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Abstract. MicroRNA (miRNA/miR)-100 is a crucial
tumor-suppressive miRNA that serves a pivotal role in the
initiation and progression of various malignancies. miR-100
regulates cancer cell proliferation, migration, invasion and
apoptosis by targeting oncogenes, and acts as a molecular
sponge to regulate long non-coding RNAs and circular RNAs,
thereby influencing processes such as glycolysis, autophagy
and resistance to chemotherapy/radiotherapy. Furthermore,
miR-100 suppresses tumor progression by modulating
key signaling pathways, including the PI3K/AKT and
Wnt/B-catenin signaling pathways. miR-100 exhibits potential
for early cancer diagnosis, particularly in cancer types such as
gastric and lung cancer, where it can serve as a non-invasive
biomarker for early screening. As a therapeutic target,
restoring miR-100 expression can enhance the efficacy of
chemotherapy or targeted therapy, thereby improving patient
prognosis. Although challenges remain in its clinical applica-
tion, including delivery systems and safety concerns, ongoing
research suggests that miR-100 holds promise for personalized
treatment and early diagnosis. Given that cancer remains a
global health challenge, research on miR-100 provides hope
for cancer therapy, particularly in China, where the mortality
rates of malignancies such as gastric, lung and liver cancer
continue to rise, further emphasizing its potential for clinical
translation.
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1. Introduction

Despite progress in cancer prevention, early detection and
treatment, cancer remains a major unresolved global medical
challenge (1,2). In 2020, the leading causes of cancer-related
deaths in China included lung cancer, liver cancer, gastric
cancer (GC), breast cancer (BC) and colorectal cancer (CRC),
with liver cancer mortality rising from third place in 2018 to
second place in 2020 (3). Globally, cancer incidence continues
to rise, placing increasing pressure on public health systems
and healthcare infrastructure (4). The initiation and progres-
sion of malignancies are primarily driven by dysregulation
of gene expression, especially within critical regulatory path-
ways involving cell proliferation, survival and apoptosis (5).
Although there has been some advancement in understanding
these molecular mechanisms, the complexity and heterogeneity
of cancer still pose major challenges for effective treatment.
In this context, non-coding RNAs (ncRNAs), including
microRNAs (miRNAs/miRs), long non-coding RNAs
(IncRNAs) and circular RNAs (circRNAs), have gained wide-
spread attention due to their crucial roles in gene expression
regulation and modulation of tumor behavior (6). Among
ncRNA molecules, miRNAs are the most extensively studied.
They serve crucial roles in regulating key biological processes
in cancer, including cell proliferation, apoptosis, migration
and invasion (7,8). Initially considered ‘transcriptional noise’
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or ‘junk DNA’, ncRNAs, including miRNAs, have now been
proven to be essential for numerous cellular processes and
diseases, particularly cancer (9). Among these miRNAs,
miR-100 is involved in the biological processes of multiple
cancer types (10).

miR-100 (MI0000102), located on human chromosome 11
[chrl11:122152229-122152308(-)], is part of the let-7-C gene
cluster. This miRNA has two mature forms, hsa-miR-100-5p
and hsa-miR-100-3p, which are derived from the 5' and
3'arms of the precursor miR-100, respectively (10). miR-100
is frequently dysregulated in cancer and has been shown to
act as a tumor suppressor in various malignancies, including
ovarian cancer (OC), prostate cancer (PCa), thyroid cancer
(TC), bladder cancer and GC (10-14). miR-100 inhibits cancer
cell proliferation, migration and invasion, while promoting
apoptosis by targeting multiple genes involved in these
processes (11-15). For example, Zhang et al (11) showed that
miR-100 inhibited the proliferation and cell cycle of FTC-133
cells by targeting RB protein serine phosphatase from chro-
mosome 3 (RBSP3). Additionally, miR-100 has been identified
as a key regulator of the cancer cell response to chemotherapy
and radiotherapy, enhancing the chemosensitivity and radio-
sensitivity of CRC, lung cancer, and head and neck squamous
cell carcinoma (15,16).

miR-100 exerts its effects by targeting the 3'untranslated
regions (UTRs) of various key genes involved in growth
signaling and stress responses. For example, miR-100 has
been shown to directly regulate the mTOR pathway, a critical
signaling axis involved in cell metabolism, proliferation and
survival (17). By downregulating key genes such as insulin-like
growth factor 1 receptor (IGFIR), fibroblast growth factor
receptor 3 (FGFR3) and polo-like kinase 1 (PLK1), miR-100
regulates cell cycle progression, autophagy and chemotherapy
resistance (10,17). Furthermore, miR-100 influences the
tumor microenvironment through interactions with IncRNAs
and circRNAs (10). These RNA molecules act as molecular
sponges, regulating multiple cellular processes, including
glycolysis, oxidative stress and tumor progression (18).
Through its effects on these pathways, miR-100 has emerged
as a promising therapeutic target in cancer treatment, espe-
cially for overcoming chemotherapy resistance and improving
the efficacy of traditional therapies (10).

In addition to its role in malignancies, miR-100 is also
associated with a variety of non-cancerous diseases. The
expression levels of miR-100 are elevated in conditions such
as hypertrophic cardiomyopathy, type 1 and type 2 diabetes,
osteoporosis, and osteoarthritis (19-22). Furthermore, miR-100
has been shown to regulate apoptosis in different cell types,
including retinal pigment epithelial cells, and serves a crucial
role in normal cellular functions, including embryo implanta-
tion and germ cell proliferation (23-26). These findings further
highlight the diverse biological roles of miR-100 and its poten-
tial as a therapeutic target, with applications not only in cancer
but also in other diseases.

In conclusion, miR-100 represents a promising biomarker
for cancer diagnosis, prognosis and treatment. Its multifac-
eted role in regulating critical signaling pathways related to
tumorigenesis, therapeutic resistance and cancer progression
underscores its potential as a target for precision medicine.
Further research into the molecular mechanisms underlying

the functions of miR-100 will provide deeper insights into its
therapeutic applications and may lead to the development of
novel RNA-based cancer therapies, as well as its use in other
diseases.

2. Molecular mechanisms of miR-100 in cancer

miR-100 was first identified in Drosophila in 2003 and is
derived from the let-7-C gene cluster (27). miR-100 is located
on the distal fragile site FRA11F of the 11q13 amplifica-
tion region on human chromosome 11 (28). In numerous
malignancies, miR-100 regulates tumor cell proliferation,
migration and invasion by targeting the 3'-UTR of its target
genes (29). The specific mechanism by which miR-100
regulates gene expression involves post-transcriptional
modulation through base pairing of its seed sequence with
the 3'-UTR of target mRNAs. miR-100 is initially tran-
scribed in the nucleus by RNA polymerase II as primary
miRNA, which is subsequently processed by the Drosha and
Dicer enzymes into mature miRNA. These mature miRNAs
are incorporated into the RNA-induced silencing complex
(RISC). Within the RISC, miR-100 utilizes its seed sequence
to bind highly complementarily to target mRNAs, resulting
in either mRNA degradation or translational repression. This
regulatory mechanism effectively controls protein expression
levels and influences various cellular processes (Fig. 1A) (29).
For instance, miR-100 inhibits the migration and invasion
of renal cancer cells by downregulating NADPH oxidase 4
(NOX4) (30) and acts as a tumor suppressor in CRC by
suppressing leucine rich repeat containing G protein-coupled
receptor 5 (LGRS) expression (31). Additionally, the
online databases ENCORI (https://rnasysu.com/encori/),
miRDB (https://mirdb.org/), TargetScan (https://www.
targetscan.org/vert_80/), Diana-TarBase (https://diana.imis.
athena-innovation.gr/) and miRTarBase (https:/mirtarbase.
cuhk.edu.cn/) predicted 385 downstream target genes
targeted by miR-100 (Fig. 1B). Accumulating evidence
suggests that miR-100 serves a critical role in the molecular
regulation of various cancer types and serves as an important
regulator in tumor biology (29-32).

3. miR-100 as a molecular sponge in the competing
endogenous RNA (ceRNA) network

The ceRNA network regulates the interaction of transcripts
post-transcriptionally through the competition of shared
miRNAs. The ceRNA network functionally connects mRNA
encoding proteins with ncRNAs, including miRNAs, IncRNAs,
pseudogenes and circRNAs (32). Studies have shown that
miRNAs often act as molecular sponges for IncRNAs and
circRNAs within the ceRNA network, thereby regulating the
transcription or degradation of protein-coding genes. This
regulation affects various biological processes, including cell
proliferation, migration, invasion, angiogenesis, autophagy
and drug resistance (32-35).

For example, the upregulation of IncRNA HAGLROS
activates the PI3K/AKT/mTOR pathway through the
miR-100/autophagy related 14 axis, promoting the progres-
sion of nasopharyngeal carcinoma (NPC) (36). Additionally,
IncRNA HAGLROS inhibits miR-100 and upregulates SNF2
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FAM161A ANTXR1 SH3BP4 STMN3 ADAMTS5 LIF FKBPS TTC38 TMEM135 MGLL TAOK1 CTDSPL  NOL9 GMPS PIK3R3 FGFR3 MEF2D ADAM19  ZDHHC18
WDR55 EFNA1 SYNCRIP CHST3 SNX9 IGF2 HIPK2 TIMM10B CLDN4 ST14 TACC1 PPM1H FAM102A SMARCD1 MTAP MYCBP2 AMMECR1 BAG5 HES7
CEP170B MAN2A2  CDYL2 SPN SRCIN1 COX10 RNF213 ZNF784 DDXx49 PPFIA3 TTC30A RMNDSA  ACKR3 STK35 HLCS PIK3IP1 SMARCAS RBSN ST5
SLC33A1 THAP2 ACVR2B CASZ1 GFM1 TTC39A CPEB2 ETV3 KIAA1191 SMPDL3B NDST1 ATP2B4 TSPYL4 PPIF TULP4 SLC43A3 ZNF786 APIS SRRM3
SCNN1A  SULF1 E2F7 Ciz1 RAP1B ZNF483 RASA3 ATP11C ABHD4 RASA2 ZNF106 IGF1R TLDC1 INOSOE STATSB HS3ST3B1 RPTOR BSG MAU2
ZNF845 FAM126B TMEM87B PPP1R7 PANK2 ICOSLG MFNG MTOR ANKRD28 PPP1CB PHC3 BMPR2 NKTR E2F2 SLC26A1 RAB3B PCDH7 OPN3 DBN1
ZFYVE9 TTC1 DESI2 RNF144B TSPAN14 HOXA1 SYT7 TTYH3 RNF121 STMP1 SENP1 TRIB1 ATP2B1 PTGES PTPN11 UGCG GPR180 WWC3 SSTR1
SMAD7 TLE3 AXIN1 DBNDD1 ADGRG1 MBTD1 GID4 LPIN2 ARID3A TBCB MYADM RAPH1 INHBB C200rf194 CDS2 FP565260.3 CSNK1E ~ FZD8 SATB1
NXF1 XXYLT1 ZNRF2 ZNF197 RUNX3 LRPAP1 HENMT1 KLF3 SKI PAPD7 PCSK9 TSPAN17 UPF2 UHRF1BP1 IFIT2 HIP1 ALDH3B2 RAC1 USP35
DNAJB6 KMT2D FAM219A NT5DC3 FNBP1 SuUDS3 ZNF618 ATP11A ZFX PLEKHH1 VWAS3B EDC3 CLCN7 RAB11FIP3 WWP2 MIS12 EPN2 NPC1 SPPL2B
CAPNS1 NLRP2 AP1S3 PLEKHB2 NOL4L INSM1 DYRK1A  RTL6 RASGRP3 LRRFIP2 SLC44A1 JAGN1 AGO2 FLNB MTF1 HNRNPDL PRKAB2 AP1AR CAMTA1
OTULIN RAVER2  TRIM41 NEBL SRSF3 ZNF518A  CDK6 ORAOV1  C7orf26 ANKRD49 RUNX1T1 RHEBL1 FANCC C120rf73  SETX SETD1B NUP188 FOXA1 TSPYL2
PAPLN CD93 MINDY2 RRN3 JPT2 GAS8 PIMREG NF1 HDHD2 MAP2K7  ZNF793 HS1BP3 HDLBP EPC2 RIMS4 ENTPD6 ETS2 EPDR1 CELSR1
CLDN11 CDC25A RRAGD CAND2 FZD5 PLXNA1 MYCBP coQ2 GATAD2B CMBL SPEN C5orf22 DNAJB4 Céorf106 HNRNPF  NFYA PDCD11 IMPDH1 DCUN1D5
PPIA UBE4A NIPAL2 ANKRD52 CDK5RAP2 KCTD10 INPPSE AACS PRRC2B  RAB15 MTMR1 FLVCR2 EMR2 IREB2 GDE1 FAHD1 RFLNB ACADVL  NMT1
ZADH2 ZNF317 ZNF155 CALM2 GRHL1 FZD7 PREX1 EPB41L1  PKNOX1 HS3ST2 CCDC117 TRIB2 IP6K1 ZZEF1 PLCL2 ATP6AP1 U2SURP  HIVEP3 PPP3CA
SLC39A1 PRELID2 SZRD1 NPR3 LRRC8B TRAM2 DLGS PRDM1 EDRF1 PODXL SLC35F2 ADCY1 CBL ZFAT BAZ2A NR6A1 POLE NPDC1 RCBTB1
RABL6 DCAF5 NOX4 KLC1 AKAP13 GTF3C1 ZNF75A P2RX5 FGF11 TBKBP1 RNMT SLC44A2 ZNF226 FBXO11 FOSL2 COPS7B  LAMAS DNAJCS PDXK
KBTBD8 MTMR3 ZBTB7A FOXP1 CYP26B1 TRIM71 ICMT MBNL1 FOXJ3 ELOVL6 SHC1 RBM22 CEP85 TNFAIP8  RAP1A TMEM30A WDR37 FOXO03 CHID1
ZC3HAV1 TMPRSS13 AUTS2 SORL1 NEIL2 CTDSP2 ST6GALNAGCBOLGA3  VLDLR ATP7B NUP62CL WARS ETFDH AL139300.1 ABHD2 ZNF19 EEF2K CXCL16 KDM6B
SAP30BP MBD3 SMARCA4 SAE1 PPP4R3B

Figure 1. Targeting mechanism and downstream targets of miR-100 in cancer. (A) Mechanisms of miRNA-mediated regulation of mRNA. (B) Online database
prediction of proteins encoded by miR-100 downstream targets. dSRNA, double-stranded RNA; miR/miRNA, microRNA; UTR, untranslated region.

related chromatin remodeling ATPase 5 (SMARCAS),
enhancing the malignant phenotype of non-small cell lung
cancer (NSCLC) cells (37). Yang et al (38) found that
IncRNA HAGLROS, as a molecular sponge for miR-100,
regulated the expression of mTOR and zinc and ring
finger 2, thereby affecting the mTOR signaling pathway
in OC, making it a potential biomarker for early diagnosis
and prognosis. Shu et al (39) demonstrated that in diffuse

large B-cell lymphoma, IncRNA HAGLROS promoted
tumor cell proliferation, migration and invasion by inhib-
iting miR-100. Similarly, IncRNA SDCBP2-ASI delays the
progression of OC through miR-100 targeting of ependymin
related 1 (40). Chen et al (41) found that IncRNA HAGLROS,
by competitively binding miR-100, activated the mTORC1
signaling pathway, inhibiting autophagy and promoting
excessive proliferation of GC cells, thereby maintaining their
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Figure 2. Interaction of miR-100 with IncRNAs and circRNAs. circRNA, circular RNA; IncRNA, long non-coding RNA; miR, microRNA.

malignant phenotype. Furthermore, Peng et al (42) reported
that IncRNA ZFASI regulated the m6A methyltransferase
METTL3 through miR-100, influencing autophagy and
tumor progression in NPC.

The targeting of miR-100 by IncRNAs is not limited to
autophagy. miR-100 has also been described as an important
diagnostic marker in cancer. For example, Le et al (43) found
that the plasma levels of IncRNA NCKI1-ASI were elevated in
patients with oral squamous cell carcinoma, and its expres-
sion was negatively associated with miR-100. Shi er al (44)
established the IncRNA DLEU2L-miR-100-5p-TAO kinase 1
ceRNA network and found that this network was associ-
ated with the prognosis of hepatocellular carcinoma (HCC),
suggesting it may serve as a foundation for clinical prognostic
models. Furthermore, Zhou et al (18) demonstrated that
IncRNA RAETI1K, through miR-100, activated hypoxia induc-
ible factor 1 subunit a and regulated glycolysis in HCC cells.

miR-100 is also involved in cancer stem cell-like proper-
ties and therapeutic resistance. For example, Bai er al (45)
found that IncRNA LINCO00589 regulated trastuzumab

resistance and multidrug resistance in BC through the
miR-100-discs large MAGUK scaffold protein 5 axis,
while miR-100, derived from IncRNA MIR100HG, medi-
ated resistance to anti-EGFR monoclonal antibody and
everolimus by activating the Wnt/B-catenin signaling
pathway (46).

miR-100 also functions as a sponge for circRNAs in
malignant tumors. For example, hsa_circ_0006168 serves
as a molecular sponge for miR-100 and promotes the prolif-
eration, migration and invasion of esophageal squamous cell
carcinoma (ESCC) by regulating mTOR (47). Yuan et al (48)
found that hsa_circ_0072309 enhanced autophagy and
temozolomide sensitivity in glioblastoma multiforme
(GBM) through miR-100. Additionally, CircCASC15 regu-
lates radioresistance in cervical cancer (CC) through the
miR-100/mTOR axis (49).

In conclusion, miR-100 acts as a molecular sponge for
both IncRNAs and circRNAs, serving a pivotal role in
tumorigenesis, progression and therapeutic resistance (Fig. 2;
Table I).



ld 2 SPANDIDOS
/) PUBLICATIONS

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 55: 67, 2025

"C 103uy Sull pue ouIZ ‘TIYINZ ‘1 9Seuly OV.L ‘IMOVL :§ 2Sed LV SUI[opowar unewoIyd paje[ar ZANS ‘SYOAVIAS
SYNRJOIOIW “Yrur <0 Jrunqgns | 103or) d[qronpul vIxodAy ‘v TH ¢1 pare[ar urwApuads ‘1 Ydd ‘S uraoid pjogjeds SINHVIA 231e] SOSIP ‘COT VN JB[NOII0 0110 $YNY sSnoua3opud Sunaduwod YN PO

(6%) SIXE JYO.LW/Q0[-YIW Y} BIA 9OUBISISAIOIPEI SAIB[NTY I90URD [BOIAIDD) SIDSVDOID 20T ‘Te 10 oex
60€¢L00

(8) 001-¥TW BIA AJIATIISUSS SpTwo[ozowa) pue ASeydoine saoueyuyg BUWO)SL[QOI[D) oIy esy 20T ‘v 12 ueng,

BUWOUIOIRD
[199 snowrenbs 8919000

(Ly) uoIseAur pue uoneisrur ‘uonerdjrjoid sjowoid 03 OOT-YIW BIA YO LW sore[nSoy [eeSeydosyg Tormo sy 610 ‘1P 12 1S
Kemyed SurfeuSis urudreo-gupn Ay I20UBd

(9%) Suneanoe AQ S[[99 I2OUED [8IOAIO[0I UI JDUB)SISAI qRUWIIXNIAD SIOUBYUD ()] -YIW PIALIP-DHOOT YTIN [819910[0D) OHOOTIIN L10T ‘v 32 ]

Q0UB)SISAI

(sp) Snip-pnw pue qewnzniser) SUIAJOAUI ‘SIXe GO TJ-00]-YIW Y} BIA OUL)SISAI SnIp S91e[n3oy IooueD Jsearg 68S00DNIT 70T ‘v 12 TRg
BUWIOUTOIRD

(81) SISK[00A]S a1e[n3ar 0) OO -YIW LIA V[ J[H SAILANOY Tepnjaooredoy JTLEVY 0TOT ‘[v }2 noyz,
BUWIOUIDIRD

((%7%) rwouIdIR) JR[nyeooiedoy yiim syuaned ur sisousold seje[n3ar pue a3uods e se s1oe Q- Ienyeooredoy Tend1d 120T ‘1P 12 YS
Io0URD 10 BUIOUTOIRD [[Q0

(¢p) ITeWOIq O1)SOUSEIP © st SUIAISS A[[eriuajod ‘)0 -qIW YIIMm PIJBIOOSSE A[OSIOAUL QI8 S[OAD] BWSE[] snowenbs 10 ISV-T3IDON 020Z ‘v 12 91
BUWIOUTOIRD

) uorssar3oid town) pue ASeydoine 1005Je 03 OOT-YIW BIA ¢TLIHIN 9SeIoJsuen[Aylow You saje[n3oy [easuAreydoseN 1SVAZ 720T ‘v 12 Sudd

(op) I90uRd ueLIRAO JO uorssaISold yueudiewr sAe[op 1Y AdH 2uoS 1931e) S) pue O [-YIW Jo uone[nsay I90UBD UBLIBAQ ISV-zd9Dds 120T ‘v 12 ']

uoneojrfoid 90

(1¥) Sunowouid pue ASeydone Surssaxddns [ DY O LW seIeAIOR pue Jurpuiq 00 [-Jruw 103 sajodwo)) JI90URD OLISED) 8107 ‘I 12 udayD
ewoydwA] [[90-g

(6£) uorssaxdxa oo -yYrw Juniqryur Aq uorssaidoid pue 39suo O Sunowoid a3re[ asnyiq 20T ‘Iv 12 nys

(8¢) SurreudIs YO LW 1095Je 03 00 -YIW BIA ZIINZ PUB JOLW sAe[n3ay I90UBD UBLIBAQ 610C ‘v 12 Suex
I9oued Jun|

(L¢) KdueuSiew aoueyud 0} GYIYVIAS sare[nsaidn pue o0 - sSiqryuy [[°0 [[eWs-UON 120T ‘P42 11
BUWIOUIOIRD

(9¢) uorssai3oxd rown syowold 03 Aemyred YOLW/ILMV/IEId oW SOIBANOY reo3ukreydoseN SOYTOVH 0202 ‘Jv 12 Sueyz

(s3od) WSTUBYOIW [01U0D) IOOUBD PIARIOOSSY VNI Ieak ‘s/zoyine ISI1{

“IOOUBD UI 9[0J SII PUB JI0MIAU YN0 (0 -JIW ‘T 9[qe],


https://www.spandidos-publications.com/10.3892/ijmm.2025.5508

6 ZHANG et al: miR-100: AN IMPORTANT INHIBITORY REGULATORY FACTOR IN MALIGNANT TUMORS

A

miR-100

1

FOXAI1

CDC25A
MTMR3

¥
9 2 =4 ([ 8
: L X Y
BC PCa GBM NPC ESCC NSCLC

A Overexpression

——— Inhibition

CXCR7 RAPIB IGFIR
mTOR LGR5
PLK1 SMRT

proraon

w o

HCC CRC PDAC ECCCOC

# D T el

Figure 3. Biological effects and molecular targets of miR-100 in various cancer types. ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia;
BC, breast cancer; CC, cervical cancer; CRC, colorectal cancer; EC, endometrial cancer; ESCC, esophageal squamous cell carcinoma; GBM, glioblastoma
multiforme; GC, gastric cancer; HCC, hepatocellular carcinoma; MCL, mantle cell lymphoma; miR, microRNA; NPC, nasopharyngeal carcinoma; NSCLC,
non-small cell lung cancer; OC, ovarian cancer; PCa, prostate cancer; PDAC, pancreatic ductal adenocarcinoma; TC, thyroid cancer.

4. Role of miR-100 in cancer development

The present review emphasizes the broad role of miR-100 in
the ceRNA network. Beyond acting as a molecular sponge
in the ceRNA axis, modulating cancer-related processes,
numerous studies have indicated that dysregulation of
miR-100 is strongly associated with the onset and progression
of various cancer types (Table II). Specifically, miR-100 serves
a central role in regulating key biological processes, including
cell proliferation, apoptosis, migration, invasion, metastasis
and cell cycle progression, by modulating the expression
of multiple downstream target genes in malignant tumor
cells (10,50). These findings provide compelling evidence for
the molecular mechanisms through which miR-100 influences
cancer biology. Related studies are summarized in Fig. 3 and
Table II, laying the foundation for further exploration of the
function of miR-100 in tumorigenesis.

Mantle cell lymphoma (MCL). MCL is an aggressive B-cell
lymphoma that accounts for 5-7% of malignant lymphomas
in Western Europe, with an annual incidence of 1-2 cases per

100,000 individuals in 2017 (51). The median age of onset is
65 years, with a male-to-female ratio of ~3:1 (51). Lin et al (52)
demonstrated that miR-100 is downregulated in MCL tissues
and cells, suggesting its potential role as a tumor suppressor.
Lin et al (52) revealed that miR-100 overexpression decreased
mTOR mRNA and protein levels, thereby inhibiting cell
proliferation, inducing apoptosis. Notably, mMTOR knockdown
can reverse these effects, confirming mTOR as a key down-
stream target of miR-100 (52). These findings underscore
the crucial role of miR-100 in MCL progression through the
modulation of the mTOR pathway, offering novel insights into
the molecular mechanisms and potential therapeutic strategies
for MCL.

Acute myeloid leukemia (AML). AML is a heterogeneous
hematologic malignancy characterized by the abnormal prolif-
eration of hematopoietic stem cells in the bone marrow (53).
Approximately 150-200 children aged 0-16 years are
diagnosed with AML annually in Japan (52). Sun et al (54)
demonstrated that miR-100 was highly expressed in clinical
samples and cell lines of adult AML, where it inhibited cell
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differentiation and promoted proliferation by targeting RBSP3.
The miR-100/RBSP3-retinoblastoma protein-E2F transcrip-
tion factor 1 signaling pathway is involved in the pathogenesis
of AML (54). Furthermore, miR-100 expression is elevated
in pediatric AML bone marrow and cell lines, and its inhi-
bition suppresses cell proliferation and induces apoptosis by
preventing ATM activation (55). These findings highlight the
pathogenic role of miR-100 in AML and suggest its potential
as a diagnostic and therapeutic target for this malignancy.

Acute lymphoblastic leukemia (ALL). ALL is the most
common pediatric malignancy, and characterized by
abnormal clonal proliferation of lymphocytes (56). Precursor
B-cells account for 80-85% of cases, with T-cells and mature
B-cells less frequently involved (56,57). Li et al (57) indi-
cated that miR-100 was downregulated in clinical tissues of
patients with ALL, and its low expression was associated
with poor 5-year overall survival (OS) rates. Further inves-
tigation revealed that overexpression of miR-100 inhibited
ALL cell proliferation and induced apoptosis by suppressing
FKBP prolyl isomerase 5 (FKBP51) and the IGFIR/mTOR
signaling pathway (57). These findings suggest a key role for
miR-100 in ALL and its potential as a therapeutic target to
improve patient prognosis.

GBM. GBM is the most common and aggressive primary
brain tumor in adults (58,59). Despite advances in treatment,
including maximal safe resection, radiotherapy and chemo-
therapy, the prognosis remains poor, with a median OS time of
14-20 months (58). Research has shown that miR-100 is down-
regulated in GBM cells. Overexpression of miR-100 reduces
cell viability and proliferation, inhibits tumor growth, and
suppresses SMARCAS and Erb-B3 receptor tyrosine kinase 3
activation (59). Additionally, Alrfaei et al (60) demonstrated
that miR-100 targeted nuclear receptor corepressor 2, reducing
tumor growth and extending survival in GBM animal models.
These results suggest that miR-100 may serve a critical role in
GBM progression and could be a potential therapeutic target
for improving survival outcomes.

NPC. NPC is a squamous cell carcinoma originating from
the nasopharyngeal epithelium (61). In 2018, ~129,079
new cases of NPC were diagnosed globally, resulting in
72,987 deaths (62). The development of NPC is influenced
by factors such as dietary habits, lifestyle, environmental
exposure, ethnicity and Epstein-Barr virus infection (61,62).
Peng et al (63) demonstrated that miR-100 was typically
downregulated in NPC tissues, and its expression was asso-
ciated with tumor malignancy. Overexpression of miR-100
leads to the downregulation of forkhead box Al (FOXA1)
and promotes the malignant invasion of NPC cells (63).
Additionally, He et al (64) confirmed that miR-100 inhibited
NPC cell growth and proliferation by targeting homeobox Al
(HOXA1), and exogenous miR-100 expression suppressed
xenograft tumor growth. Furthermore, Sun et al (65) reported
that miR-100 inhibited NPC cell migration and invasion by
targeting IGFIR, while Shi et al (66) found that high PLK1
expression in most NPC samples was associated with a higher
risk of recurrence, with miR-100 inhibiting tumor growth
through the regulation of PLKI.
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NSCLC. Lung cancer remains the leading cause of
cancer-related deaths in the United States, with ~247,270 new
cases reported in 2020, including 130,340 in men and 116,930
in women (67). In NSCLC, miR-100 is widely recognized as a
tumor suppressor (68,69). Liu ef al (68) indicated that miR-100
was downregulated in NSCLC tissues, and its reduced expres-
sion was closely associated with advanced clinical stage,
higher tumor grade and lymph node metastasis. Additionally,
low miR-100 expression may serve as a predictive marker for
poor prognosis in NSCLC. Mechanistically, miR-100 exerts
its tumor-suppressive effect by post-transcriptionally regu-
lating PLK1 expression (68). Han et al (69) further confirmed
that miR-100 inhibited NSCLC progression both in vitro
and in vivo by targeting HOXA1. The mechanism was that
miR-100 inhibited the activation of the Wnt/B-catenin pathway
by targeting HOXAI, thereby reducing cell migration,
invasion and proliferation (69).

ESCC.ESCC s the sixth leading cause of cancer-related deaths
globally, with ~544,000 deaths reported in 2020 (70). miR-100
is downregulated in ESCC and is closely related to lymph node
metastasis and increased invasiveness (71). Zhang et al (71)
have shown that miR-100 regulates the migration and inva-
sion of ESCC cells by targeting mTOR and suppressing the
expression of tumor-associated genes. Sun et al (72) further
confirmed the direct targeting relationship between miR-100
and mTOR. Zhou et al (73) found that miR-100 inhibited the
proliferation and tumor growth of esophageal cancer cells
by targeting chemokine (C-X-C motif) receptor 7 (CXCR7).
Additionally, in 120 ESCC tissue samples, low expression
levels of miR-100 were associated with advanced stage, distant
metastasis and deep invasion (74), highlighting its potential
as a diagnostic marker and therapeutic target for esophageal
cancer progression.

HCC. HCC is the most common type of primary liver cancer,
accounting for ~90% of liver cancer cases (75). The main risk
factors for HCC include chronic hepatitis B virus infection and
subsequent liver cirrhosis (75). Due to the lack of specific early
symptoms and diagnostic biomarkers, the majority of patients
are diagnosed at an advanced stage, with only 10-20% suit-
able for curative surgical resection, leading to a generally poor
prognosis (46). Studies have shown that miR-100 serves an
important tumor-suppressive role in HCC (76-79). Ge et al (77)
found that miR-100 inhibited HCC cell proliferation, invasion
and migration by targeting CXCR?7. Zhou et al (78) further
demonstrated that low miR-100 expression was associated
with blood vessel encapsulated tumor clusters (VETC), venous
invasion and microthrombosis in HCC tissues. In VETC-2 and
Hepal-6 mouse models, miR-100 expression inhibited VETC
formation, thereby reducing tumor metastasis. Furthermore,
miR-100 inhibits tumor growth by targeting mTOR and
blocking the mTOR-p70S6K signaling pathway, as well as by
regulating PLK1 to suppress angiopoietin 2 protein levels (79).

GC.GC is acommon malignancy globally, with its complexity
arising from the combination of environmental and genetic
factors (80,81). Age is a risk factor for GC, with a median
age at diagnosis of 70 years (80). Due to the asymptomatic
and non-specific nature of early-stage GC, most patients are
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diagnosed at an advanced stage, leading to poor prognosis (81).
Increasing research has focused on the molecular mechanisms
underlying GC. miR-100 has been found to be downregulated
in GC (81,82). Cao et al (82) found that miR-100 inhibited
the proliferation of GC cells by targeting CXCR7, and its
expression was closely associated with lymph node metastasis,
tumor size and stage. Furthermore, Chen et al (83) confirmed
the role of miR-100 as a tumor suppressor in GC progression,
highlighting its potential in molecular diagnostics and targeted
therapy. These studies provide key insights into the molecular
mechanisms of GC and lay the groundwork for exploring
novel therapeutic targets.

CRC. CRC is the third most common cancer worldwide and
the fourth leading cause of cancer-related deaths (84). Dietary
and lifestyle factors are considered major contributors to
the rising incidence of CRC (84). The incidence of newly
diagnosed CRC in China accounts for 49.3% of the global
total, while the related mortality represents 58.3% of global
CRC-related deaths (84,85). The 5-year relative survival rate
stands at 57% (84,85). Approximately 11% of CRC cases
present with metastasis (85). Preventive colonoscopy remains
the most effective strategy for CRC prevention (86). Previous
studies have highlighted non-invasive biomarkers, with
miR-100 emerging as a potential candidate for CRC diagnosis.
For example, Peng et al (87) found that miR-100 regulated
SW620 CRC cell proliferation and invasion by modulating
RAPIB expression. Similarly, Zhou et al (31) demonstrated
that miR-100 was downregulated in colon cancer tissues and
suppressed cell viability, proliferation, migration and invasion
by targeting LGRS5. Furthermore, Fujino er al (88) reported
that miR-100 was downregulated in early CRC and was closely
associated with lymph node metastasis. miR-100 inhibited the
activation of the Wnt/B-catenin signaling pathway by targeting
HOXAI, thereby reducing the migratory and invasive capa-
bilities of cancer cells. These findings underscore the critical
role of miR-100 in CRC pathogenesis and its potential as a
diagnostic and therapeutic target. Further exploration of the
mechanisms of miR-100 will provide deeper insights into the
molecular pathology of CRC and support the development of
early detection and personalized treatment strategies.

Pancreatic ductal adenocarcinoma (PDAC). PDAC is a
highly fatal malignancy and is expected to become the leading
cause of pancreatic cancer-related deaths in the U.S. by 2030.
Currently, ~90% of patients with PDAC are diagnosed at
advanced stages, with tumors often having spread beyond the
pancreas and >50% presenting with distant metastases (89).
Early diagnosis is crucial for improving prognosis (89). In the
past decade, advances in basic and translational research have
deepened the understanding of the biological processes under-
lying pancreatic cancer, which are gradually being applied
to improve diagnostic and therapeutic strategies (89,90).
Huang et al (91) found that miR-100 served a key role in PDAC
cell metastasis by regulating IGF1R. Dobre et al (92) further
validated this mechanism, supporting the involvement of
miR-100 in PDAC molecular pathology. These studies suggest
that miR-100 may serve as a potential biomarker for early
diagnosis and targeted therapy in PDAC, providing valuable
insights for clinical application.

Renal cell carcinoma (RCC). RCC is the third most common
cancer of the urinary system, accounting for 3% of cancers
in women and 5% in men, representing ~90% of all kidney
cancers (93). Approximately 400,000 new RCC cases are
reported annually worldwide (30,93,94). RCC is associated
with a poor prognosis, since ~30% of patients present with
metastasis at diagnosis, and another 30% develop metastasis
during follow-up (91,92). Research has shown that miR-100
inhibits RCC cell invasion and migration by downregulating
NOX4 expression (30). Additionally, Chen et al (95) found
that miR-100 was highly expressed in RCC tissues. miR-100
inhibited cell viability, promoted apoptosis, and inhibited
migration and invasion by inhibiting mTOR. These find-
ings highlight the dual role of miR-100 in RCC and suggest
its potential as a diagnostic, prognostic and therapeutic
target. Further investigation of the molecular mechanisms
of miR-100 will provide valuable insights for personalized
treatment strategies in RCC.

PCa. PCa is one of the most common malignancies world-
wide and a leading cause of cancer-related death (96).
Although most PCa cases are diagnosed as localized or
indolent, ~20% of patients present with high-risk cancer that
may progress to fatal disease (97). The role of miR-100 in
PCa has garnered increasing attention. Leite et al (98) first
demonstrated that miR-100 expression decreased during the
progression of localized PCa to advanced metastatic stages.
Wang et al (99) further revealed that miR-100 affected PCa
cell migration and invasion by regulating AGO?2. Additionally,
Nabavi et al (100) reported that miR-100 inhibits PCa
cell apoptosis, while Ye et al (101) found that miR-100-5p
downregulation suppressed cell proliferation, migration and
invasion by targeting mTOR. These studies underscore the
critical role of miR-100 in PCa progression and suggest its
potential as a diagnostic, prognostic and therapeutic target.
Further research into the molecular mechanisms of miR-100
will provide essential support for precision treatment
strategies for patients with high-risk PCa.

TC. TC is one of the fastest-growing malignancies globally,
with its incidence steadily rising over the past 30 years (102).
Although the overall mortality rate remains stable, some
rare subtypes, such as anaplastic TC, remain a clinical chal-
lenge due to their high invasiveness and limited treatment
options (103). The role of miRNAs in TC has attracted
widespread attention. Zhang et al (11) found that overexpres-
sion or knockdown of miR-100 inhibited the translation of
RBSP3, thereby promoting follicular thyroid carcinoma cell
proliferation. Furthermore, Ma and Han (104) found that
miR-100 was downregulated in papillary thyroid carcinoma
(PTC) tissues and cells. Overexpression of miR-100 inhibits
the proliferation and migration, and promotes apoptosis of
PTC, which may be achieved by inhibiting the expression of
fragile fission class receptor 8 (104). These findings highlight
the critical roles of miR-10 and miR-100 in the progres-
sion of different TC subtypes, suggesting their potential as
molecular targets for diagnosis and treatment. Further inves-
tigation into the molecular mechanisms of these miRNAs
may pave the way for the development of precision therapies
for TC.
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BC. BC is the leading cause of morbidity and mortality in
women worldwide (105). In 2020, BC surpassed lung cancer
as the most common malignancy globally, accounting for
15.5% of all cancer-related deaths in women (105). Despite
the central role of surgery, radiotherapy and chemotherapy
in treatment, research has increasingly focused on the role of
miRNAs in BC. Xie et al (106) demonstrated that miR-100
was downregulated in BC, and its overexpression suppressed
the proliferation, migration and invasion of BC cells by
inhibiting FOXA1 expression. Additionally, Gebeshuber and
Martinez (107) found that stable overexpression of miR-100
reduced insulin like growth factor 2 expression and inhibited
tumor growth. Li er al (108) also demonstrated that miR-100
inhibited proliferation, migration and invasion by targeting
cell division cycle 25A (CDC25A), while promoting apop-
tosis. Gong et al (109) identified myotubularin related
protein 3 (MTMR3) as another downstream target of
miR-100, mediating apoptosis in BC cells. These studies
collectively highlight the key role of miR-100 in inhibiting
BC progression through the regulation of multiple down-
stream targets, including FOXA1, CDC25A and MTMR3.
Given its tumor-suppressive effect, miR-100 offers a potential
molecular target for BC diagnosis and treatment, providing
novel directions for precision medicine.

OC. OC is one of the leading causes of cancer-related death
in women and the second most common cancer in women
over the age of 40 years (110). The high mortality rate is
primarily due to most patients being diagnosed at advanced
stages, emphasizing the need for early diagnostic markers to
improve prognosis (111). Studies have indicated that miR-100
serves an important role in OC, especially in epithelial OC
(EOC) (110,111). For example, Schoutrop et al (112) found
that miR-100 exerted tumor-suppressive effects in EOC by
targeting PLK1, inhibiting tumor cell growth and proliferation.
Nam et al (113) further confirmed that miR-100 expression was
differential in EOC, suggesting its involvement in OC devel-
opment and progression. These findings suggest that miR-100
may serve as an early diagnostic biomarker and therapeutic
target for OC. Further research into the molecular mechanisms
of miR-100 may provide novel directions for precise diagnosis
and targeted therapy.

CC. CC is the fourth most common malignant tumor among
women worldwide, following BC, CRC and lung cancer (114).
Although progress has been made in CC screening and
prevention, its incidence and mortality remain high in a
number of regions, particularly in low-and middle-income
countries (114,115). Huang et al (114) found that miR-100 was
downregulated in CC tissues, with reverse transcription-quan-
titative PCR indicating lower expression levels of miR-100. It
was shown that overexpression of miR-100 effectively inhib-
ited the proliferation, migration and invasion of CC cells (114).
Li et al (115) confirmed that the downregulation of miR-100
promoted the progression of CC, at least partially by losing
its inhibitory effect on the target gene PLK1. These findings
suggest that miR-100 acts as a tumor suppressor in CC, and its
mechanism may involve the regulation of key target genes such
as PLK1. The potential diagnostic and therapeutic value of
miR-100 provides a novel direction for personalized medicine
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in CC and may offer effective molecular targets for improving
patient prognosis.

Endometrial cancer (EC). EC is the sixth most common
cancer in women (116). In 2020, there were 417,000 new cases
of EC worldwide, with a lifetime risk of ~3% for women, and
the median age at diagnosis is 61 years (116). Although most
patients are diagnosed early and achieve good prognosis through
routine surgery, EC remains the only gynecologic malignancy
with an increasing mortality rate (117). The role of miRNAs in
EC has garnered increasing attention. Takebayashi er al (118)
found that transfection of hsa-miR-100 enhanced the invasive-
ness and proliferative capacity of normal endometrial stromal
cells (NESCs). It was shown that SWI/SNF related BAF
chromatin remodeling complex subunit D1 (SMARCDI) and
MMP-1 are key downstream targets of miR-100. Specifically,
miR-100 promoted the invasion and migration of NESCs by
inhibiting SMARCDI expression and activating MMP-1 (118).
These findings suggest that miR-100 promotes EC invasion
and migration via the SMARCDI/MMP-1 pathway. Further
investigation of the molecular mechanisms of miR-100 will
not only aid the understanding of the progression of EC but
may also provide potential diagnostic and therapeutic targets
for the disease.

5. Diagnostic and prognostic value of miR-100

The continued rise in global cancer mortality is not only due to
the poor prognosis of cancer itself, but is also closely related to
late diagnosis due to the hidden nature of different cancer types.
Most patients with cancer are diagnosed when the disease is
already in an unresectable stage, which underscores the impor-
tance of finding novel diagnostic methods or biomarkers (119).
Over the past decade, research on potential cancer biomarkers
has grown exponentially, offering hope for early diagnosis and
improving clinical prognosis (119-121). Early diagnosis and
effective monitoring of treatment responses are crucial for
successful cancer management. However, traditional tumor
biopsy methods lack sufficient sensitivity and specificity for
early detection and ongoing monitoring (121). Therefore, iden-
tifying early diagnostic biomarkers is essential for improving
the early detection and treatment of malignant tumors.
Studies have highlighted miR-100 as a potential diagnostic
biomarker for various cancer types (122-131). For instance,
Wang et al (122) found that miR-100 was highly expressed
in the plasma of patients with BC, and receiver operating
characteristic (ROC) curve analysis showed that it had high
diagnostic efficiency for early BC. Fuso et al (123) confirmed
this finding. In HCC, Jin er al (124) observed upregulation
of miR-100, suggesting that it may serve as a biomarker for
HCC. Similarly, Qureshi et al (125) found that miR-100 was
downregulated in the plasma of patients with bladder cancer,
with expression levels associated with clinical features such as
microscopic hematuria, cytological examination, cystoscopy
and TNM staging. Ludwig et al (126) reported that miR-100
was highly expressed in the serum of patients with Wilms
tumor, with ROC analysis showing a diagnostic sensitivity of
0.90. Blanca et al (127) found that miR-100 was a prognostic
biomarker for non-invasive bladder cancer. Furthermore,
Yamanaka et al (128) revealed that miR-100 serves an


https://www.spandidos-publications.com/10.3892/ijmm.2025.5508

12 ZHANG et al: miR-100: AN IMPORTANT INHIBITORY REGULATORY FACTOR IN MALIGNANT TUMORS
e B8 Tumor
g 8 ° Kk s BS 85 O ax _— *k T ' NOI'ma|
A—— i T *hk — o g o
< 15 § PR B SN (VR I T = 8 S & o g :
— ek
5 : 1a ]|t 2 R
& 8 3T i o =
2 Ig ©
T 4o, g ) -
= ° o 8 o ° 7
o o o o o [e]
e 8 o 8 o § g -] 8 8
' o Q o g
o e g ° g o ° o
= o
g o ° b o © 8 o o 3 8
E o
5 o
8
]
o
S0 N O T oo rn daNAT VOO DT IOoh oo ® b
N 0O 1V 1O I N O 1 v I v OV o <~ LN ~—~ O M ~ < M Il O M ~ +~ +~ I N N~ 1]
~— Il 1 v zZz 1 o 1 M =z I~ I I I~ o 1l I 1l Iz 1] 1] Il I =z N ~— =z
=z 2 Il . 2 nm =z =2 IO - | B I i~ Il =z zZ2 Z2 2 e Z2 2 Z2 Z2 . = ] N
= = . o . . . o B e T Z2 = T T T LT I« N ol <)
“ O - N TN OO TWOU - ® " - 00N MW 710w WO 09 SwuY O NNKNOTK
S P QO - OO Il EQSAaAO0N 3> 0dddS 00 w- 3 Jd
Swe ol g o EO0O®LE 33 L 0y AN lg e =S 0g S 0
T s 1] 1 b b b < 1] I ~ 10} Il < 0O n o 1l 1l I 1] b 1] 1] 1] I b < b
E2ecc~ 25 ccgRed £ET cecees  ecececel 352
< Q <0 Qo F %) 0 k= 9 gg8 0 o< 0onogn =
0f ¢ 3335 ¢ s £32¢d E333¢ &
= o a 3 Q ®» o T Suwoao o
m

Figure 4. miR-100 expression in tumor and adjacent normal tissue samples from TCGA. Wilcoxon rank-sum test. ““P<0.001; “P<0.01; “P<0.05. CPM, counts
per million; miR/miRNA, microRNA; ns, not significant (P>0.05); TCGA, The Cancer Genome Atlas; T, tumor; N, normal.

important role in bladder cancer progression, with reduced
expression associated with shorter progression-free survival
and OS, suggesting its potential in risk stratification for bladder
cancer. In addition to the aforementioned studies, miR-100
has also been recognized as a potential diagnostic marker for
CRC (129,130), GC (131), PCa (132), oral cancer (133) and
esophageal cancer (134,135).

In addition to its diagnostic role, miR-100 also has prog-
nostic implications in cancer. For example, Wang et al (136)
found that high miR-100 expression in renal clear cell carci-
noma (RCC) tissues was associated with tumor T staging and
metastasis, and high miR-100 expression was an independent
poor prognostic factor for the OS and cancer-specific survival
of patients with RCC. Liu et al (137) suggested that miR-100
could serve as a biomarker for predicting lymph node metas-
tasis in patients with GC. Furthermore, He et al (138) analyzed
The Cancer Genome Atlas (TCGA) and Gene Expression
Omnibus datasets, finding that low miR-100 levels were associ-
ated with poor clinical features and prognosis in patients with
HCC. miR-100 was identified as an independent risk factor for
recurrence and OS after liver resection (138). Zhou et al (78)
further demonstrated that high miR-100 expression in HCC
was associated with tumor grade, lymph node metastasis, late
TNM stage and recurrence, indicating its negative prognostic
significance. In pediatric AML, Hassan et al (139) reported that
upregulation of miR-100 was associated with poor relapse-free
survival and poor OS, positioning it as a negative prognostic
marker for AML.

While these findings provide strong support for the
potential of miR-100 as an early diagnostic and prognostic
biomarker for cancer, several challenges remain to be
addressed. First, although the high diagnostic value of

miR-100 has been observed in various cancer types, most of
the current research is focused on in vitro experiments and
animal models, with a lack of large-scale clinical trial valida-
tion (119-121). Whether these early findings can be replicated
in clinical applications, especially in real-world environ-
ments with large population heterogeneity, still requires
further validation. For example, the differential expression
of miR-100 in different populations (for example, different
ethnicities and sex) may affect its application as a universal
marker (126,127). Secondly, the sensitivity and specificity
of miR-100 as a biomarker remain key issues in current
research, particularly how to ensure diagnostic accuracy in
cases of low early disease burden (10). Additionally, tech-
nical challenges such as improving the stability of miR-100
in blood and standardizing its detection processes remain
bottlenecks for its broader application.

In addition, pan-cancer data from TCGA (https:/www.
cancer.gov/tcga) were analyzed using R (version 4.2.1; R Core
Team) and trends in miR-100 expression across various
cancer types were identified. As shown in Fig. 4, miR-100
expression differed significantly in several cancer types,
including lung cancer and TC. Furthermore, ROC analysis
of the TCGA pan-cancer database revealed that miR-100
exhibited an area under the curve >0.5 in cancer types such
as TC (TCGA-THCA), HCC (TCGA-LIHC), bladder urothe-
lial carcinoma (TCGA-BLCA), breast invasive carcinoma
(TCGA-BRCA), and head and neck squamous cell carcinoma
(TCGA-HNSC) (Fig. 5), indicating its high sensitivity and
specificity as a potential diagnostic marker. However, further
multi-center, large-scale clinical studies are required to
validate these findings and optimize the use of miR-100 as a
clinical biomarker.
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Figure 5. Receiver operating characteristic curve analysis of microRNA-100 expression in tumor and normal samples from TCGA. AUC, area under the curve;

TCGA, The Cancer Genome Atlas.

In conclusion, miR-100 serves a crucial role in cancer
diagnosis and prognosis, showing clinical potential. Although
current studies provide preliminary evidence for the use of
miR-100 as an early diagnostic and prognostic biomarker, key
issues such as sensitivity, specificity, population applicability
and clinical validation need to be addressed before it can be
widely used in clinical practice. With future clinical trials and
technical optimization, miR-100 is expected to become an
important tool in precision cancer diagnosis and treatment.

6. miR-100 and chemotherapy/radiotherapy resistance in
cancer

Although progress has been made in cancer treatment, chemo-
therapy remains a major treatment modality for advanced
cancer. However, chemotherapy resistance continues to be one
of the key obstacles affecting treatment outcomes (140,141).

miRNAs serve an increasingly important role in regulating
cancer cell responses to treatment, especially in the mecha-
nisms of chemotherapy resistance, where they influence drug
responses by targeting and modulating the expression of
relevant genes (140-142).

miR-100 serves a complex role in regulating the sensi-
tivity and resistance to chemotherapy in various cancer
types. For example, miR-100 enhances the chemotherapy
sensitivity of GBM cells to cisplatin and temozolomide by
targeting FGFR3 (142). In small cell lung cancer (SCLC),
Xiao et al (143) found that the downregulation of miR-100 was
negatively associated with HOX A1 expression, suggesting that
miR-100 serves a key role in regulating SCLC cell survival
and chemotherapy resistance. Similarly, miR-100 restores the
sensitivity of docetaxel-resistant lung adenocarcinoma SPC-Al
cells to docetaxel by targeting PLK1 (144). In head and neck
squamous cell carcinoma, miR-100 has also been found to be
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associated with docetaxel resistance (16). In cisplatin-resistant
OC cells, miR-100 restores sensitivity to cisplatin by targeting
mTOR and PLK1, inhibiting cell proliferation and inducing
apoptosis (145). Similarly, Liu et al (146) found that miR-100
enhanced the sensitivity of osteosarcoma cells to cisplatin by
targeting IGF1R. In NSCLC, the downregulation of miR-100
may increase resistance to ALK inhibitors (such as crizotinib
and lorlatinib), presenting a therapeutic challenge (147). At the
same time, the downregulation of miR-100 promotes paclitaxel
resistance by increasing the expression of -tubulin V-type,
suggesting its potential as a target for paclitaxel combination
therapy (148). The role of miR-100 in radiotherapy should also
not be overlooked. In CRC, upregulation of miR-100 enhances
cell sensitivity to radiation, possibly by promoting radia-
tion-induced apoptosis and DNA double-strand breaks (15).
In childhood acute lymphoblastic leukemia, downregula-
tion of miR-100 contributes to vincristine resistance, and its
upregulation effectively reverses this resistance, restoring
the anticancer efficacy of vincristine (149). Furthermore, the
overexpression or knockout of miR-100 can regulate ATM
expression and alter cell sensitivity to ionizing radiation (150).

The role of miR-100 in cancer chemotherapy and radio-
therapy underscores its complex regulatory function, which is
influenced by tumor type, therapeutic agents and the specific
characteristics of cancer cells. Specifically, miR-100 expres-
sion in different cancer types may be influenced by various
factors, including the drug resistance characteristics of tumor
cells and changes in the tumor microenvironment. Therefore,
the mechanism of action of miR-100, as a potential therapeutic
target, warrants further investigation. In summary, the role
of miR-100 in chemotherapy and radiotherapy underscores
its crucial function in regulating cancer cell proliferation
and drug resistance. In-depth studies on the mechanisms of
miR-100 and its interactions with chemotherapy drugs and
radiotherapy will provide valuable insights for overcoming
resistance in cancer treatment and offer novel directions for
future cancer therapeutic strategies.

7. miR-100 and signaling pathways

Cellular signal transduction serves a pivotal role in mediating
cellular responses to both internal and external stimuli. Various
intracellular signaling pathways are essential for regulating
biological processes and gene expression. Although these
pathways do not directly engage in transcription, they ulti-
mately influence gene expression by modulating the activity
of transcription factors (151). Increasing evidence suggests
that miRNAs serve a crucial role in regulating these signaling
pathways in both normal and cancer cells (10,152,153).
Pathways such as the Hippo, Myc, Notch, TGFp, p53, epithe-
lial-to-mesenchymal transition (EMT) and Wnt/p-catenin
pathways are closely associated with tumorigenesis and cancer
progression (154). Tumor-specific alterations in these path-
ways often serve as potential targets for developing targeted
therapies (155).

miR-100 and the EMT pathway. miR-100 serves a critical role
in regulating EMT, a process where cells transition from an
epithelialtoamesenchymal phenotype. Thistransitionenhances
cancer cell migration, invasion and metastasis (99,156,157).

Studies have shown that miR-100 inhibits EMT by regu-
lating multiple key molecules (99,156,157). For instance,
Wang et al (99) demonstrated that the loss of miR-100 enhanced
the migration and invasiveness in PCa cells, and promoted the
EMT process. This suggests that miR-100 may suppress EMT
by regulating the expression of epithelial markers such as
E-cadherin, and mesenchymal markers such as N-cadherin and
Vimentin (99). In addition, the well-known EMT-promoting
factors zinc finger E-box binding homeobox (ZEB)l and
ZEB2 induce EMT by repressing E-cadherin expression,
whereas miR-100 inhibits these transcription factors, thereby
suppressing EMT (156). Specifically, miR-100-mediated
inhibition of SMARCAS suppresses E-cadherin, thereby
inhibiting the EMT process in breast cancer cells (156). In
addition, Yang et al (157) found that miR-100 inactivation, in
conjunction with arsenic exposure, activated the EMT process,
promoting the malignant transformation and invasiveness of
BEAS-2B lung cells. These findings suggest that miR-100
inhibits cancer cell migration and invasion by regulating
EMT-related factors however, its loss or reduced expression
may exacerbate malignant transformation.

miR-100 and the AKT/mTOR pathway. The AKT/mTOR
signaling pathway serves a vital role in tumor cell prolif-
eration, survival and metabolism. miR-100 inhibits tumor cell
migration and invasion by regulating key molecules within
this pathway (158). Chen et al (95) demonstrated that miR-100
inhibited mTOR signaling activation, slowing migration and
invasion in RCC cells. The mechanism is that miR-100 reduces
cellular metabolic activity by directly targeting mTORC1
activation, which further inhibits cell proliferation (95).
Additionally, miR-100 suppresses AKT phosphorylation,
which reduces downstream mTOR activity, thereby inhibiting
tumor cell proliferation and migration (95). These findings
suggest that miR-100 not only slows tumor cell proliferation
by inhibiting mTORCI activity but also limits metabolic
activity and invasiveness, positioning it as a potential target
for anticancer therapy.

miR-100 and the PI3K/AKT pathway. The PI3K/AKT
signaling pathway is involved in various processes, including
cell proliferation, survival and migration (159). miR-100
regulates the PI3K/AKT pathway to inhibit cancer cell
proliferation and promote apoptosis (57). Li et al (57) demon-
strated that miR-100 targeted IGF1R and FKBP51 to inhibit
PI3K/AKT pathway activation, thereby inhibiting cell prolif-
eration and promoting apoptosis in ALL cells. These findings
provide compelling evidence for the potential of miR-100 as
an anticancer factor.

miR-100 and the Wnt/(-catenin pathway. The Wnt/f-catenin
signaling pathway serves a critical role in tumor cell prolif-
eration, differentiation and metastasis. miR-100 regulates
key molecules within the Wnt/B-catenin pathway to suppress
tumor cell proliferation and migration (160). Liu et al (146)
demonstrated that miR-100 targeted IGFIR to inhibit the
Wnt/B-catenin pathway, slowing the proliferation and migra-
tion of osteosarcoma cells. IGF1R, an upstream activator of
the Wnt/B-catenin pathway, is inhibited by miR-100, which
reduces P-catenin activation and decreases Wnt signaling,
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thereby slowing tumor progression (146). Additionally,
Peng et al (161) found that miR-100 regulated GC cell prolifer-
ation and migration by targeting bone morphogenetic protein
receptor type 2. These studies underscore the essential role
of miR-100 in regulating the Wnt/B-catenin pathway and its
potential as a therapeutic target in cancer.

miR-100 and the Notch signaling pathway. The Notch signaling
pathway is critical for cell fate determination, proliferation
and EMT (161). Yang et al (162) demonstrated that miR-100
regulated the Notch signaling pathway to modulate apoptosis
and proliferation in GC cells. Activation of the Notch pathway
is closely associated with cancer cell proliferation, metastasis
and EMT. Downregulation of miR-100 may lead to abnormal
activation of the Notch pathway, promoting tumor progres-
sion. By directly inhibiting the expression of Notch receptors,
miR-100 reduces Notch signaling, suppressing cancer cell
proliferation and metastasis (162). Huang et al (163) found
that miR-100 downregulated SATB homeobox 1 (SATBI)
expression, which in turn inhibited the AKT/mTOR and Notch
signaling pathways, suppressing the EMT process and tumor
invasiveness. SATBI, a transcription factor involved in several
tumor-related signaling pathways, is directly downregulated
by miR-100, inhibiting Notch pathway activity and reducing
tumor cell proliferation and metastasis. STAT3, a critical tran-
scription factor in tumor progression, is also downregulated by
miR-100, further slowing tumor cell proliferation and metas-
tasis (163). Further research into the relationship between
miR-100 and the Notch signaling pathway may provide novel
therapeutic strategies for cancer treatment.

miR-100 and the MAPK signaling pathway. The MAPK
pathway in cancer transmits extracellular signals from the
cell membrane to intracellular targets, serving a pivotal role
in regulating various biological processes associated with
tumorigenesis (164). For example, Liu et al (146) demon-
strated that miR-100 was downregulated in osteosarcoma.
miR-100 inhibits osteosarcoma cell proliferation, migration
and invasion by directly targeting IGFIR and suppressing

its expression, thereby modulating the downstream MAPK
signaling pathway (146).

As shown in Figs. 6 and 7, miR-100 regulates tumor growth,
migration and invasion through multiple signaling pathways,
including the EMT, AKT/mTOR, mTOR/STAT1/Notch,
PI3K/AKT, MAPK and Wnt/p-catenin signaling pathways. By
targeting key molecules in these pathways, miR-100 inhibits
cancer cell proliferation, migration and metastasis. However,
its role may vary across different cancer types, suggesting the
need for further investigation of its specific mechanisms in
various tumor contexts (57,99,146,156-163). The multifaceted
regulatory role of miR-100 provides insights into tumorigenesis
and offers potential targets and strategies for cancer therapy.
In conclusion, the role of miR-100 in these key signaling
pathways was illustrated, further emphasizing its therapeutic
potential in oncology.

8. Role of miR-100 in cancer progression and its potential
as a diagnostic biomarker

The present review highlights the role of miR-100 in cancer
progression by targeting multiple protein-coding genes that
regulate cancer cell proliferation, invasion and metastasis. In
addition to directly modulating gene expression, miR-100 also
alters the tumor microenvironment dynamics by influencing
specific signaling pathways (99,156,157). Notably, miR-100
expression levels in cancer are associated with early diagnosis
and prognosis of patients (78,119-138,165), emphasizing its
importance in understanding cancer biology and its potential
as an early diagnostic biomarker.

Previous studies have shown that miR-100 suppresses
tumor cell proliferation and invasion by downregulating
specific target genes, ultimately reducing tumor metas-
tasis (166,167). The present findings further emphasize the
potential of miR-100 in cancer research and its clinical appli-
cations. However, several key issues remain unresolved. For
instance, the tissue-specific expression patterns of miR-100
and its potential regulatory mechanisms are not fully under-
stood (168). Additionally, although the role of miR-100 in
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cancer progression is becoming clearer, its precise function
in downstream signaling pathways requires further investi-
gation. The variability in miR-100 effects across different
experimental systems highlights the need for standardized
protocols to ensure the reproducibility and reliability of
results (169,170).

Controversial findings. Despite its tumor-suppressive effects
in various cancer types, some controversial studies suggest
that miR-100 may serve an oncogenic role in certain cancer
contexts. For example, overexpression of miR-100 has
been linked to tumor progression and poor prognosis in
NSCLC (171), contrasting sharply with its tumor-suppressive
effects in GC and peripheral T-cell lymphoma (106-108). This
dual role may be attributed to cancer heterogeneity and differ-
ences in the genes targeted by miR-100 in different cellular
environments. Furthermore, research indicates that the role of
miR-100 in various cancer types may be influenced by differ-
ential regulation of its downstream signaling pathways, such
as the PI3K/AKT, mTOR and Wnt/B-catenin pathways, further
complicating its biological functions (172). For comparison,
miR-21 and miR-155 are two other miRNAs that have been
extensively studied in cancer, each exhibiting distinct roles.
miR-21 and miR-155 are commonly upregulated as oncogenic
miRNAs in various tumors, where miR-21 contributes to
anti-apoptotic, proliferative and invasive processes, thereby
enhancing drug resistance in tumor cells. By contrast,
miR-155 promotes tumor progression and immune evasion by
modulating the immune microenvironment (173,174). These
functional differences underscore the critical importance of

understanding the specific role of each miRNA within a given
cancer context.

Regarding therapeutic strategies, the restoration of
miR-100 is typically achieved by delivering its mimics or
agonists to inhibit tumor growth and enhance the effectiveness
of chemotherapy or targeted therapies. Conversely, therapeutic
approaches for miR-21 and miR-155 primarily focus on
restoring normal cellular functions by inhibiting their expres-
sion through anti-miRNA strategies (175,176).

Therefore, a comparative analysis of miR-100, miR-21 and
miR-155 provides valuable insights into the distinct mecha-
nisms these miRNAs are associated with in different cancer
contexts. This comparison has implications for optimizing
therapeutic strategies and improving clinical outcomes.

9. Future directions and research needs

Future research should focus on clarifying the role of miR-100 as
a specific cancer biomarker and evaluating its therapeutic poten-
tial. Comparative studies with other cancer-related miRNAs
will help deepen the understanding of the unique mechanisms
and therapeutic significance of miR-100. Investigating the
tissue-specific roles of miR-100 in different cancer types is
crucial for its clinical application, particularly in early diagnosis
and prognosis. Further exploration of the dual role of miR-100
and mechanistic insights will contribute to a more comprehensive
understanding of its potential as a therapeutic target.
Incorporating the latest high-quality studies into this field will
enhance the understanding of the clinical application of miR-100.
This includes refining its role as a diagnostic or prognostic
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biomarker in specific cancer types and exploring its potential
as a therapeutic target. In conclusion, addressing the existing
controversies and improving experimental methodologies will
contribute to bridging the gap between experimental research
and clinical practice. These advancements will pave the way for
translating experimental findings into clinical applications.

10. Conclusion

As atumor-suppressive miRNA, miR-100 serves a critical role in
the initiation and progression of various cancer types. miR-100
inhibits tumor cell proliferation, migration and invasion by regu-
lating oncogene expression and multiple signaling pathways,
such as the PI3K/AKT and Wnt/B-catenin pathways. miR-100
holds great promise as an early diagnostic biomarker in cancer.
Its stable presence in body fluids such as blood and urine makes
it a potential non-invasive tool for early screening (121-126). The
aberrant expression of miR-100 is closely associated with the
development of tumors such as gastric and lung cancer, making
it an ideal candidate for early detection.

In personalized therapy, the restoration of miR-100
expression can inhibit cancer cell proliferation and invasion,
enhancing the efficacy of chemotherapy or targeted therapies.
However, the clinical application of miR-100 still faces chal-
lenges, including the optimization of delivery systems and
safety assessments. Future research should focus on devel-
oping efficient delivery vectors to improve the stability and
biocompatibility of miR-100 for clinical use.

In conclusion, miR-100 has potential as both a biomarker
and a therapeutic target for early diagnosis and personalized
treatment.
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