicators.

Colorectal cancer (CRC). CRC, which affects >1.2 million
individuals per year and is the third highest cause of
cancer-related mortality globally, has a 5-year survival rate of
63.5% (87). In 2020, the number of confirmed cases of CRC
reached 147,950, and there were 53,200 related deaths. Among
patients <50 years of age, 17,930 patients were diagnosed
with CRC, and 3,640 patients succumbed to the disease (88).
Despite the existence of screening and prevention strategies,
due to the frequent occurrence of CRC, it has long been a severe
global wellness issue. Despite recent advancements in surgical
techniques and comprehensive therapy, CRC is still associated
with a poor prognosis, particularly the low long-term survival
rate of patients with advanced-stage CRC (89,90). Thus,
precise prognosis estimation is essential for physicians, in
order to improve and individualize therapeutic strategies. Any
novel prognostic signal needs to be verified due to the poor
prognosis of patients with CRC.

Zhou et al (39) and Taniguchi et al (40) investigated
the expression profile of miR-124 in CRC tissues and cell
lines, and observed that miR-124 expression was mark-
edly decreased in CRC tissues and cell lines. Functional
assays further revealed the inhibitory role of miR-124 in
regulating the cell viability and proliferative ability of CRC.
EdU assay revealed that, in the negative control (NC) small
interfering RNA (siRNA) group, the average proportion of
new cells incorporating EdU was 27.1%, which increased to



%ﬁ SPANDIDOS
'3,‘ PUBLICATIONS

39.8% in miR-124 inhibitor-transfected cells. Furthermore,
the proliferative capacity of SW620 cells transfected with
miR-124 inhibitor declined with increasing miR-124 inhibitor
concentrations (from 80 to 120 nmol/ul) and transfection
times (from 24 to 48 h), which demonstrated that it suppressed
the proliferation of miR-124-induced cells. High levels of
miR-124 expression, on the other hand, prevented cell survival
and proliferation. Similar to this, a colony-forming assay
revealed that CRC cells transfected with miR-124 inhibitor
had improved transformation ability compared to cells treated
with negative control siRNA, whereas CRC cells overex-
pressing miR-124 had significantly decreased transformation
ability, showing that miR-124 could prevent the invasion and
migration of CRC cells (39). Taniguchi et al (40) found that
the ectopic expression levels of miR-124 induced the apoptosis
and/or the autophagy of CRC cell lines. Mechanistically,
prokaryotic and eukaryotic genomes undergo DNA methyla-
tion, a post-replication alteration that plays crucial biological
roles, such as controlling gene expression, deactivating the X
chromosome and maintaining chromosomal integrity (91-94).
miR-124 is silenced in CRC via promoter methylation, among
other mechanisms that contribute to its downregulation, which
was first reported by Lujambio et al (95), who found that CpG
island hypermethylation caused miR-124 transcriptional inac-
tivation in human malignancies. The activation of cyclin D
kinase 6, a known oncogenic factor, and the phosphorylation of
the tumor suppressor gene, retinoblastoma, were both shown to
be causally related to the epigenetic loss of miRNA-124a (95).
A previous study examined how miR-124 effectively controlled
DNA hypomethylation by targeting DNA-methyltransferase
(DNMT)3B and DNMT]1. As a consequence of the elevated
expression of miR-124, the hypermethylated and suppressed
E-cadherin, methylguanine methyltransferase, and P16 genes
in CRC were also re-expressed (96). The expression of polypy-
rimidine tract-binding protein 1 (PTBP1) may be regulated
by miR-124. PTBP1 is able to alternatively splice pyruvate
kinase muscle isoform 1 (PKMI) to create pyruvate kinase
muscle isoform 2 (PKM2). This causes the PKM2/PKM1
ratio to increase, which prevents tumor cells from performing
aerobic respiration even when oxygen levels are adequate.
The proliferation of neoplastic cells may be affected by
improper metabolism. Through a PTBP1/PKM1/PKM?2
feedback loop, miR-124 was shown to reduce the develop-
ment of CRC cells (40). Bioinformatics analysis and dual
luciferase assays conducted by Zhu et al (97) revealed that
XIST served as a ceRNA to modulate miR-124 activity and
inhibit the transcriptional degradation of miR-124 targets,
such as serum/glucocorticoid regulated kinase 1 (SGK1). By
serving as a miR-124 sponge and therefore reducing SGK1
protein expression in DOX-resistant CRC cells, XIST knock-
down reduced the ability of these cells to withstand DOX.
Consequently, miR-124 may be a promising therapeutic target
for enhancing the efficacy of DOX-based chemotherapy in
patients with CRC (97). In terms of the impact of miR-124
on radiotherapy and drug resistance, miR-124 overexpression
has been shown by Zhang et al (98) to increase the sensitivity
of CRC cells to radiation, while knockdown of miR-124
induces cell resistance to irradiation by targeting paired
related homeobox 1. The study by Xie et al (99) demon-
strated that miR-124 directly targeted calpain 2 to enhance
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oxaliplatin-based chemotherapy. The clinical importance of
C-X-C motif chemokine ligand 12 (CXCL12)/C-X-C chemo-
kine receptor type 7 (CXCR?7) aberrant signaling in driving
EMT and invasion during CRC development was identified by
Si et al (100). These results indicate the possibility of inhib-
iting CXCL12/CXCR?7 aberrant signaling-induced metastasis
of CRC by targeting yes-associated protein 1 nuclear translo-
cation. In summary, these results indicate a major anticancer
role of miR-124, which may serve as a fresh point of focus for
the diagnosis and treatment of CRC.

HCC. Liver cancer is the sixth most prevalent solid cancer
worldwide, particularly in China. There are ~841,000 new
cases and 782,000 deaths associated with this disease world-
wide, rendering it a serious health concern (4). HCC is the
most common type of liver cancer and comprises >90% of all
instances of primary liver cancer. Patients typically succumb
to intrahepatic or extrahepatic metastasis in the absence of suit-
able therapy. Metastasis is often coupled with the development
of new tumors (101,102). Consequently, further research on the
metastatic mechanisms of HCC may help to elucidate HCC
metastasis factors and to identify novel therapeutic targets.
RT-qPCR and immunohistochemical analysis conducted
by Wang et al (103) revealed that miR-124 was notably down-
regulated in a cohort of 60 pairs of HCC tissues and Hca-F
cells in contrast to nearby normal tissues and the normal
hepatic cell line, NCTC1469, suggesting that miR-124 may
play a critical role in regulating HCC tumorigenesis. Moreover,
biological function assay demonstrated that miR-124 overex-
pression markedly suppressed the viability and proliferation
of HepG2 cells. The results of wound healing assay indicated
that the overexpression of miR-124 in HepG2 cells attenu-
ated the wound healing process compared with the control
cells. Importantly, the results of Transwell assay without
Matrigel coating demonstrated that HepG?2 cells expressing
miR-124 migrated to the lower chamber to a lesser extent, in
comparison to the control cells. Likewise, cell invasion was
also observably inhibited by transfection with miR-124, as
confirmed in the Transwell assay with Matrigel (104). All
the aforementioned findings indicate that miR-124 functions
as a tumor inhibitor in HCC. Furthermore, in HCC cell lines,
miR-124 overexpression was shown to decrease the expression
levels of three mesenchymal markers (fibronectin, vimentin,
and N-cadherin), whereas it increased the expression levels
of three epithelial indicators (E-cadherin, a-catenin and
B-catenin). Additionally, immunofluorescence labeling
revealed that in HCC cell lines, the expression of those three
epithelial markers increased whereas the expression of the
aforementioned three mesenchymal markers decreased (105).
Adrenoceptor $2 and E-cadherin are directly suppressed by
EZH?2, which contributes to the activation of EMT (106,107).
The association between EMT and the invasion and metastasis
of cancer cells is widely recognized (108). Notably, miR-124
specifically targets the 3'-UTR of EZH2 to alter the synthesis
of E-cadherin, according to Zheng et al (105), suggesting that
miR-124 can control the progression of EMT. A previous study
demonstrated that circHIPK3 served as a miR-124 sponge and
significantly inhibited the expression level of miR-124 in HCC
cells. These findings suggested that circHIPK3 may promote
HCC cell proliferation and migration, whereas opposite effects
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were observed upon the overexpression of miR-145, which
indicated that miR-124 inhibition rescued the decrease in
the proliferation and migration of HCC cell lines caused by
circHIPK 3 knockdown (109).

A family of transmembrane channels termed aquaporins
(AQPs) transport solutes, such as glycerol and water (110,111).
Previous studies have reported a critical role for AQPs in
tumorigenesis and cancer progression (112,113). AQP3 has
been shown to be overexpressed in HCC, and patients with
elevated levels of AQP3 have a negative prognosis (114).
Moreover, Chen et al (109) confirmed that AQP3 was a target
of miR-124 and inhibited the expression of AQP3. The knock-
down of circHIPK3 reduced the proliferation and migration
abilities of HCC cells, which could be rescued by a miR-124
inhibitor. Furthermore, the circHIPK3-induced suppression
of AQP3 expression may be reversed by miR-124 inhibition.
These results demonstrated that circHIPK3 controlled the
migration and proliferation of HCC cells by sponging miR-124,
which in turn controlled the expression of AQP3 (109). Further
research on the circHIPK3-miR-124-AQP3 axis may provide
new perspectives for the future therapy of HCC. Yu et al (115)
suggested that circHIPK3 accelerated cell proliferation
and invasion by sponging miR-124. MALATI, a IncRNA
linked with lung adenocarcinoma, may promote the growth
of HBx-induced malignancy (116). The 3'-UTR of miR-124
in cancer stem cells (CSCs) can specifically bind caveolin-1
(CAV1), which indicates that miR-124 can be overexpressed
by targeting CAV1. Therefore, the high expression of CAV1
can inhibit the self-renewal and tumorigenesis of liver CSCs.
When miR-124 is absent, this effect disappears. Other
IncRNAs, such as DS cell adhesion molecule-antisense RNA
1 and miR-124 have also been found to interact in HCC (117).
Taken together, these findings may provide new perspectives
on the pathogenesis of HCC and may provide underlying strat-
egies for miRNA-directed therapy. However, future studies are
required to determine and elucidate the in vivo implications
and other potential mechanisms of miR-124.

Lung cancer. Lung cancer is the leading cause of cancer-asso-
ciated mortality worldwide, accounting for ~1.4 million deaths
each year (118). The two main types of lung cancer are small
cell lung cancer (SCLC) and non-small cell lung cancer
(NSCLC) (119). NSCLC is diagnosed in ~85% of patients,
while the remaining ~15% of patients are diagnosed with
SCLC (120). Despite the therapeutic progress that has recently
been made, the 5-year OS rates of patients with NSCLC
remain low (121). Increasing evidence has indicated that cancer
metastasis or recurrence is frequent in NSCLC therapy, and is
mainly responsible for the low 5-year survival rate (122,123).
Thus, understanding the mechanisms of NSCLC progression
is critical.

miR-124 has been found to function as a regulator in lung
cancer. Yang et al (124) demonstrated that miR-124 expression
was significantly lower in 40 NSCLC tissues compared with
paired non-cancerous lung tissues. Furthermore, the miR-124
expression level was strongly decreased in several NSCLC cell
lines (LTEP-a-2, H226, A549, H460, 95C, 95D and H1299)
compared with HBE cells. Transwell assays revealed that
the A549 and H1299 cells with an elevated expression of
miR-124 exhibited reduced migratory and invasive abilities.

Furthermore, the A549 and H1299 cells with a downregu-
lated expression miR-124 exhibited increased migratory
and invasive abilities (124). According to a previous study,
TGF-stimulation can cause A549 cells to initiate EMT, which
is followed by a loss of cell-to-cell adhesion and an increase in
cell mobility (125). Zu et al (126) demonstrated that miR-124
expression could partially induce EMT by suppressing the
expression of N-cadherin and vimentin, whether it was
transfected before or after TGF induction. A549 cell EMT
morphology was also observed when miR-124 was transfected,
and the authors of that study noted that miR-124 expression
in A549 cells lowered N-cadherin and vimentin expression,
but had no effect on E-cadherin expression, particularly in the
absence of TGF stimulation. These data revealed that expres-
sion of miR-124 had the ability to partly reverse the EMT
process (126). Previous studies have suggested that the meth-
ylation of the miR-124 promoter may reduce the production of
the gene in human tumors (127,128). Moreover, Zu et al (126)
discovered that the miR-124 promoter was hypermethylated in
NSCLC cells. Additionally, 5-azacytidine therapy significantly
increased the expression of miR-124 in these cells. The authors
found that TGF-stimulated miR-124-1/2 promoter hypermeth-
ylation could be significantly reduced, but miR-124-3 promoter
hypermethylation showed no effect. Further analysis using
bisulfate sequencing and PCR revealed that TGF-f3 induction
hypermethylated the miR-124-2 promoter but had no effect
on the miR-124-3 or miR-124-1 promoter methylation (126).
Moreover, A549/DDP cells have been shown to be more sensi-
tive to cisplatin as a result of miR-124 overexpression; their
apoptotic rate has been shown to increase, and their invasive
and metastatic capacities have been found to be inhibited by
miR-124 mimics (129). Another study revealed that miR-124
may interact with circHIPK3 to regulate the expression of
miR-124 targets in lung cancer cells, including as STAT3,
sphingosine kinase 1 (SphK1) and cyclin-dependent kinase
4 (CDK4). CircHIPK3 siRNA increased miR-124 expres-
sion, whereas circHIPK3 hyperexpression by LV-circHIPK3
decreased it (130). Notably, a miR-124 inhibitor significantly
decreased lung cancer cell death and proliferation, as well as
the downregulation of miR-124 targets caused by circHIPK3
siRNA (130). Wu et al (131) demonstrated that IncRNA
MALATI could competitively regulate miR-124 after reacting
with argonaute 2 to form a complex. IncRNA MALAT-1 could
sponge miR-124 to regulate EMT. A decrease in the expression
of miR-124 could significantly reverse the inhibition of cell
proliferation, variability, invasion and migration, and EMT
mediated by IncRNA MALAT1 knockdown. Li er al (132)
found that IncRNA 1308 contributed to the sponging of
miR-124, which resulted in the overexpression of a disintegrin
and metalloproteinase 15 (ADAMI15). The reduced expres-
sion of miR-124 and the enhanced expression of ADAMI15
may clearly counteract the inhibitory effects of IncRNA 1308
knockdown on cell invasion, proliferation and migration. It
was identified that the IncRNA 1308/miR-124/ADAM15 regu-
latory network was associated with NSCLC cell invasion and
proliferation, and may promote carcinogenesis in NSCLCs;
thus, it could be used to develop novel diagnostic and treatment
methods for NSCLC (132). Similarly, Liu ef al (133) reported
that exosomal circRNA plasmacytoma variant translocation
1 (PVT1) derived from lung cancer mediated macrophage
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polarization via the miR-124-3p/EZH2 axis to potentiate
lung cancer cell proliferation, invasion and migration. These
findings demonstrated that miR-124 may inhibit the ability
of NSCLC cells to become malignant via an mRNA-guided
mechanism. However, further research is warranted to eluci-
date the alternative regulatory mechanisms, as well as the
therapeutic utility of miR-124 in lung cancer.

Ovarian cancer. With a high mortality rate observed over the
past few decades, ovarian cancer continues to be one of the
major causes of mortality among women worldwide (134-136).
The primary factor behind this high mortality rate is the fact
that >70% of patients are diagnosed at an advanced stage of the
disease and have already developed distant tumors (137,138).
According to previous studies, complex changes in the genome,
particularly in the expression and function of several miRNAs,
are linked to ovarian cancer (137,139). The exact mechanisms
through which miRNAs are associated with the invasion and
migration of ovarian cancer cells remain unclear, despite
the fact that multiple studies have suggested the potential
utility of miRNAs in ovarian cancer diagnosis, prognosis and
therapy (140,141). Therefore, it would be crucial for clinical
practice to identify effective biomarkers for ovarian cancer
diagnosis and therapy.

Yuan et al (41) evaluated the expression of miR-124 in 30
clinical tumor samples of tissue and 30 non-neoplastic ovarian
tissue, and demonstrated that compared to non-neoplastic
reference tissues, the majority of ovarian cancer tissues
exhibited considerably reduced expression levels of miR-124.
In the study by Zhang er al (142), miR-124 expression was
also found to be reduced in ovarian cancer cell lines. The
biological effects of miR-124 on the proliferation and inva-
sion of ovarian cancer cells were then demonstrated by
various functional assays. A wound healing assay revealed
that the overexpression of miR-124 mimics markedly
decreased the migration of the ovarian cancer cell lines,
SKOV3 and OCVAR,3 as compared to the scramble control
or NC at 24 and 48 h. Furthermore, the ectopic synthesis of
miR-124 considerably decreased the invasion of these cell
lines in comparison to the scramble control or NC groups.
miR-124 overexpression reduced the proportion of cells in
the S phase, and significantly increased cell apoptosis and
the proportion of OVCAR3 and SKOV3 cells in the GO/G1
phase (142). In terms of the mechanisms, Yuan et al (140)
found that miR-124 directly suppressed the expression of
PDCD6 in ovarian cancer. Notably, the expression of PDCD6
reversed the inhibition of cell migration and invasion caused
by miR-124, as well as the activation of cell death (141). In
the study by Zhang er al (142), SphK1 was shown to be a
predicted target of miR-124, and miR-124 functioned as an
inhibitor by directly binding to the anticipated binding loca-
tion of the 3'-UTR of SphK1. SphK1 overexpression prevented
cells from miR-124 from inhibiting cell migration and inva-
sion (142). Additionally, Deng et al (143) demonstrated that
the overexpression of miR-124-3p.1 reduced the apoptotic
cell death induced by carboplatin in ovarian cancer cell lines.
They established miR-124-3p.1-targeted CAV1 in ovarian
cancer as the mechanism behind this effect. The overexpres-
sion of miR-124-3p.1 prevented CAV1 from being expressed,
which reduced AKT activation and Bad phosphorylation. As
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aresult, Bel-xL function was downregulated, and carboplatin
enhanced the induction of mitochondrial death (143). It has
been shown that the miR-124-3p/jagged canonical Notch
ligand 1 (JAGI) pathway promotes the apoptosis and inhibits
the proliferation of ovarian granulosa cells (144). In conclu-
sion, these results highlight the tumor suppressive function of
miR-124, and highlight its potential as a prognostic indicator
for patients. Further mechanistic studies including larger
tumor samples are, however, urgently required.

Prostate cancer. The mostfrequent disease among males and the
subsequent largest reason for cancer-related mortality is pros-
tate cancer, with >29,000 males succumbing to prostate cancer
in the USA in 2020 (145). Despite the fact that prostate cancer
may be treated with cutting-edge techniques, such as androgen
deprivation therapy and docetaxel chemotherapy (146,147),
the survival rate of patients with prostate cancer remains low,
and the 5-year survival rate is only 29% (74,148). In addition,
30% of patients relapse after receiving first treatment (149).
Thus, identifying novel diagnostic biomarkers and therapeutic
targets for enhancing the survival rate of patients with prostate
cancer is of utmost importance.

Zhang et al (150) investigated miR-124 expression in 37
pairs of surgical specimens from patients with prostate cancer
using RT-qPCR, and found that miR-124 expression was
reduced at varying degrees in cancerous tissues. Shi et al (42)
examined the level of miR-124 expression in prostate cancer
cell lines, and found that the expression of miR-124 was
lower in malignant cell lines compared with benign cell lines,
Northern blot analysis was performed on these cell lines
and similar results were obtained. Functionally, Transwell
and cell attachment assays demonstrated that upregulation
of miR-124 led to a marked reduction in the attachment to
fibronectin, a vital component of the extracellular matrix,
and impaired the abilities of cell migration and invasion (42).
Another study suggested that upregulation of miR-124 may
prevent prostate cancer cells from proliferating, indicating
that miR-124 functions as a tumor inhibitor (151). It was
demonstrated that the tumor inhibitor miR-124 was a critical
regulator of an oncopathway in prostate cancer, modulating
the expression of EZH2, Src and AR variants that contribute
to the pathogenesis of the disease and resistance to treatment,
and that miR-124 recovery decreased the proliferation of
enzalutamide-resistant prostate cancer cells, rendering them
more responsive to the drug (151). Importantly, it was found
that synthetic miR-124 delivered systemically via polyethylen-
imine (PEI) reduced the growth of both androgen-dependent
and androgen-independent prostate cancer cells as well as
that of cells resistant to enzalutamide (151). Another study
observed that IncRNA opioid growth factor receptor pseu-
dogene 1 (OGFRP1) induced cell proliferation and inhibited
cell apoptosis by modulating miR-124, which was expected
to interact with IncRNA OGFRP1 (152). Additional analyses
confirmed that miR-124 and IncRNA OGFRP1 may interact,
and that miR-124 downregulation partially counteracted the
stimulation of proliferation and the suppression of apoptosis
caused by IncRNA OGFRP1 overexpression in prostate cancer
cells (152). Taken together, these findings provide a preclinical
justification for monitoring miR-124 levels in cancer treat-
ment. However, further research is necessary to validate the
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probable mechanisms and clinical significance of miR-124 in
prostate cancer.

Head and neck squamous cell carcinoma (HNSCC). With
~600,000 new cases and a mortality rate of 223,000-300,000
fatalities per year, head and neck cancer is the sixth most
common type of cancer worldwide (153,154). Squamous cell
carcinomas, which develop in the squamous epithelial cells
of the nasal cavity, paranasal sinuses, oral cavity, oropharynx,
larynx and hypopharynx, account for the majority of instances
of head and neck cancer (153). Currently, alcohol misuse,
long-term cigarette use and human papillomavirus infection
are the primary risk factors for HNSCC and are connected to
age, sex and ethnicity (155). The relative frequency of these
risk factors causes a variance in the distribution of HNSCC
internationally. The most hazardous characteristic of HNSCC
is that cancer is commonly identified at late stages (T3 or
T4), when the survival rate is decreased to 20%, resulting in
high mortality and morbidity rates (156,157). By contrast, the
5-year survival rate of patients is 80% if HCSCC is identified
at an early stage (T1 or T2) (158,159). Therefore, including
biomarkers unique to various ethnic groups holds promise for
screening, early identification and tracking therapy response
in HNSCC, rendering it an indispensable aspect of modern
clinical practice.

Zhao et al (160) and Yang et al (161) measured the expres-
sion level of miR-124 in HNSCC tissue samples and cells.
Their findings demonstrated that miR-124 expression in
HNSCC tumors was markedly reduced as compared to that
in surrounding healthy tissues. The expression of miR-124 in
HNSCC cell lines was also significantly lower than that the in
non-cancerous oral keratinocyte cell line. The downregulation
of miR-124 has been implicated in tumor-promoting activities,
whereas its upregulation is associated with tumor-suppressing
functions in HNSCC (160,161). Zhao et al (160) demonstrated
that the upregulation of miR-124 caused the substantial suppres-
sion of cellular proliferation in vitro, as well as a reduction
in tumor xenograft growth in animal models. Moreover, the
upregulation of miR-124 led to G1 phase cell cycle arrest, and
promoted the creation of fewer and smaller colonies, thereby
substantiating its role as a suppressor of tumors in HNSCC.
Additionally, Zhao et al (160) demonstrated that miR-124
specifically bound to the complementary 3'-UTR sequence
motif of SphK1 in HNSCC, inhibiting SphK1 production.
Instead of using vector-transfected JHU-22 cells and tumor
xenografts, miR-124 mimics were used to transfect JHU-22
cells; the results demonstrated a buildup of ceramide, higher
levels of the pro-apoptotic proteins, Bax, PARP and Bad, the
reduced expression of the anti-apoptotic proteins, Bcl-xL and
Bcl-2, as well as the increased production of caspase proteins
and cytochrome c (160). Yang et al (161) investigated the
biological consequences of miR-124 in cetuximab-treated
HNSCC cells. In comparison to cetuximab treatment, their
study found that miR-124 overexpression dramatically
decreased the viability of cells. In comparison to cetuximab
therapy, the overexpression of miR-124-3p increased the
apoptosis of CAL27 and SCC-9 cells by 11.23 and 9.76%,
and the number of TUNEL-positive cells by 7.87 and 8.15%,
respectively (161). miR-124-3p overexpression consistently
enhanced the inhibitory effects of cetuximab on Bcl-2

expression and the activation of broken caspase 3 and Bax,
indicating that it may improve the sensitivity of HNSCC cells
to cetuximab (161). It was also revealed that IncRNA PVTI1
downregulation resulted in the decreased methylation of the
miR-124-3p promoter, which led to the increased expression of
miR-124-3p. Functional rescue experiments revealed that the
overexpression of miR-124 markedly suppressed the effects
of PVT1 overexpression on apoptosis and cell proliferation.
This demonstrated the functional role of miR-124-3p as a
target in the control process of PVTI-mediated cetuximab
chemosensitivity (161). In conclusion, these findings provide
insight into the ability of miR-124 to inhibit the malignant
characteristics of HNSCC cells through the modulation of
mRNA and IncRNA interactions. It thus would be prudent to
determine whether miR-124 expression changes according to
the stage of HNSCC.

4. Potential mechanisms of miR-124 in various tumors

It is widely acknowledged that improving the patient survival
rate requires an enhanced of understanding the related
mechanisms and effective biomarkers for determining tumor
occurrence and metastasis. Furthermore, the early detection of
these aggressive cancer types during the course of the illness
and the development of effective therapeutics are expected
to decrease cancer mortality rates. Previous studies have
demonstrated that multiple signal transduction pathways are
associated with cancer occurrence and development (162-164).
The aim of the present review was to summarize the asso-
ciations between several regulatory systems that are involved
in the initiation and development of tumors. Firstly, it was
reported that miR-124 can directly influence the progression
of various cancer types via several signaling pathways (Fig. 3).
Adult tissue homeostasis and embryonic development have
both been demonstrated to be dependent on Wnt/f-catenin
signaling, which is often dysregulated in a number of malig-
nancies (165). Classical Wnt ligands initiate Wnt/f-catenin
signaling, which causes the protein complex comprised of APC,
Axin and GSK3 to degrade, inhibiting 3-catenin (166). Stable
[-catenin moves into the nucleus to begin the process of the
transcription of genes downstream, tightly regulating cell divi-
sion and the development of tumors. It has been proposed that
aberrant PI3K/Akt signaling exists in human cancer (167,168).
Epidemiological and experimental research has established
abnormal PI3K/Akt signaling pathway activation as a critical
stage in the development and maintenance of human cancer.
Previous research has demonstrated that PI3K/Akt triggers a
signaling cascade that modulates tumor cell proliferation, inva-
sion, metastasis and survival, in addition to affecting patient
prognosis (169,170). PIK3CA is an oncogene part of the PI3K
signaling pathway, and it is connected to cell proliferation and
carcinogenesis in multiple tumor types (171,172). The NF-xB
signaling pathway is regarded as a vital factor in numerous
steps of carcinogenesis and progression (173). The critical
function of the NF-B signaling system in mediating angiogenic
neovascularization, EMT, and cancer cell ‘stemness’, as well
as the mechanisms through which it contributes to chemore-
sistance, radioresistance and endocrine resistance, have been
emphasized in previous research, which are associated with
invasive phenotypes that cause early relapse, late disease stages
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and a poor OS (174,175). The JAK/STAT signaling system is
a widely expressed intracellular signal transduction route that
is involved in a variety of significant biological processes,
including the control of immune response, cell division,
apoptosis and differentiation (176). Since the overactivation of
the JAK/STAT signaling system is intimately related to the
development, progression, invasion and metastasis of several
tumors, it is acknowledged as a novel therapeutic target for a
range of cancer types (177-179). The Notch signaling system is
essential for cell survival, differentiation, death and prolifera-
tion, particularly in cancer cells. Notch may become activated
by connecting with the cell-bound ligands. JAGI, JAG2,
DLL-1, DLL-3 and DLL-4 are known as five Notch ligands
exist in mammals (180). In the usual Notch signaling pathway,
a Notch ligand expressed on the cell surface interacts with
a Notch receptor expressed on the surface of a neighboring
cell to activate Notch signaling (181). Many recent studies
have shown (as discussed below) that miRNA-124 can play an
inhibitory role in the development of various tumors through
the action of the aforementioned signaling pathways

CRC. Tt was discovered that the Wnt/B-catenin signaling
pathway controls the proliferation, invasion and metastasis of
CRC cells (182,183). miR-124 regulates Wnt4, a component
of the Wnt/B-catenin signaling system, decreasing CRC
cell proliferation in vitro and inhibiting tumor development
invivo (182). A recent study indicated that miR-124 suppresses
CRC proliferation, migration and invasion by downregulating
the DNMT3B and DNMTI1 level (184). The inhibition of
DNMTI1 and DNMT3b activity has been demonstrated to
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regulate the expression of genes involved in the Wnt/f-catenin
pathway (185). Thus, miR-124 may be involved in the
Wnt/B-catenin pathway by regulating DNMT3B and DNMTT1,
leading to the inhibition of CRC development.

BC.1Itis widely recognized that the Axin family, which includes
Axinl and Axin2, regulates the amount of Wnt/B-catenin to
negatively modify the Wnt/f3-catenin signaling pathway, and is
crucial for the development and pathophysiology of a number
of human illnesses, including cancer (165,186,187). The study
by Yang et al (62) revealed that miR-124-3p.1 targeted the
3'-UTR of Axinl mRNA in BC cells. miR-124-3p.1 overex-
pression promoted cell proliferation, which was suppressed by
the overexpression of Axinl in BC cells. Therefore, utilizing
miR-124-3p.1 mimics to target Wnt/B-catenin signaling
pathway genes, including cyclin D1 and c-Myc prevented
Axinl from being overexpressed (62). They also found that
miR-124-3p.1 mimic therapy mimicked the effects of Axinl
knockdown by upregulating p-catenin and Bcl-2, while
downregulating -catenin phosphorylation and the levels of
the apoptosis-related protein, Bax. Taken together, these find-
ings demonstrated that miR-124 regulated growth of BC by
regulating Wnt/B-catenin signaling (62).

HCC. Lang and Ling (188) identified that PIK3CA played a
direct role in targeting miR-124 in HCC cells, and thus contrib-
uted to marked decrease in PIK3CA at the mRNA and protein
level. Notably, the overexpression of miR-124 suppressed Akt
and mTOR mRNA, as well as their total and phosphorylated
protein levels, suggesting that miR-124 may be a crucial modi-
fier of the PI3K/Akt signaling pathway, thereby resulting in
the suppression of proliferation and tumorgenicity of HCC
cells (188). According to Cao et al (36), miR-124 controls the
NF-«B signaling pathway, which prevents HCC from prolif-
erating and migrating. The researchers discovered that the
overexpression of miR-124 in HCC was linked to a significant
decrease in the protein level of p-p65, p-nuclear factor of light
polypeptide gene enhancer in B-cells inhibitor and c-Myc.
By contrast, the downregulation of miR-124 suppressed the
expression level of p-p65, c-Myc and p-IkBa in HCC (36).
TNF receptor associated factor (TRAFO) is a critical player
in the NF-«kB signaling pathway, in addition to being triggered
by various stimuli, such as DNA damage. The expression and
activity of TRAF6 are closely controlled (189,190). A dual-lucif-
erase reporter assay conducted by Xie et al (191) revealed that
the upregulated expression of miR-124 markedly suppressed
the activity of Firefly luciferase with the TRAF6-3'-UTR, thus
inhibiting the expression of TRAFG6, resulting in the inhibition
of the DNA damage-activated NF-«kB signaling pathway and
in the enhancement of tumor chemosensitivity in HCC. The
aforementioned studies on the miR-124/TRAF6/NF-«kB axis
illustrate that the combined targeting of the NF-«xB signaling
pathway may provide a possible approach for HCC therapy.

Endometrial cancer (EC).Lv et al (192) revealed that the over-
expression of miR-124 markedly downregulated the protein
levels of p-PI3K and p-AKT in endometrial cancer cells.
Further evidence that the intergenic non-protein encoding
RNA, regulator of reprogramming, was responsible for the
activation of the PI3K/Akt signaling pathway in carcinoma of
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the endometrium was provided by the considerable increase
in the expression levels of these proteins when miR-124 was
inhibited. Previous research has demonstrated that miR-124
controls the development of various targets in endometrial
cancer. Li ef al demonstrated that miR-124 directly targeted
STAT?3 or indirectly inhibited the phosphorylation of STAT6
by targeting IL-3R, thereby inhibiting the proliferation migra-
tion and invasion of EC cells (193). A recent study suggested
that miR-124-3p is a downstream molecule of NEAT1 and
is negatively regulated by it; thus, the silencing of NEAT1
may inhibit EC endometrial stromal cell proliferation,
migration and invasion and promote apoptosis by targeting
miR-124-3p (194).

GC. It has been reported that JAGI and COL4A]I are direct
targets of miR-124 in GC (195). Furthermore, the expression
of JAGI and the Notch signaling pathway have been found
to be inhibited. By contrast, the suppression of miR-124 has
been shown to lead to an increased JAGI expression and
improve Notch signaling pathway. Importantly, blocking
Notch signaling results in the amplification of miR-124
expression (196). By contrast, epidermal ectopic activation
of Notch signaling could repress miR-124 expression (196).
Xiao et al (197) discovered that miR-124 suppressed the
function of the Notch signaling pathway in order to target
the JAGI gene, thus suppressing the invasion, migration and
proliferation of GC cells. These findings demonstrated that the
miR-124/Notch axis that may have therapeutic potential in GC
by functioning as a tumor inhibitor throughout the development
of GC and by interacting with the Notch signaling pathway.
Furthermore, Zheng et al (198) revealed that miR-124 overex-
pression suppressed the expression of p-PI3K and p-AKT in
GC cells, resulting in the repression of cell proliferation and
the promotion of cell apoptosis in GC.

Prostate cancer. Wu et al (199) demonstrated that the
decreased expression of miR-124 reduced the G,/G, phase
ratio, inhibited cell apoptosis, and promoted the expression of
STAT3, p-STATS3, cyclin D1 and Bcl-2, as well as the ratio of
the S and G,/M phases in prostate cancer. The overexpression
of miR-124 attenuated clonal formation, cell invasion, the ratio
of S and G,/M phase and cell apoptosis, and also enhance the
G,/G, phase ratio in prostate cancer. This finding suggested
that miR-124 downregulation induced the upregulation of
STAT3 expression and facilitated prostate cancer initiation,
while miR-124 overexpression decreased prostate cancer
proliferation, invasion and resistance to apoptosis via the
JAK-STAT3 signaling pathway (199). Taken together, these
data suggest that miR-124 may become a novel therapeutic
target and biomarker for prostate cancer in the future.

5. Underlying clinical applications of miR-124 in human
cancer

The early diagnosis of cancer is a difficult task, and thus the
loss of the optimal opportunity for curative surgery leads to
low survival rates (88). Specific tumor biomarkers that reflect
the molecular differences related to cancer, which has a great
utility for early detection, are essential, and may be valuable
for selecting the most effective treatment options and obtaining

vital therapeutic time for patients with cancer. Prognostic
indicators may be useful in clinical practice for predicting
the clinical prognosis of patients with cancer who have not
yet received therapy. Previous studies have shown that the
expression profiles of miRNAs can predict the development
of cancer or the differentiation of cancer subtypes. However,
due to the uncertainty of the molecular functions of miRNAs,
it is difficult to precisely predict the development of cancer.
Generally, ideal and convenient biomarkers should have some
typical and crucial qualities. Previous studies have revealed
that miR-124 is strongly associated with a variety of biological
functions in cancer cells, and may also function as a possible
diagnostic biomarker and therapeutic target in human cancer
in the future (46,200,201).

Bladder cancer. Patients with bladder cancer are divided into
two distinct categories: One with high levels of expression and
one with low levels of expression based on the average level of
miR-124 expression. It has been shown that bladder cancers
with lymph node metastasis (LNM) and advanced-stage
cancers clinically have a lower expression of miR-124 (202).
In addition, patients with bladder cancer with a low expression
of miR-124 exhibit a shorter OS time than those with miR-124
overexpression (37). As shown by Xie et al (99), the OS has
been shown to be worse in patients with a low miR-124 expres-
sion than in those with a high miR-124 expression.

CRC. Previous studies have shown that miR-124 expression
is significantly downregulated in CRC compared to normal
mucosa and that the downregulated expression of miR-124
is significantly associated with a poorer prognosis (98).
Chen et al (96) suggested that miR-124 may be a valuable
marker for CRC prognosis. According to Gao et al (203), the
pri-miR-124 rs531564 polymorphism was significantly linked
to a lower incidence of CRC. They demonstrated a strong
correlation between differentiation status and LNM in patients
with CRC and the pri-miR-124 rs531564 polymorphism.

HCC. Long et al (204) evaluated the level of miR-124 expres-
sion in HCC samples and cell lines. Their results revealed that
HCC samples and cell lines had a downregulated expression
of miR-124. The number of foci and tumor width were higher
in individuals with a lower expression of miR-124, according
to the authors' investigation into the association between the
expression of miR-124 and the clinicopathological charac-
teristics of patients with HCC. Furthermore, Kaplan-Meier
survival analysis observed that decreased miR-124 expres-
sion was notably associated with shorter a DFS and OS. Cox
regression analysis demonstrated that a downregulated expres-
sion of miR-124 was associated with a poor prognosis (204).
The results of a Cox regression model employing multivariate
analysis revealed that the findings for the prognosis of reduced
expression, clinicopathological features (tumor length 5 centi-
meters), or amount of lesions (plural) were worse than those
from univariate analysis (204). A low miR-124 expression and
a high tumor size (5 cm) have also been linked to a reduc-
tion in OS and DFS (204). This proved that a key therapeutic
approach for the care of patients with late-stage HCC may
include producing larger amounts of miR-124 in cells. Another
potential new and significant tumor marker is miR-124.
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Osteosarcoma. Cong et al (205) detected the expression of
blood miR-124 in 114 individuals suffering from osteosar-
coma, 40 individuals with periostitis and 50 normal controls;
they found that patients with the tumor had substantially lower
levels of miR-124 expression than patients with periostitis and
normal controls. Furthermore, a receiver operating charac-
teristic curve analysis with an area under the curve of 0.846
suggested that blood miR-124 levels may serve as an under-
lying biomarker for separating patients with osteosarcoma
from healthy controls. In addition, the specificity and sensi-
tivity were 86.0 and 79.8%, respectively. The expression level
of serum miR-124 was highly associated with clinical stage
and distant metastasis, whereas it was not associated with age,
sex, tumor site, tumor diameter or tumor grade (205). Patients
with stage III disease had considerably lower serum levels of
miR-124 than those with stage II disease. Similar to this, blood
miR-124 levels were noticeably lower in patients with posi-
tive distant metastasis than they were in individuals without
metastasis. According to the results of Kaplan-Meier analysis
and the log-rank test, individuals with osteosarcoma who had
a high serum expression of miR-124 had substantially longer
survival times than those who had a low miR-124 expression.
Individuals with osteosarcoma in the low blood miR-124
expression group had a poorer DFS compared to those in
the high serum miR-124 expression group. Multivariate Cox
proportional hazards model analysis identified that clinical
stage, distant metastasis and expression of serum miR-124
were independent prognostic factors for OS and DFS (205). In
summary, the aforementioned data demonstrated that miR-124
may be utilized as a diagnostic and prognostic biomarker for
osteosarcoma.

Glioma. The majority of human malignant central nervous
system tumors are gliomas (3). Almost 20,000 new
glioma cases are diagnosed in the USA each year (206).
Chen et al (207) revealed that the miR-124 expression level
was considerably reduced in glioma tissues. Moreover, the
miR-124 expression level in glioma tissues from high-grade
tumors (grade III and I'V) was much lower than that of glioma
tissues from low-grade tumors (grade I and II). In addition, the
miR-124 expression level exhibited a positive correlation with
the Karnofsky performance scale scores of glioma tissues.
Kaplan-Meier analysis and the log-rank test demonstrated that
the OS and progression-free survival of patients with glioma
with a low expression of miR-124 was markedly shorter than
those of patients with miR-124 overexpression. The results of
univariate and multivariate analyses revealed that the down-
regulated expression of miR-124 and an advanced histological
grade were independent prognostic parameters that indicated
a worse prognosis for patients with glioma (207). Thus, these
findings indicated that miR-124 expression played a critical
role in the progression of tumors; thus, it may be applied as a
novel potential biomarker for evaluating clinical prognosis. At
present, the greatest obstacles to cancer treatment are a delay
in diagnosis, recurrence and metastasis.

Thus, finding ideal cancer biomarkers is crucial to
improving the early diagnosis rate. The aforementioned find-
ings indicate that miR-124 may be used as a potential marker
for the diagnosis of multiple cancer types. However, the
precise molecular mechanisms by which miR-124 functions
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in several types of cancer remain unclear. Therefore, the func-
tion of miR-124 in cancer needs to be further investigated and
confirmed, particularly in clinical applications.

Since miRNAs can inhibit tumor development through a
variety of mechanisms, the notion of treating tumors through
miRNAs was born (164,208-212). In addition to its role in
diagnosis and prognosis as a potential marker for cancer,
miR-124 can make tumors more sensitive to treatment through
different targets, thereby improving patient survival. For
example, miR-124 can reverse radioresistance in esophageal
cancer radiotherapy by targeting CDK4 to increase cancer
cell sensitivity to radiation, and also plays a role in immu-
notherapy (213,214). It has been demonstrated that miR-124
not only reverses the resistance of BC stem cells to DOX by
targeting STAT3 to control the hypoxia-inducible factor-1
signaling pathway (67), but also increases the sensitivity
of BC cells to adriamycin by reducing DNA strand-break
repair (215). A previous study inferred that miR-124
inhibited the expression of EphA2, which was beneficial
for attenuating K-RAS mutation-mediated resistance to
erlotinib in pancreatic cancer (216). In retinoblastoma, the
miR-124/c-Myc axis exerts an oncogenic effect on disease
progression, suggesting that miR-124 may be a promising
therapeutic target (217). A previous study demonstrated that
bio-carrier neural stem cell-derived exosomes (NSC-EXOs)
loaded with miR-124-3p suppressed glioma growth via the
EXO-miR-124-3p/FLOT2/AKTI1 pathway, thus providing a
possible measure for glioma treatment (218). miR-124 should
be explored for the reversal of drug resistance in tumor treat-
ments in the future.

6. Future prospects

The development of several innovative therapeutic strategies
may result from a better knowledge of miR-124's function in
the treatment of cancer. Hence, further studies on miRNA
are required. According to previous research, in BC, bladder
cancer, HCC, CRC, and lung, ovarian and prostate cancer
cell lines, miR-124 expression is downregulated. In addition,
miR-124 can prevent certain cancer cell types from migrating
and proliferating. Furthermore, an abnormal miR-124 expres-
sion in cancer has been reported to be significantly associated
with diagnosis, prognosis, tumorigenesis and metastasis via
signaling pathways. Various studies have confirmed that
miR-124 may be a potential target for cancer diagnosis and
may function as a novel cancer therapeutic target or biomarker.
Nevertheless, the clinical usefulness of miR-124 remains
unknown, and the understanding of its biological functions
is only partial. Consequently, further research on miRNAs is
required (Fig. 4).

Extracellular vesicles (EVs) refers to a group of organ-
elles with lipid bilayer membranes that are released from
cells into the environment (219). It has been reported that
a number of cargos are transferred across cells via EVs
(191,193). More importantly, the cells of origin can be
affected by the cargo of EVs. Previous studies have suggested
that, compared with parental cells, exosomes carry different
types of RNA (220-222). Unprotected ncRNAs in the blood
are known to be susceptible to degradation by blood RNases.
Nevertheless, EVs prevent the degradation of ncRNAs,
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Figure 4. Future application prospects of miR-124. miR-124 can enter the cell through exosomes and can target the mRNA transcribed by oncogenes, resulting
in its translation repression and degradation. Moreover, it can also act as the guiding RNA of CRISPR-Cas9, directly cut and knock out oncogenes. Both
pathways can be therapeutic for cancer (245,253). miR, microRNA. Some of the elements in the figure were derived from Servier Medical Art (Web site:

https://smart.servier.com/) and publication permission was obtained.

and therefore maintain their activity and integrity in the
circulation. miRNAs are considered to be gene expression
regulators, since they can bind to mRNAs directly and
subsequently suppress the translation or degradation of target
mRNAs, thus inhibiting the progression and development of
tumors (223,224). It has been suggested that EV-miRNAs
establish a bridge between the tumor microenvironment and
cancer cells, meaning that EV-miRNAs play vital roles in
both the tumor microenvironment and cancer cells (225).
miRNAs are carefully packaged in EVs and sent to nearby or
distant recipient cells in order to modify their gene expression.
For example, in various solid cancer types, the let-7 miRNA
family is secreted via EVs and is downregulated (226),
which also functioned as targeting oncogenes, including high
mobility group A2 and RAS (227), and tumor suppressor
genes. Metastatic GC cells can reduce their intracellular
antitumor ability to maintain their invasive and tumorigenic
behavior, which is achieved by EVs secreting the tumor
suppressor let-7 miRNA into the extracellular space (226).
Kanlikilicer et al (228) demonstrated that ovarian cancer
cells released the EV-miRNA miR-6126, which enhanced
their capacity to metastasize by directly targeting integrin-1,
a crucial regulator of cancer cell metastasis. It has also
been shown that EVs produced by CRC promote immune
escape via the upregulation of PD-L1 in TAMs, and by
inducing macrophage M2 polarization via miR-21-5p and
miR-200a, suggesting that EVs and miRNAs may serve as
novel targets for CRC immunotherapy (229). In addition,
in prostate cancer, miRNAs have been shown to inhibit the
production of EVs by targeting genes associated with EV
secretion, thereby mediating tumor suppression, which has
led to new hypotheses for prostate cancer treatment (230).
Overall, these findings demonstrated that EV-miRNAs can
serve as miRNAs with either oncogenic or tumor suppressor
roles, and that understanding these mechanisms may help to

develop new systems that regulate the sorting of EV-miRNAs
to reduce their effects on the development of cancer. It may be
helpful to identify and alter the composition of cancer EVs to
develop novel diagnostic, preventative and therapeutic strate-
gies with perhaps less intrusive techniques. As such, miR-124
appears to pay a vital role in cancer diagnosis, prevention and
treatment, and its expression level can be upregulated by the
administration of exosomal miR-124.

As a versatile editing tool, clustered regularly inter-
spaced short palindromic repeats (CRISPR)-Cas9-mediated
genome editing technology has attracted extensive attention
worldwide (231-233). Single guide RNA (sgRNA) and DNA
endonuclease Cas9 form the CRISPR-Cas9 system, and Cas9
and sgRNA conduct site-specific cleavage of double stranded
DNA by guiding Cas9 to a specific DNA sequence (234). It
has been demonstrated that CRISPR-Cas9 is promising for
cancer treatment (235). For instance, CRISPR-Cas9-mediated
CD133 deletion can prevent colon cancer invasion by
lowering EMT as a possible CSC marker (236). Notably,
Zhou et al (237) used the CRISPR/Cas9 method to success-
fully knockdown miR-3188 in an HCC cell line. As it
efficiently inhibited the proliferation, invasion and migration
of nude mice cells, as well as the development of xenograft
tumors, it was observed that the CRISPR/Cas9 system played
a key role in the editing and control of miRNA-related
genomes. It has been shown that miR-124 downregulation
inhibits tumor invasion and migration (238), suggesting that,
in the future, CRISPR-Cas9 may be used to downregulate
miR-124 and thus control tumor development. Moreover, due
to its precision, effectiveness, simplicity and adaptability,
CRISPR/Cas9, as an effective genomic engineering tool,
has played a vital role in treating various diseases (239). For
example, Huo et al (240) disrupted the precursor miRNA
sequence using CRISPR/Cas9, and ovarian cancer cell
invasion, migration and proliferation were decreased once
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miR-21 expression was suppressed. The efficacy of cancer
therapy is increased by the use of CRISPR/Cas9 gene editing
technologies. To better elucidate the function of miR-124
and related therapeutic interventions, the authors aim to use
CRISPR technology for miR-124 editing in future studies,
with the aim of reducing the delivery failure rate of the
CRISPR/Cas system in cancer cells through the combination
of components.

7. Conclusion

The present review had certain strengths and limitations.
The present review described current research on miR-R124
in various tumors. By summarizing these studies, the targets
of action of miR-124 that are currently being studied were
discussed. In addition to this, the current regulatory mecha-
nisms of miR-124 in tumors were elaborated in-depth, and
found the five most studied pathways (as described above)
were summarized. Finally, by summarizing the current and
future clinical applications of miR-124, it can be concluded
that miR-124 is expected to be a potential marker and target
for adjuvant therapy in cancer. However, due to the limited
information available from miR-124 studies in tumors, many
of which are still in the preliminary stage, further studies are
required in the future.

miRNAs may have an impact on the etiology of malignan-
cies. miRNAs inhibit the expression of tumor suppressors and
oncogenes (241). miR-124 is abnormally expressed in various
malignant tumors, including HCC, BC, NSCLC, CRC and
bladder, ovarian and prostate cancer. The miR-124 expression
level was confirmed to be similar in various cancer types.
Furthermore, previous research (as discussed above) has
revealed that miR-124 is linked to OS, LNM, DFS, clinical
stage and distant metastasis, and can function as a tumor
suppressor. The growth, migration, spread and death of the
aforementioned cancer types may be controlled by miR-124.
The characterization of specific alterations of miR-124
expression in cancer has potential for identifying biomarkers
for cancer detection in the early stages, and for therapeutic
intervention during cancer treatment. Previous studies have
shown that miR-124 can control molecular pathways, such as
the JAK/STAT signaling pathway, which is associated with
tumor growth and development.

In conclusion, the present review addresses the mecha-
nisms through which miR-124 controls cancer cell migration,
proliferation, invasion and death by inhibiting the expression
of oncogenic mRNAs, as well as the importance of miR-124
and its target genes in diverse malignancies. However,
further investigations are required to elucidate the molecular
mechanisms of miR-124 in additional human malignancies.
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