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Abstract. MicroRNAs (miRNAs/miRs) are a type of 
non‑coding single‑stranded RNA, with a length of ~22 nt, 
which are encoded by endogenous genes and are involved in the 
post‑transcriptional regulation of gene expression in animals 
and plants. Studies have demonstrated that miRNAs play an 
important role in the occurrence, development, metastasis, 
diagnosis and treatment of cancer. In recent years, miR‑497 
has been identified as one of the key miRNAs in a variety of 
cancer types and has been shown to be downregulated in a 
variety of solid tumors. However, the regulation of miR‑497 
expression involves a complex network, which is affected by 
several factors. The aim of the present review was to summa‑
rize the mechanism of regulation of miR‑497 expression at the 
pre‑transcriptional and transcriptional levels in cancer, as well 
as the role of miR‑497 expression imbalance in cancer diag‑
nosis, treatment and prognosis. The regulatory mechanisms 
of miR‑497 expression may aid in our understanding of the 
causes of miR‑497 expression imbalance and provide a refer‑
ence value for further research on the diagnosis and treatment 
of cancer.
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1. Introduction

According to recent global cancer statistics, there were an 
estimated 18.1 million new cancer cases and 9.6 million 
cancer‑associated deaths in 2018 (1). Accumulating evidence 
indicates that miRNAs (miRNAs/miRs) may act as oncogenes 
or tumor suppressor, and play critical roles in the occurrence and 
development of cancer (2). miRNAs are a class of non‑coding 
RNA (ncRNA) with a length of ~22 nt. In 1993, Lee et al (3) 
first discovered miRNAs in Caenorhabditis elegans, which 
prompted intense research on miRNAs. RNA interference 
technology (4), which was subsequently discovered in 1998, 
markedly advanced the research on miRNAs. To date, thou‑
sands of miRNAs have been reported in vertebrates, with 
2,654 in humans (5). Dysregulation of miRNA expression has 
become a hallmark of various cancer types (6). Among the 
miRNAs that are known to be abnormally expressed, miR‑497 
is considered to be one of the miRNAs that play a key role in 
the pathogenesis of cancer (7).

miR‑497 is encoded by the first intron of the MIR497HG 
gene located on human chromosome 17p13.1 (8). miR497 
belongs to the miR‑15/16/195/424/497 family that have the same 
3'‑untranslated (UTR) binding seed sequence (AGCAGCA) (9). 
During autopsy, it was found that the expression of miR‑497 
was similar in various normal tissues, including the cerebral 
cortex, frontal cortex, primary visual cortex, thalamus, heart, 
lungs, liver, kidneys, spleen, stomach and skeletal muscle (10). 
However, an imbalance in miR‑497 expression is closely asso‑
ciated with the occurrence and development of tumors. Based 
on a study of the global miRNA expression profile of primary 
breast cancer, miR‑497 was the first miRNA that was confirmed 
to be downregulated in breast cancer (11). Subsequently, a 
study of the global miRNA expression profile of gastric cancer 
was the first to demonstrate that the expression of miR‑497 
was increased in non‑tumor tissues (12). Accumulating 
evidence shows that the expression of miR‑497 is down‑
regulated in several tumor types, including primary peritoneal 
carcinoma (13), adrenocortical carcinoma (14,15), malignant 
astrocytoma (16), colorectal cancer (17‑21), osteosarcoma (22), 
cervical cancer (23), liver cancer (24‑28), breast cancer (29‑31), 
neuroblastoma (32), non‑small cell lung cancer (33‑35), gastric 
cancer (36‑38), ovarian cancer (39), nasopharyngeal carci‑
noma (40), osteosarcoma (41,42), angiosarcoma (43), cervical 
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cancer (44,45), thyroid cancer (46,47), cutaneous squamous 
cell carcinoma (48,49), melanoma (50), glioma (51), clear cell 
renal cell carcinoma (52), anaplastic large cell lymphoma (53), 
esophageal carcinoma (54) and bladder cancer (9), among 
others. These results suggest that miR‑497 acts as a tumor 
suppressor. Notably, the expression of miR‑497 has been found 
to be upregulated in hepatocellular carcinoma (55), chronic 
lymphoblastic leukemia (56), and head and neck squamous 
cell carcinoma (57). This finding suggests that miR‑497 may 
play different roles in different types of tumors. To compre‑
hensively summarize the regulation of miR‑497 expression in 
cancer, a total of 285 studies associated with the analysis of 
miR‑497 have been compiled. The aim of the present review 
was to focus on the mechanism of regulation of miR‑497 
expression at the pre‑transcriptional and transcriptional levels 
in cancer, and to emphasize the role of miR‑497 in chemo‑
therapeutic drug resistance and the diagnosis and treatment 
of malignant tumors. The specific expression, targets and 
functions of miR‑497 in different cancer types are shown in 
Table I.

2. miR‑497 biogenesis

The biosynthesis of miR‑497 is mediated by multiple steps: 
i) The MIR497HG gene (NCBI gene ID, 574456) on chro‑
mosome 17 produces a long primary miRNA (pri‑miRNA) 
transcript (pri‑miR‑497) through RNA polymerase II tran‑
scription; ii) pri‑miRNA is processed by the Drosha complex 
in the nucleus into RNA with a hairpin structure, which is 
termed precursor miRNA (pre‑miRNA)‑497; iii) pre‑miR‑497 
is transported into the cytoplasm by GTP‑binding nuclear 
protein Ran and exportin‑5; iv) pre‑miR‑497 is cleaved 
by Dicer to produce double strands with a length of ~22nt: 
miR‑497, miRNA*. miRNA*, known as the passenger strand, 
is discarded; v) the double‑stranded body is directed into the 
argonaute (Ago)2 protein to form a RNA‑induced silencing 
complex (RISC); vi) of the two miRNA double strands, only 
one chain (miR‑497, guide chain) is retained in the Ago protein 
and stably forms RISC, whereas the other chain is discarded 
as a passing chain (miR‑497*); and vii) the Ago‑miRNA 
complex mainly binds to the 3'UTR of the target mRNA in a 
sequence‑specific manner. miRNA target recognition usually 
depends on the seed sequence of the miRNA, so one miRNA 
can target and regulate multiple mRNAs (58).

3. Regulation of miR‑497 expression

Genetics. Copy number abnormalities are a type of genomic 
structural variation, and they may be divided into two levels 
according to size, namely the microscopic and submicroscopic 
levels. Genomic structural variation at the submicroscopic 
level refers to variations in the length of DNA fragments of 
1 Kb to 3 Mb, including deletion, insertion, repetition, rear‑
rangement, inversion and changes in the number of DNA 
copies, among others. It has been reported that there is a high 
frequency of loss of heterozygosity on chromosome 17p13.1 
(miR497 genomic locus), and the downregulation of miR‑497 
may be associated with the unique allele loss pattern in 
primary peritoneal carcinoma (13). It has also been reported 
that ~71% of colon cancer tissues display a decrease in DNA 

copy number (78,000‑1,000,000) in a certain segment of 
chromosome 17p13.1, and the expression level of miR‑497 
was shown to be significantly decreased in colon cancer tissue 
samples, indicating that the downregulation of miR‑497 in 
colon cancer is closely associated with the decrease in DNA 
copy number (17). Deletions and duplications of chromosomal 
loci may reduce or increase the copy number of miRNAs, 
which may have a significant impact on explaining the genetic 
heterogeneity of cancer.

Epigenetics
Regulation of DNA methylation. Studies have demonstrated 
that DNA methylation can control gene expression, and more 
specifically, that promoter DNA hypermethylation can down‑
regulate gene expression (59,60). It has been observed that the 
CpG island located upstream of the pri‑miR‑497 transcription 
initiation site is methylated by monoallelic methylation in the 
normal colonic mucosa, while in ~75% of colorectal adenomas, 
the island is hypermethylated, and this change is associated 
with a significant downregulation of miR‑497 expression (8). 
Another study demonstrated that miR‑497 DNA is highly 
methylated and miR‑497 expression is downregulated in hepa‑
tocellular carcinoma (HCC). Bioinformatics analysis revealed 
that the expression of the miR‑195/497 cluster may be affected 
not only by its hypermethylated promoter region, but also by 
hypermethylated transcription factors (TFs) neurogenin 2 and 
DNA damage inducible transcript 3 (25). These results suggest 
that DNA methylation can regulate the transcriptional activity 
of miR‑497, resulting in the downregulation of miR‑497 
expression in cancer.

Mutual regulation of miR‑497 and long non‑coding RNA 
(lncRNA). The term lncRNA refers to an ncRNA that is >200 nt 
in length. lncRNAs may act as endogenous target simulators, 
regulating gene expression by competing with miRNAs; this 
mode of action is referred to as the ‘miRNA sponge’ method, 
and lncRNAs with this function are known as competitive 
endogenous RNAs (ceRNAs). This mode is a relatively simple 
regulatory mechanism in the function of lncRNAs (61).

The lncRNA X‑inactive specific transcript (XIST) is one 
of the earliest lncRNAs identified in mammals and plays an 
important role in X chromosome inactivation (62). The imbal‑
ance of XIST expression may play the role of an oncogene or 
tumor suppressor gene in different malignant tumors (63). In 
gastric cancer, the expression of XIST is upregulated and can 
be inhibited with miR‑497. Further study revealed that XIST 
promotes the proliferation and metastasis of gastric cancer 
cells by regulating the miR497/metastasis‑associated in colon 
cancer‑1 axis (64). It has also been reported that XIST may act 
as an miR‑497 ‘sponge’, which targets programmed cell death 
protein 4 to further regulate the proliferation and migration of 
HCC cells (55).

There is a close functional association between the lncRNA 
plasmacytoma variant translocation 1 (PVT1) and Myc, which 
plays a carcinogenic role in a variety of cancer types (65). 
It was previously demonstrated that the expression of PVT1 
is specifically increased in osteosarcoma cells and tissues, 
and acts as a molecular sponge to inhibit the expression of 
miR‑497, indicating that PVT1 promotes glucose metabolism, 
cell proliferation and the metastasis of osteosarcoma cells 
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Table I. Expression, targets, biological functions and role of miRNA‑497 in cancer.

Cancer type Expression Targets Biological functions Roles (Refs.)

Primary peritoneal Downregulated Unknown Unknown Tumor (13)
carcinoma    suppressor 
Breast cancer Downregulated  BCL2L2, RAF1,  Induces apoptosis,  Tumor (29‑31, 
  CCND1 BCL2,  suppresses cell proliferation suppressor 125)
  ESRRA and invasion
Colorectal cancer Downregulated IGF1‑R, KSR1,  Inhibits cell survival,  Tumor (17‑21)
  FOSL1, IRS1, PTPN3 proliferation and invasion,  suppressor
   and inhibits tumor growth
Hepatocellular Downregulated CCNE1, CDC25A,  Regulates cell cycle Tumor (24,
carcinoma  CCND3, CDK4,  progression, and suppresses suppressor 26‑28)
  BTRC, CHEK1,  cell pro‑angiogenic and
  VEGFA, SSRP1 metastatic abilities
 Upregulated PDCD4 Increases tumor size and Tumor promoter (55)
   tumor number
Neuroblastoma Downregulated WEE1 Increases apoptosis Tumor suppressor (32)
Non‑small cell lung Downregulated HDGF, MTDH,  Inhibits cell proliferation Tumor suppressor (33‑35)
cancer  FGF2 and colony formation, and 
   suppresses EMT
Adrenocortical Downregulated TARBP2, DICER Increases cell apoptosis Tumor suppressor (15)
carcinoma
Gastric cancer Downregulated eIF4E, FGFR1, PDK3 Inhibits cell proliferation Tumor suppressor (36‑38)
Ovarian cancer Downregulated SMURF1 Suppresses cell migration Tumor suppressor (39)
   and invasion
Prostate cancer Downregulated IKBKB Inhibits cell proliferation,  Tumor suppressor (103)
   migration and invasion
Nasopharyngeal Downregulated ANLN, HSPA4L Inhibits tumor growth Tumor suppressor (40)
carcinoma
Osteosarcoma Downregulated AMOT, ARL2 Suppresses cell proliferation Tumor suppressor (41,42)
   and invasion
Angiosarcoma Downregulated KCNN4 Inhibits cell proliferation Tumor suppressor (43)
   and invasion
Cervical cancer Downregulated TKT, CBX4 Regulates chemosensitivity Tumor suppressor (44,45)
Thyroid cancer Downregulated BDNF, AKT3 Inhibits tumor cell Tumor suppressor (46,47)
   proliferation and invasion
Cutaneous squamous Downregulated SERPINE‑1,  Induces reversion of EMT Tumor suppressor (48,49)
cell carcinoma  FAM114A2
Melanoma Downregulated TERT Inhibits cell proliferation,  Tumor suppressor (50)
   migration and invasion
Glioma Downregulated WNT3A Decreases cell growth and Tumor suppressor (51)
   invasion
Clear cell renal Downregulated CD274 Inhibits cell proliferation,  Tumor suppressor (52)
cell carcinoma   clone formation and migration
Anaplastic large Downregulated CDK6 Inhibits cell proliferation Tumor suppressor (53)
cell lymphoma
Esophageal carcinoma Downregulated PELP1 Unknown Unknown (54,87)
Chronic Upregulated BCL2 Unknown Tumor promoter (56)
lymphoblastic leukemia
Squamous cell Upregulated Unknown Unknown Tumor promoter (57)
carcinoma of the head 
and neck

EMT, epithelial to mesenchymal transition.
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through the miR497/ hexokinase 2 pathway (66). It was also 
demonstrated that the expression of PVT1 is upregulated 
in non‑small cell lung cancer (NSCLC) tissues, and that it 
inhibits cancer cell viability and induces apoptosis through 
negative regulation of miR‑497. Further in vivo experiments 
revealed that PVT1 gene knockout may inhibit tumor growth 
and promote miR‑497 expression in vivo (67).

The lncRNA gastric cancer‑associated transcript 3 (GACAT3) 
is located on human Chr2p24.3 and its expression has been 
reported to be significantly associated with gastric cancer progres‑
sion. Some experiments have proven that GACAT3 directly binds 
to miR‑497 and negatively regulates the expression of miR‑497 to 
promote the progression of gastric cancer (68). Other experiments 
demonstrated that GACAT3 acts as the ceRNA of miR‑497, 
enhancing the expression of Cyclin D2, which in turn promotes 
the development of breast cancer (69).

The lncRNA nuclear paraspeckle assembly transcript1 
(NEAT1) is a type of ncRNA, with a length of ~3.2 kb, which is 
mainly enriched in the nucleus. In gastric cancer, NEAT1 acts 
as an oncogene and can promote the growth of gastric cancer 
cells by regulating the miR‑497/phosphoinositide‑3‑kinase 
regulatory subunit 1 axis (70).

The lncRNA LINC00152, which is located in human 
Chr2p11.2, is reported to be upregulated in several types 
of cancer. In thyroid cancer, LINC00152 acts as a miR‑497 
‘sponge’, downregulating its downstream target, brain‑derived 
neurotrophic factor (BDNF), to promote the proliferation and 
invasion of papillary thyroid cancer cells (71). In multiple 
myeloma, LINC00152 acts as an oncogene and regulates cell 
growth by targeting miR‑497 expression (72).

The lncRNA LINC00662 is located on chromosomal 
band 19q11 and its length is 2,085 bp. It was reported that 
the expression of LINC00662 is increased in lung cancer, 
nasopharyngeal carcinoma, oral squamous cell carcinoma 
and other malignant tumors (73). LINC00662 has also been 
reported to play a carcinogenic role in gastric cancer through 
the LINC00662‑miR‑497‑Hippo‑yes‑associated protein 1 
(YAP1) axis (74).

The lncRNA LINC00978 is located in the 2q13 region 
of the human chromosome. It was recently reported that the 
expression of LINC00978 is upregulated in lung, breast and 
gastric cancer, as well as other malignant tumors, and is asso‑
ciated with a poor prognosis (75). It was demonstrated that 
LINC00978 inhibits the expression of miR‑497 by acting as 
a ceRNA, and that it targets and suppresses the expression 
of neurotrophic receptor tyrosine kinase 3 and promotes the 
proliferation of gastric cancer cells (76).

The lncRNA small nucleolar RNA host gene 1 (SNHG1) 
is located in 11q12.3 and is widely expressed in cancer tissues. 
Recently, new evidence from basic and clinical studies has 
suggested that SNHG1 is involved in tumorigenesis and is 
an indicator of a poor prognosis in different types of cancer, 
such as hepatocellular carcinoma, gastric cancer and epithe‑
lial ovarian cancer (77). A previous study has found that 
SNHG1 acts as a miR‑497 ‘sponge’ to regulate the expression 
of insulin‑like growth factor receptor (IGF1‑R), and then 
promotes the proliferation and invasion of NSCLC (78). Other 
study has reported that SNHG1 and miR‑497/miR‑195‑5p 
synergistically regulate the epithelial‑to‑mesenchymal transi‑
tion (EMT) of colorectal cells (79).

The lncRNA small nucleolar RNA host gene 16 (SNHG16) 
(Entrez ID, 100507246) was initially identified as an onco‑
gene in neuroblastoma. It is reported that the upregulation 
of SNHG16 expression is associated with the prognosis of 
patients with neuroblastoma (80). In thyroid papillary carci‑
noma, SNHG16 acts as a miR‑497 ‘sponge’, which targets and 
regulates the expression of BDNF and YAP1 and plays the 
role of an oncogene (81). In diffuse large B‑cell lymphoma, 
SNHG16 interacts directly with miR‑497 by acting as a 
ceRNA, which targets the expression of proto‑oncogene 
serine/threonine‑protein kinase, thereby promoting cell prolif‑
eration and inhibiting apoptosis (82).

The lncRNA HOXC13 antisense RNA (HOXC13‑AS), 
located in 12q13.13, can accelerate the progression of tumors 
such as those of breast and nasopharyngeal cancer (83). A 
previous study has found that HOXC13‑AS promotes the 
proliferation and growth of breast cancer cells in vitro and 
In vivo through the miR‑497/phosphatase and tensin homolog 
axis (84).

The lncRNA LINC00473 is located on the 6q27 chro‑
mosome (85). In breast cancer, LINC00473 acts as a tumor 
promoter and accelerates tumor progression by competing for 
the expression of miR‑497 (86). In esophageal squamous cell 
carcinoma, LINC00473 promotes cancer progression by regu‑
lating the miR‑497/protein kinase AMP‑activated catalytic 
subunit α1 axis (87).

The lncRNA metastasis‑associated in lung adenocarci‑
noma transcript 1 (MALAT1) is an 8.5‑kb lncRNA, located 
in 11q13. It was previously demonstrated that MALAT1 is 
widely expressed in normal tissues, suggesting that it plays a 
potentially important role in development and evolution (88). 
Experiments have shown that miR‑497 suppresses the expres‑
sion of MALAT1 after transcription, and MALAT1 also 
competes with miR‑497 for its molecular target eukaryotic 
initiation factor 4E, to induce cell cycle arrest (53). In addi‑
tion, MALAT1 directly binds to splicing factor proline‑ and 
glutamine‑rich, indicating its multifaceted role in the patho‑
physiology of adrenocortical carcinoma (89).

The lncRNA DLX6 antisense RNA 1 (DLX6‑AS1), located 
on human chromosome 7q21.3, was firstly identified to be highly 
expressed in normal brain tissues (90). A previous study has found 
that the DLX6‑AS1/miR‑497‑5p/FZD4/FZD6/Wnt/β‑catenin 
signaling pathway is involved in the pathogenesis of pancreatic 
cancer (91).

The lncRNA LINC00339 is widely expressed in a variety 
of tissues and cells. It was recently reported that LINC00339 is 
overexpressed in pancreatic cancer cells and tissues, and that 
it increases the expression of IGF1‑R by acting as an miR‑497 
‘sponge’, thereby promoting the proliferation, invasion and 
metastasis of cancer cells (92).

The lncRNA LINC01410, located on the 9q13 chromosome, 
may act as an oncogene in gastric cancer by promoting cell 
invasion and angiogenesis (93). It was recently reported that 
the expression of LINC01410 is increased in pancreatic cancer 
tissues and cells, while the downregulation of LINC01410 
expression may inhibit the proliferation and migration of 
pancreatic cancer cells. The underlying mechanism may be 
closely associated with the regulation of the expression of 
miR‑497 and the interferon inducible transmembrane protein 3 
gene (94).
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The lncRNA AC009022.1 (PDXDC2P‑NPIPB14P) is an 
important member of the lncRNA family, but its role in human 
tumors remains elusive. The study by Yu and Zhang (95) was 
the first to demonstrate that AC009022.1 enhances the prolif‑
eration and invasion of colorectal cancer cells by inhibiting 
the expression of miR‑497 and promoting the expression of 
actin‑related protein 3B.

The lncRNA CDKN2B antisense RNA 1 (CDKN2B‑AS1) 
is located on human chromosome 9p21.3. It has been reported 
that the expression of this lncRNA is upregulated in tumor 
tissues and plays a carcinogenic role. A previous study has 
reported that CDKN2B‑AS1 acts as an oncogene in the tumor‑
igenesis of laryngeal squamous cell carcinoma by regulating 
the miR‑497/cyclin‑dependent kinase 6 axis (96).

All the lncRNAs associated with the regulation of miR‑497 
expression in cancer are shown in Table II.

Mutual regulation of miR‑497 and circular RNAs (circRNAs). 
circRNAs are mainly produced from pre‑mRNAs through 
variable splicing (97). Different from the traditional linear 
RNAs, which have (5' and 3' ends), circRNAs have a 
closed‑ring structure and, compared with miRNAs and 
lncRNAs, have a more stable structure and sequence conser‑
vation, with resistance to the digestion by RNase R (97). 
An increasing body of evidence indicates that circRNAs 
are involved in the regulation of tumorigenesis, including 
oncogenesis, differentiation and metastasis. At present, the 
research on circRNAs shows that their main function is to act 
as an ‘miRNA sponge’ (97).

circ_0018289 is located in chr10:46968580‑46969453, has 
a length of 348 bp and plays an important role in the prolifera‑
tion, metastasis and invasion of cervical cancer cells. Through 
bioinformatics prediction and luciferase reporter gene detec‑
tion, it was shown that circ_0018289 directly binds to miR‑497 
and plays an oncogenic role in cervical cancer (98).

circPVT1 originates from the PVT1 gene locus and is 
located in Chr8q24, but unlike lncPVT1, circPVT1 appears 
to be transcribed from its promoter. In addition, chromosome 
8q24 carries the oncogene c‑Myc (99). A previous study has 
reported that circPVT1 acts as an oncogene in head and neck 
squamous cell carcinoma and that the mut‑p53/YAP/tran‑
scriptional enhanced associate domain complex regulates its 
expression in transcription (100). Further investigation revealed 
that circPVT1 causes targeted inhibition of miR‑497, whereas 
miR‑497 causes targeted regulation of mitotic checkpoint 
serine/threonine‑protein kinase BUB1 (100). It was recently 
demonstrated that circPVT1 can directly bind to miR‑497 and 
reduce the inhibitory effect of miR‑497 on the expression of 
Bcl‑2, thus inhibiting the apoptosis of NSCLC cells (101).

All the circRNAs associated with the regulation of 
miR‑497 expression in cancer are shown in Table III.

Mutual regulation of miR‑497 and TFs. In eukaryotes, TFs 
can specifically bind to a specific sequence upstream of the 5' 
end of the gene, thus affecting the transcription process from 
DNA to mRNA or miRNA. In this manner, TFs can regulate 
the expression of miRNAs positively or negatively.

The nuclear factor‑κB (NF‑κB) signaling pathway was one 
of the first to be identified pathways associated with miRNA 
expression. It was more recently demonstrated that miR‑497 

directly targets the regulation of inhibitor κB kinase β, 
which in turn affects the expression of NF‑κB (102). Another 
study found that miR‑497 is involved in the regulation of the 
NF‑κB/matrix metallopeptidase (MMP)‑9/prostate‑specific 
antigen signaling pathway in prostate cancer (103). 
However, according to current research, the regulatory asso‑
ciation between the NF‑κB signaling pathway and miR‑497 is 
different from those aforementioned. It was initially observed 
that activating NF‑κB can increase the level of miR‑497 (102). 
It was recently demonstrated that the inflammatory cytokine 
tumor necrosis‑factor (TNF)‑α inhibits the expression of 
miR‑497 through negative transcriptional regulation mediated 
by NF‑κB, and that it upregulates the expression of spalt‑like 
transcription factor 4, and promotes the self‑renewal and 
metastasis of HCC cells (104). The aforementioned evidence 
indicates that there is a negative feedback loop between 
miR‑497 and the NF‑κB signaling pathway that regulates its 
expression.

YAP1 is a key molecule of the Hippo signaling pathway 
and acts as a transcriptional coactivator. In NSCLC and HCC, 
miR‑497 inhibits the proliferation of cancer cells by targeting 
YAP1 (105,106). In papillary thyroid carcinoma, miR‑497 
inhibits cancer cell proliferation and invasion by negatively 
regulating the expression of YAP1 (107).

Slug is a type of TF that can promote the occurrence of 
EMT, and can increase the migration and invasion ability 
of tumor cells. A previous study found that the expression 
of miR‑497 is significantly associated with EMT in breast 
cancer cells, which is mediated by the targeted regulation of 
Slug (108).

Hypoxia inducible factor‑1α (HIF‑1α) is a subunit of HIF‑1. 
As a major transcriptional regulator, it can activate the tran‑
scription of >40 genes and participate in the inflammatory 
response (109). It was previously demonstrated that HIF‑1α 
binds to the site of hypoxia response element 1 in the 1.5‑kb 
region upstream of the miR‑497 promoter, where it directly 
activates its transcription (110). It was observed that the 
expression of miR‑497 decreased significantly under hypoxic 
conditions, whereas the expression of miR‑497 increased after 
the cells were restored to a normoxic state for 24 h. Therefore, 
it may be inferred that miR‑497 is a hypoxia‑induced miRNA. 
It was also been suggested that miR‑497 inhibits angiogenesis 
in breast cancer by targeting HIF‑1α (111).

Twist is a highly conserved TF that plays an important 
role in embryonic development. The expression of Twist 
is involved in the occurrence, development, invasion and 
metastasis of breast cancer (112). Current research shows 
that Twist can promote angiogenesis in pancreatic cancer by 
targeting the miR‑497/vascular endothelial growth factor A 
axis (113).

The SMAD family is composed of several TFs. SMAD3 is 
an important transporter in the transforming growth factor‑β 
(TGF‑β) signal transduction pathway, and SMAD7 has been 
considered as an important negative feedback regulator of 
the TGF‑β signaling pathway in the past (114). It has been 
demonstrated that miR‑497 directly interacts with the 3'‑UTR 
sequence of SMAD3 transcripts, indicating that it may act as 
one of the regulators of the TGF‑β signaling pathway (115). 
In addition, it has been shown that miR‑497 regulates the 
proliferation and invasion of breast cancer cells by targeting 
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SMAD7 (116). Another study demonstrated that miR‑497 can 
enhance the invasiveness of oral squamous cell carcinoma 
cells by inhibiting SMAD7 (117).

Paired box (PAX) proteins are named after the highly 
conserved pairing box gene binding region in their structure. 
PAX2 is located on human chromosome 10 q25 and is highly 
expressed in ovarian cancer (118). It was recently reported 

that overexpression of miR‑497 inhibits proliferation and 
induces the apoptosis of ovarian cancer cells by targeting 
PAX2 (119).

E2F transcription factor 3 (E2F3) is a key regulator of 
the G1/S phase transition and plays an important role in the 
regulation of the cell cycle. A recent study demonstrated that 
miR‑497 targeting inhibits the expression of E2F3 in vitro and, 

Table II. lncRNAs associated with the regulation of miR‑497 expression in cancer.

    Type of
Cancer type lncRNA  Expression Targets interaction  Biological functions (Refs.)

Gastric cancer XIST Upregulated miR‑497, MACC1 Neg Promotes cell cycle progression (64)
 GACAT‑3 Upregulated miR‑497 Neg Promotes cancer progression (68)
 LINC‑00662 Upregulated miR‑497, YAP1 Neg Promotes cell proliferation (74)
 LINC‑00978 Upregulated miR‑497, NTRK3 Neg Promotes cell proliferation and (76)
     tumorigenesis
 NEAT1 Upregulated miR‑497, PIK3R1 Neg Promotes cell proliferation (70)
Osteosarcoma PVT1 Upregulated miR‑497, HK2 Neg Promotes glucose metabolism,  (66)
     cell proliferation
Non‑small cell PVT1 Upregulated miR‑497 Neg Promotes tumorigenesis (67)
lung cancer
 SNHG1 Upregulated miR‑497, IGF1‑R Neg Promotes cancer progression (78)
Breast cancer GACAT‑3 Upregulated miR‑497, CCND2 Neg Promotes cell proliferation (69)
 HOXC13‑AS Upregulated miR‑497, PTEN Neg Promotes cell proliferation (84)
 LINC‑00473 Upregulated miR‑497 Neg Acts as a tumor promoter (86)
Thyroid LINC‑00152 Upregulated miR‑497, BDNF Neg Promotes cell proliferation (71)
carcinoma     and invasion
 SNHG16 Upregulated miR‑497 Neg Drives proliferation and invasion (81)
Multiple myeloma LINC‑00152 Upregulated miR‑497 Neg Promotes cancer progression (72)
Adrenocortical MALAT‑1 Upregulated miR‑497 Feedback Promotes tumorigenesis (89)
carcinoma    axis
Pancreatic cancer DLX6‑AS1 Upregulated miR‑497, FZD4,  Neg Promotes tumorigenesis (91)
   FZD6, Wnt, 
   β‑catenin
 LINC‑00339 Upregulated miR‑497, IGF1‑R Neg Promotes cell proliferation and (92)
     metastasis
 LINC‑01410 Upregulated miR‑497, IFITM3 Neg Promotes cell proliferation and (94)
     metastasis
Colorectal cancer SNHG1 Upregulated miR‑497 Neg Promotes EMT (79)
 AC‑009022.1 Upregulated miR‑497,  Neg Promotes cell proliferation,  (95)
   ACTR3B  migration and invasion
Hepatocellular XIST Downregulated miR‑497,  Neg Participates in cancer (55)
carcinoma   PDCD4  development
Diffuse large SNHG16 Upregulated miR‑497, PIM1 Neg Promotes cell proliferation and (82)
B‑cell lymphoma     inhibits apoptosis
Esophageal LINC‑00473 Upregulated miR‑497,  Neg Promotes cell proliferation and (87)
squamous cell    PRKAA1  metastasis
carcinoma
Laryngeal CDKN2B‑AS1 Upregulated miR‑497, CDK6 Neg Promotes cell proliferation and (96)
squamous cell      metastasis
cancer

Neg, negative; lncRNA, long non‑coding RNA; miR, miRNA.
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thus, inhibits the proliferation and invasion of human bladder 
transitional cell carcinoma cells (120).

PBX homeobox 3 (PBX3) belongs to the family of human 
PBX TFs. It was previously demonstrated that PBX3 is targeted 
by multiple miRNAs, such as let‑7c, miR‑200b, miR‑222 and 
miR‑424, and is essential for liver tumor‑initiating cells (121). 
In addition, miR‑497 was found to play an anti‑tumor role in 
human multiple myeloma by targeting PBX3 (122).

SRY‑box transcription factor 5 (SOX5) is an important 
member of the SOX family. The gene is located at 12p12.1 and 
can directly bind to DNA or bind to other proteins to regulate 
gene expression (123). It has been shown that SOX5 is the 
direct target of miR‑497‑5p, indicating that the overexpression 
of miR‑497 induces cell apoptosis by inhibiting the expression 
of the SOX5 gene, which in turn inhibits the proliferation, 
migration and invasion of NSCLC (124).

SALL4 is a TF that plays an important role in main‑
taining the self‑renewal and pluripotency of embryonic stem 
cells (104). It has been demonstrated that miR‑497 acts as 
a tumor suppressor to inhibit the expression of SALL4 and 
regulate the metastasis of HCC cells (104). Further studies 
demonstrated that TNF‑α activates the NF‑κB signaling 
pathway, causing p65 to enter the nucleus and bind to the 
p65 binding site on the miR‑497 promoter, thereby inhibiting 
the transcription of miR‑497, upregulating the expression of 
SALL4 and, ultimately, promoting the proliferation of HCC 
cells (104).

Estrogen receptor α (ERα) acts as a TF in the nucleus by 
regulating the transcription of downstream target genes. It was 
recently demonstrated that, in ERα‑negative breast cancer, 
the low levels of ERα reduce the expression of miR‑497, thus 
promoting the expression of estrogen‑related receptor α, and 
enhancing the proliferation, migration and invasion of breast 
cancer cells by increasing macrophage migration inhibitory 
factor expression and MMP‑9 activity (125).

All the TFs associated with the regulation of miR‑497 
expression in cancer are shown in Table IV. A map of the 
lncRNA‑circRNA‑TF‑miR‑497 regulatory network is shown 
in Fig. 1.

4. Clinical significance of miR‑497

miR‑497 in the diagnosis of tumors. Ideal biomarkers must be 
highly sensitive, specific and easy to obtain, so that they can 

be detected in easily accessible samples such as blood, saliva 
or urine. Previous studies have demonstrated that miRNAs in 
the serum or plasma may be used as non‑invasive biomarkers 
for cancer diagnosis (126,127). Animal experiments have 
demonstrated that the expression of miR‑497 in tissues and 
in the circulation is positively correlated, indicating that the 
expression of miRNAs in the circulation may reflect their 
expression in tumor tissues (126). Similar results were obtained 
from a series of clinical studies. In patients with gliomas, the 
researchers found that miR‑497 has diagnostic significance in 
preoperative grading, and can distinguish pleomorphic glio‑
blastomas from low‑grade gliomas, with high sensitivity and 
specificity (127). It was also reported that the downregulation 
of miR‑497 expression in cancer tissue and plasma is consis‑
tent in nasopharyngeal carcinoma, indicating that plasma 
miR‑497 may be used in the diagnosis of this disease (128). In 
addition, with the development of bioinformatics technology, 
an increasing number of biomarkers for disease diagnosis and 
staging have been identified. In patients with malignant astro‑
cytoma, the concentration of 7 types of miRNAs (including 
miR‑497) in the serum was found to be significantly decreased, 
and the comprehensive expression analysis of the 7‑miRNA 
panel revealed that it had high sensitivity (88.00%) and high 
specificity (97.87%) in predicting malignant astrocytoma (16). 
In a study on the plasma miRNA profile of patients with 
bladder cancer, it was found that the expression of miR‑497 in 
the plasma was significantly decreased, and the serum/plasma 
miR‑497 exhibited relatively high sensitivity and specificity 
in the diagnosis of bladder cancer (129). Zhang et al (130) 
identified a group of miRNA markers, including miR‑497, in 
the serum, which can distinguish patients with cervical cancer 
from those with cervical intraepithelial neoplasia and healthy 
subjects, with a high sensitivity and specificity, and may thus be 
recommended for the early non‑invasive detection of cervical 
cancer. Furthermore, receiver‑operating characteristic curve 
analysis demonstrated that serum miR‑497 could distinguish 
colorectal cancer or precancerous lesions from normal controls 
with high sensitivity (80.91%) and specificity (81.43%), while 
univariate and multivariate analysis identified serum miR‑497 
as an independent prognostic factor for CRC (131).

miR‑497 affects drug sensitivity and resistance. One of the 
most important reasons for the poor prognosis of postopera‑
tive radiotherapy and chemotherapy is drug resistance, which 

Table III. circRNAs associated with the regulation of miR‑497 expression in cancer.

Cancer type circRNA Expression Target Type of interaction Biological functions (Refs.)

Cervical cancer circ‑0018289 Upregulated miR‑497 Neg Promotes   (98)
     tumorigenesis
Head and neck circPVT1 Upregulated miR‑497 Unknown Oncogenic role (100)
squamous cell 
carcinoma
Non‑small cell circPVT1 Upregulated miR‑497 Neg Promotes tumorigenesis (101)
lung cancer

miR, microRNA; circRNA, circular mRNA.
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adversely affects the survival time of the patients; therefore, 
it is particularly important to explore whether miR‑497 can 
improve drug resistance. In osteosarcoma, miR‑497 enhances 
the sensitivity of osteosarcoma cells to cisplatin through the 
phosphoinositide 3‑kinase/Akt pathway (132). In ovarian cancer, 
miR‑497 reduces cisplatin resistance of ovarian cancer cells 
by targeting mammalian target of rapamycin/P70S6K1 (133). 

In addition, miR‑497 exhibits similar results when studying 
drug resistance to other common chemotherapeutic drugs. In 
pancreatic ductal adenocarcinoma, miR‑497 can increase the 
sensitivity of pancreatic ductal adenocarcinoma cells to erlo‑
tinib and gemcitabine (134). In lymphoma, the upregulation 
of miR‑497 expression can enhance the chemosensitivity of 
lymphoma cells and significantly increase the survival rate of 

Table IV. Transcription factors associated with the regulation of miR‑497 expression in cancer.

Name Target  Type of interaction  Cancer type (Refs.)

miR‑497 YAP1 Direct, neg Non‑small cell lung cancer, hepatocellular carcinoma,  (105‑107)
   thyroid carcinoma
miR‑497 NF‑κB (IKKβ) Direct, neg Prostate cancer (102,103)
miR‑497 Slug Direct, neg Breast carcinoma (108)
miR‑497 HIF‑1α Indirect, neg Breast carcinoma, (111)
miR‑497 SMAD3 Direct, neg Unknown (115)
miR‑497 SMAD7 Direct, neg Breast carcinoma, oral squamous cell carcinoma (116,117)
miR‑497 E2F3 Direct, neg Bladder transitional cell carcinoma (120)
miR‑497 PAX2 Direct, neg Ovarian cancer (119)
miR‑497 PBX3 Direct, neg Multiple myeloma (122)
miR‑497 SOX5 Direct, neg Non‑small cell lung cancer (124)
miR‑497 Twist Direct, neg Pancreatic cancer (113)
miR‑497 SALL4 Direct, neg Hepatocellular carcinoma (104)
NF‑κB miR‑497 Indirect, neg Hepatocellular carcinoma (104)
ERα miR‑497 Direct, neg Breast carcinoma (125)

Neg, negative; miR, microRNA.

Figure 1. lncRNA‑circRNA‑TF‑miR‑497 regulatory network. lncRNA, long non‑coding RNA; circRNA, circular RNA; TF, transcription factor; miR, miRNA; 
Direct, direct targeting; Indirect, indirect targeting.
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the patients (135). In multiple myeloma, miR‑497 can increase 
the sensitivity of multiple myeloma cells to bortezomib (136). 
In colorectal cancer, miR‑497 can enhance the sensitivity of 
colorectal cancer cells to oxaliplatin (137). Notably, although 
the majority of the studies have demonstrated that miR‑497 
agonists can increase the sensitivity of cancer cells to 
chemotherapeutic drugs (132‑137), some studies have yielded 
different results (138,139). A previous study have shown that 
miR‑497 is involved in the resistance of NSCLC cells to 
gefitinib through the insulin‑like growth factor‑1 receptor 
bypass pathway (138). Temozolomide (TMZ) is mainly used 
in the treatment of gliomas. It has been demonstrated that 
overexpression of miR‑497 reduces the sensitivity of glioma 
cells to TMZ chemotherapy (110). Further research has found 
that the downregulation of miR‑497 expression could enhance 
the cytotoxic effect of TMZ on glioma cells, suggesting that 
TMZ combined with miR‑497 antagonists may help reduce 
the incidence of TMZ resistance in gliomas and increase the 
overall response rate of chemotherapy (139).

miR‑497 reflects cancer prognosis. miR‑497 plays an important 
role in the treatment of drug‑resistant cancer and significantly 
affects the prognosis of the patients. Therefore, miR‑497 may be 
a potential biomarker affecting the prognosis of cancer patients. 
It was previously observed that low expression of serum 
miR‑497 is associated with a poor prognosis in patients with 
osteosarcoma (140). Subsequently, it was demonstrated that the 
expression level of miR‑497 increases significantly following 
surgical resection of the primary tumor, indicating that serum 
miR‑497 may be used to evaluate the effect of the surgery, and 
even as a prognostic index of malignant astrocytoma (16). It was 
recently reported that miR‑497 in extracellular microvesicles 
is a predictive biomarker of the benefits of mitogen‑activated 
protein kinase pathway inhibitor therapy in patients with meta‑
static cutaneous malignant melanoma (141). In addition to the 
aforementioned prognostic indicators, survival analysis may also 
be used to reflect the prognosis of disease treatment. Through 
Cox regression analysis, it was revealed that the downregula‑
tion of miR497 expression was associated with longer survival 
time in patients with pancreaticobiliary adenocarcinoma (142). 
miRNA‑seq data analysis of The Cancer Genome Atlas revealed 
that miR‑497 was negatively correlated with the survival of 
patients with oropharyngeal squamous cell carcinoma, which 
was verified in an independent cohort study (143). To further 
verify the potential predictive value of miR‑497 expression 
level for prognosis, two meta‑analyses of multiple studies were 
conducted. In 2018, a meta‑analysis of 12 studies (including 
a total of 989 cancer patients) revealed that tumor patients 
with a high level of miR‑497 expression exhibited longer OS 
times (144). In 2019, a meta‑analysis of 15 studies (including a 
total of 1,760 participants) revealed that lower miR‑497 expres‑
sion levels were significantly correlated with shorter OS time, but 
not disease‑free survival or relapse‑free survival, indicating that 
miR‑497 was not significantly correlated with early prediction, 
but may be of value as a biomarker of long‑term prognosis (145).

5. Conclusions and prospects

The aim of the present review was to summarize the role 
of DNA copy number and epigenetics (DNA methylation, 

lncRNAs, circRNAs and TFs) in the regulation of miR‑497 
expression. At the DNA level, the copy number of DNA is 
positively correlated with the expression of miR‑497, and 
DNA methylation is one of the mechanisms underlying the 
abnormal expression of miR‑497 in cancer. At the transcrip‑
tional level, lncRNAs and circRNAs act as miRNA sponges 
and inhibit miR‑497 expression. In addition, the expression 
of miR‑497 can not only be regulated by TFs, but can also 
be targeted to regulate the expression of TFs, in which there 
is even a feedback loop between miR‑497 and certain TFs 
(e.g., NF‑κB and HIF‑1α). Furthermore, the present review 
also summarized the potential of serum/plasma miR‑497 
as a non‑invasive diagnostic marker, as a factor improving 
chemotherapeutic drug resistance and as a prognostic 
marker. Although the regulatory mechanisms of miR‑497 
expression in cancer were preliminarily summarized, the 
complex networks involved in the regulation of this expres‑
sion are still incompletely understood. Moreover, due to the 
complexity of miRNA biosynthesis and the diversity of the 
target genes involved, it is necessary to further elucidate the 
role of miR‑497 in tumors. The guidelines for diagnosis and 
treatment of primary liver cancer in China (2019 edition) 
points out that the current liver cancer detection kit based on 
a circulating miRNA model has been verified by multicenter 
clinical trials (in a cohort with 1,812 patients), has been 
registered with three types of medical devices by the State 
Drug Administration and has been put into clinical applica‑
tion (146). Although serum/plasma miR‑497 may be used as 
a biomarker for diagnosis, it has not been verified in a large 
number of samples. Notably, most studies have demonstrated 
that miR‑497 agonists can increase the sensitivity of cancer 
cells to chemotherapeutic drugs, and some studies have 
reported that the combination with miR‑497 antagonists may 
help reduce the incidence of TMZ resistance in gliomas; thus, 
different drugs must to be used according to the different 
types of cancer. In addition, novel drugs for miR‑497 must 
be developed. Understanding the regulatory mechanism of 
miR‑497 expression will provide new approaches to further 
study the function of miR‑497 and develop new drugs. In 
conclusion, the varying levels of miR‑497 expression among 
different cancers and healthy patients plays an important role 
in the diagnosis, treatment and prognosis of several tumors, 
and it is worthwhile to study the main mechanism underlying 
this imbalance, as it may prove to be of value in the clinical 
setting.
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