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ARTICLE INFO ABSTRACT

Keywords: MicroRNAs (miRNAs or miRs) are non-coding, single-stranded, endogenous RNAs that regulate
MicroRNA-372 various biological processes, most notably the pathophysiology of many human malignancies. It
Function process is accomplished by binding to 3’-UTR mRNAs and controlling gene expression at the post-
Importance P 1level. A: iRNA. ith 1 . 1 .
Cancer transcriptional level. As an oncogene, miRNAs can either accelerate cancer progression or slow it
Tumor suppressor down as a tumor suppressor. MicroRNA-372 (miR-372) has been found to have an abnormal
Oncogene expression in numerous human malignancies, implying that the miRNA plays a role in carcino-

genesis. It is both increased and downregulated in various cancers, and it serves as both a tumor
suppressor and an oncogene. This study examines the functions of miR-372 as well as the
LncRNA/CircRNA-miRNA-mRNA signaling pathways in various malignancies and analyses its
potential prognostic, diagnostic, and therapeutic implications.

1. Introduction

Cancer is a complicated genetic disease that is the most rampant death in many nations after heart disease [1-3]. It is estimated that
approximately 28.4 million new cancer cases will be diagnosed in 2040, which will be drastically growing in comparison with the rate
of cancer cases which was roughly 19.3 million in 2020 [4]. Most rifle cancer among women is comprised of breast, lung, and
colorectal cancer, while cancer, the most common among men, is such as prostate, lung, and bronchus cancer [2]. Despite significant
research on the diagnosis and treatment of cancer and its pain relief drugs, it remains the leading health concern [5]. As a result, novel
tumor-targeted therapies with greater efficiency and specificity are required. During the past few years, working on genes generating
non-coding RNA (ncRNA) has been revolutionized in diagnosing and treating cancers [1,6]. MicroRNAs are small (18-25 nucleotides),
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endogenous, single-stranded, ncRNAs expressed in cells to control gene expression at the post-transcription level through binding with
the 3’ untranslated region (3’-UTR) of target mRNA molecules [7,8]. In addition, some studies demonstrated that miRs could bind to
the 5° UTR of mRNAs to activate the translation of the target mRNA [9,10]. MiRs, which were first discovered in 1993, has been
proposed to play a critical role in various biological functions, comprising cell growth, apoptosis, migration, differentiation, and
angiogenesis [7,11,12]. Dysregulation of miRs is involved in many diseases, including cancer, cardiovascular disease, multiple scle-
rosis and diabetic nephropathy [13-19]. The role of miRs in cancer was investigated for the first time in 2002 [20]. They play the
opposite role as either oncogenic miRs (oncomiRs) or tumor suppressors [21]. OncomiRs are highly expressed in the cancer cells and
enhance cancer cell division through decreased tumor suppressor genes, while tumor suppressor miRs regulate the processes of sur-
vival and cell cycle division [22]. This discrimination depends on miR molecules’ ability to intervene in carcinogenesis processes,
comprising mechanisms associated with cell proliferation, invasion, metastasis, and apoptosis of cancer cells [21]. The growing body
of research on miRs and cancer is at an extraordinary rate. During the past few years, research on the association between miRs and
cancer has drastically increased, and they can be used as prognostic or therapeutic markers in human cancers [23].

Over the past decade, research interest in the relationship between miRs and various malignancies has grown exponentially. The
discovery of the potential of miRs in the prognosis, diagnosis, and treatment of human cancers has fueled this interest. Currently, miRs
are being tightly investigated in various preclinical and clinical studies for their therapeutic potential in cancer treatment. These
findings have the potential to lead to the development of new, more effective cancer treatments, and improve outcomes for cancer
patients. Although there have been several studies that reviewed the role of various miRs in cancers, such as miR-1297 [24], the
dualistic role of miR-372 in cancer has not been evaluated. Therefore, for the first time, we aimed to review the role of miR-372 in
various cancers comprehensively.

1.1. miR-372

MiRNA-372 (Fig. 1) is a small ncRNA with one exosome count, located on the 19q13.42 chromosome [25]. The function and
expression pattern of miR-372 was first discovered in testicular germ cell tumors in 2006 [26]. Since this miR was identified, several
researchers have worked on its diverse function. Yasukawa et al. revealed that miR-372 can reduce the production of both IFN-p and
pro-inflammatory cytokines in response to viral infection and also controls MAVS-mediated antiviral innate immunity by regulating
mitochondrial metabolism via the SLC25A12 transporter. They found that it could be a therapeutic antiviral target for the RNA viruses
such as influenza A [27]. Besides, Shan et al. acknowledged that miR-372 was upregulated in hyperlipidemic acute pancreatitis
(HTGAP) and had a positive relationship with the severity of the disease. These findings could lead to an innovative strategy for
diagnosing and assessing the severity of HTGAP [28].

Furthermore, miR-372 increases primordial germ cell numbers by repressing multiple pathways, including cell cycle (CDKN1A,
RBL2, CDC2L6), EMT (RHOC, TGFBR2), and epigenetic regulators (MECP2, SMARCC2) [29]. Inhibiting these targets can also boost the
formation of human-induced pluripotent stem cells [30]. Dysregulation of miR-372 has been found in a distinct range of human tumors
(such as breast cancer, colorectal cancer, hepatocellular carcinoma) [31-33]. The expression of microRNA in various cancers has two
contrasting roles as either oncogenic or anti-oncogenic. In this review, we summarize the recent research results on the role of miR-372
in various human cancers and describe its potential diagnostic and therapeutic implications.
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Fig. 1. The hairpin structure of pre-miR-372 and the sequence of mature miR-372-3p & -5p. The miR-372 gene is transcribed into a precursor (pre-
miR-372) with 66 nucleotides in the nucleus, transferred to the cytoplasm by Exportin-5 for further processing to yield mature miRNAs with 23
nucleotides for mature miR-372-3p & -5p. The sequence of mature miR-372 is colored in red. The arrow indicates the orientations from 5’ to 3'. The
codes of miR-372 were extracted from miRBase.
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1.2. MiRNA-372 in cancerous diseases

MiR-372 has been shown to play a crucial role in the carcinogenesis of a variety of human cancers, including Colorectal Cancer
(CRQ), Renal Cell Carcinoma (RCC), Lung Adenocarcinoma (LA), Hepatocellular Carcinoma (HCC), Gallbladder Carcinoma (GBC),
Oral Cancer (OC), Cervical Cancer (CC), Testicular Germ Cell Tumor (TGCT), Pancreatic Adenocarcinoma (PAC), Gastric Cancer (GC),
Cervical Cancer (CC), Ovarian Carcinoma (OVC), Breast Cancer (BC), Prostate Cancer (PC), Nasopharyngeal Carcinoma (NFC),
Melanoma, Osteosarcoma (OS), and Glioma Cell (GLC). MiR-372 plays distinct roles in different malignancies, such as inhibiting or
promoting proliferation, migration, invasion, epithelial-mesenchymal transition (EMT), induction or suppression of apoptosis, and
cell-cycle arrest. Furthermore, its expression level in malignant tissues is commonly measured to be lower than in normal margin
tissues, suggesting that miR-372 is a tumor suppressor. Since miR-372 behaves as an oncogene in some malignancies, its role as a tumor
suppressor or oncogene in human neoplasms can be classified as cancer-type specific. MiR-372 induced both functionalities by tar-
geting various genes, as detailed in Table 1. The action of Long non-coding RNAs (IncRNAs) or Circular RNAs (CircRNAs), which target
miR-372s and operate as a competitive endogenous RNA (ceRNA), causes carcinogenesis in certain malignancies, the so-called sponge
effect (Table 2). The interaction of miR-372 with its target genes, LncRNA and circRNA, and the results reported in Fig. 2.

1.3. MiRNA-372 and nervous system cancers

Central nervous system (CNS) tumors involve mainly the brain (>90%) and the lesser other parts of the CNS. Malignancies that
spread rapidly develop robust angiogenesis, invade normal brain tissue, reveal a short median survival time, and subsequently have a
poor prognosis [24]. The globocan 2020 database provides the latest global data on cancer burden cancer deaths. Its result revealed
brain and other nervous system accounts for 1.6% of new cases of all cancer site (19292789 all sites) and 2.5% of new deaths in all
cancer site of new deaths 9958133 all deaths [4].

Glioma is one of the lethal types of brain tumor originating from the glial cell. The glial cell consists of astrocyte oligodendrocyte
and ependymal cells. Gliomas account for approximately 50% of all malignant primary brain tumors in adults. According to tumor
growth potential and aggressiveness, WHO classified 4 grades for glioma that 1,2 grade is low, and 3,4 are high. Surgery, radiation
therapy, and chemotherapy are treatments that take the situation of the patient into account, although, despite these treatments, the
short median survival time is just approximately 14.6 months [24].

Understanding the disease’s pathogenesis to develop new therapeutic and diagnostic strategies for glioma is crucial. miRNAs are a
class of non-coding RNA that influence various physiological and pathological processes like differentiation, proliferation, apoptosis,
and invasion by regulating the expression of genes at the post-transcriptional level. The profiling of miRNA in gliomas has been studied
in several studies, and a series of miRNA, including mir-9, miR-17, miR-21, miR-184, and miR-342-3p, be predictive biomarkers
associated with glioma progression and clinical outcome. There is also evidence that miR-26a, miR100, miR155, and miR —218 are
both tumor suppressors and oncogenes in glioma [34].

Even so, far better therapeutic opportunities for glioma patients and more insight into the molecular mechanisms of glioma miRNAs
are needed. miR-372 is one of the members of miRNAs that the latest evidence has shown. It has a tumor-suppressing role in glioma.
This review focuses on different mechanisms of miR-372 activity in glioma cells.

A study has proved that the expression of miR-372 was higher in glioma tissue compared to normal brain tissue. The high miR-372
expression was associated with the advanced pathological grade of the patient. Chen et al. assessment unveiled that downregulation of
miR-372 considerably inhibited cell proliferation by modulating PHLPP2. They transfected cells with miR-372 inhibitor, and analysis
showed that inhibition of miR-372 increased the level of PHLPP2 mRNA and protein expression, thus inhibiting the PI3K/AKT
signaling pathway. In other words, inhibition of miR-372 led to a decrease in the phosphorylation levels of critical components of the
PI3K/Akt pathway, such as Akt, mechanistic target of rapamycin (mTOR), and P70S6K, suggesting that miR-372 may be an important
regulator of PI3K/Akt pathway in glioma tissues. Also, luciferase reporter assay results showed that luciferase activity of cells
transfected with miR-372 inhibitor was significantly increased. Furthermore, PHLPP2 has been shown to induce apoptosis and limit
tumor growth in glioblastoma cell lines [34].

Recent research indicates that long noncoding RNAs are key regulatory factors in cancers. FER1L4, one of the important members
of LnRNA investigated in the literature, regulates the cell progression in G2-M through regulating E2F transcription factor 1 (E2F1).
Xia et al. found that FER1L4 and E2F1 were highly expressed in grade 4 glioma tissues. Also, their expression significantly differs
between grade III glioma tissues and grade II. Thus, FER1L4 and E2F1 overexpression predict poor prognosis of gliomas, and FER1L4
knocking down can inhibit the proliferation and cell progression of glioma cells. This study proved that overexpression of hsa-miR-372
caused the downregulation of both FER1L4 and E2F1 expression, and it has a remarkably negative effect on glioma cell proliferation
[35].

One of the dangerous side effects of vascular surgeries and thoracic surgeries is spinal cord ischemia/reperfusion injury (SCII). The
pathological effect of SCII is nerve cell apoptosis which causes limb movement and sensory dysfunction. In-vivo and in-vitro exam-
inations conducted by Moradi et al. unveiled that in spinal cord tissue of SCII rats, expression of miR-34a considerably increased. Also,
they observed that miR-372 knocking down caused upregulation of becline-1 as a regulator of autophagy and subsequently reduced
spinal cord neurons apoptosis [36].

One of the most prevalent neoplasms worldwide is head and neck squamous cell carcinoma (HNSCC); hypoxia occurs during most
tumors’ late stage. Under hypoxic conditions, specific transcription factors, including hypoxia-inducible factors (HIFs), control
transcription programs that promote cell survival in an adverse microenvironment. As a result of Yeh et al. observation of head and
neck tumors in late stages. Hypoxia upregulates HIF-1a in head and neck keratinocytes. Then HIF-1la upregulate miR372. They



Table 1

Target Genes of miRNA-372 Responsible for Its Tumor Suppressive/Oncogenic Action in Different Cancers.

Gene Location Malignancy Cell Lines No. of Outcomes Protein Mir- 372 Reference
Tissue expresstion
sample
RUVBL2 19q13.3 Non-small cell lung N/A CL 1-0 N/A Increases regulation of cell growth RuvB-like 2 1 [165]
cancer and transcription
- - Lung BEAS-2B A549 N/A Increases growth, migration, Wnt/f-catenin 1 [166]
adenocarcinoma invasion and decreases apoptosis
MTOR 1p36.2 Lung BEAS-2B A549 N/A Increases growth, migration, mTOR t [166]
adenocarcinoma invasion and decreases apoptosis
CAl12 15q22.2 Lung N/A A549 N/A Patients with reduced CA12 in CA12 proteins 1 [167]
adenocarcinoma tumors have an increased risk of
recurrence
FGF9 13q12.11 Lung squamous cell BEAS-2B NCI-H520, 20 Induces cell cycle arrest in GO/G1 FGF9 1 [168]
carcinoma SK-MES-1 and stage
NCI-H1703 Increases apoptosis
TP53 17p13.1 nasopharyngeal N/A 5-8F,C666-1, TW01 N/A Enhancing radiosensitivity while p53 l [169,
carcinoma suppressing invasion and metastasis 170]
BAX 19q13.33 Nasopharyngeal N/A 5-8F,C666-1,TW01 N/A Induces mitochondrial dysfunction BAX l [169,
Carcinoma and death 170]
BCL2 18q21.33 Nasopharyngeal N/A 5-8F,C666-1,TW01 N/A inhibition of cell progression due to a Bcl-2 l [169,
Carcinoma prolong duration of G1 phase, anti- 1701
apoptotic gene
CDK2 12q13.2 Nasopharyngeal N/A TWO1 N/A Cell proliferation Cdk-2 | [170]
Carcinoma
CCNA1 13q13.3 Nasopharyngeal N/A TWO1 N/A Cell proliferation Cyclin-Al l [170]
Carcinoma
PRKACB 1p31.1 Hepatocellular QSG-7701, Huh-1 14 Decreases phosphorylation of CREB - l [171]
carcinoma Chang liver and Huh-4, Hep3B, HepG2, and CERB down regulates HULC
HL-7702 Huh-7, SNU-449, SNU-
475
ATAD2 8q24.13 Hepatocellular LO2 SMMC7721, QGY- 129 reduced their capacity for invasion tRNA-specific l [172]
carcinoma 7701, and proliferation and led to a G1 adenosine deaminase
Bel-7402, PLC5, Huh7, phase arrest 2
HCCLM3, HepG2
MCL-1 1q21.2 Hepatocellular N/A HepG2 88 Anti-apoptosis Mcl-1 l [173]
carcinoma
E2F1 20q11.22 Hepatocellular N/A HUH-7/DDP 95 Anti-apoptosis E2f-1 l [174]
carcinoma
CUL4B Chromosome Bladder cancer N/A T24 77 Increased motility, invasiveness, Cullin 4 B | [125]
X 253J stemness and chemoresistence
5637
RT112
RT4
SV-HUC-1
FXYD 11q23.3 Osteosarcoma hfOB1.19 0208 30 Promotes tumor growth FXYD6 | [117]
SOSP-9607
MG-63
LATS2 13q12.11 Ovarian cancer N/A OVCAR3 N/A Cell proliferation Large tumor l [137]
A2780 suppressor kinase2

(continued on next page)
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Table 1 (continued)

Gene Location Malignancy Cell Lines No. of Outcomes Protein Mir- 372 Reference
Tissue expresstion
sample
LATS2 13q12.11 Prostate cancer N/A DU145 25 Tumor suppressor Large tumor 1 [150]
PC3 suppressor kinase2
LATS2 13q12.11 Testicular germ cell N/A N/A N/A Tumor suppressor Large tumor t [26]
tumor suppressor kinase2
RhoC 1p13.2 Endometrial N/A N/A N/A Cell growth RAS homolog family l [134]
carcinoma Migration and invasion member C
TP65 11q3 Prostate cancer N/A DU145 20 Cell proliferation P65 l [149]
Invasion and migration
Sequestosome 5q35.3 Ovarian cancer N/A OVCAR3 N/A Cell proliferation P62 l [137]
1 A2780
CDK2 12q13.2 Cervical cancer N/A HeLa 18 Cell proliferation Cyciln-dependent l [129]
C33A kinase 2
CDK2 12q13.2 Endometrial cancer N/A N/A N/A Cell proliferation Cyciln-dependent l [134]
kinase 2
CCNA1 13q13.3 Cervical cancer N/A HeLa 18 Cell proliferation Cyclin A1 l [129]
C33A
CCNA1l 13q13.3 Endometrial caner N/A N/A N/A Cell proliferation Cyclin A1 | [134]
CCNA1 13q13.3 Ovarian cancer N/A OVCAR3 N/A Cell proliferation Cyclin A1 l [137]
A2780
ATAD2 8q24 Ovarian cancer N/A OVCAR3 N/A Cell proliferation and metastasis ATPase Family AAA l [137]
A2780 Domain Containing 2
ATAD2 8.q24 Renal cell carcinoma  HK2 Caki-1 52 Cell proliferation ATPase Family AAA l [143]
786-0 Domain Containing 2
A498
ACHN
Caki-2
DKK1 10g21.1 Ovarian cancer N/A OVCAR3 N/A Cell proliferation Dickkopf-related l [137]
A2780 protein 1
IGF2BP1 17q21.32 Renal cell carcinoma  HK2 769-P 30 Cell proliferation and invasion Insulin-like growth l [142]
786-0 factor2 mRNA-binding
A498 proteinl
SN12-PM6

N/A: Not Applicable.
1: Increased expression of miR-372.
|: Decreased expression of miR-372.
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Table 2
Oncogenic Circular RNA and Long Non-Coding RNAs (IncRNA), Which Act as Competitive Endogenous RNA (ceRNA) for miR-372 (So-Called
Sponging Effect) in Different Cancers.

RNA Malignancy Cell Lines No. of Tissue Outcomes References
Normal Cancerous Samples (Pair)
KCNQ10T1 Lung HEK293 A549, 50 larger tumor, advanced clinical stage, [175]
adenocarcinoma H1975 and a lower response rate to concurrent
therapy
OSER1-AS1 Hepatocellular N/A HepG2 and Hep3b 34 the proliferation, invasion and migration [176]
Carcinoma of HCC cells, and induced the
apoptosis
LncRNA Hepatocellular N/A N/A 100 tumor node and metastases (TNM) higer ~ [62,171]
HULC Carcinoma stage,

HCC recurrence, intra-hepatic
metastases, and Lower postoperative

survival.
PCAT-14 Hepatocellular LO2 Huh7, 120 proliferation and invasion of [66]
Carcinoma HCCLM3, HepG2, hepatocellular carcinoma cells
SMMC7721, PLC5, and
QGY7701
LncRNA Osteosarcoma HfoB SAOS-2 32 Cell proliferation, migration and [119]
HULC U20S invasion of OS cells
HoS
MG63
Circ_0001721 Osteosarcoma HfoB1.19 U20S 56 Tumor growth, proliferation, invasion, [118]
HoS migration, EMT and promote cell
apoptosis

N/A: Not Applicable.

identified that miR-372 could stimulate migration and increase ROS by targeting p62 through binding to its 3’-UTR site and causing
downregulation of p62 (also called sequestosomel or SQSTM1 is a ubiquitin-binding protein). Eventually, this study elucidates those
high levels of plasma and salivary miR-372 corresponded to the progression of HNSCC and higher mortality of the patient [37].

The contradictory expression pattern of miR-372 in different tissue is what a thing makes this field interesting, and it needs more
research for therapeutic and prognostic purposes.

1.4. MiRNA-372 and respiratory system cancers

Lung carcinoma has progressed from an uncommon disease to one of the most common cancers globally and a leading cause of
death from cancer in the last century [38]. Furthermore, a global statistical analysis demonstrated that 1.8 million new cases were
diagnosed worldwide in 2012 [39]. Lung cancer risk factors include genetic and behavioral factors, chronic inflammation from in-
fections, ionizing radiation, air pollution, and other risk factors [40]. It is becoming increasingly difficult to ignore the low overall
5-year survival rate for lung cancer and its minimally changes in decades [41-43]. Thus, several attempts have been made to
recommend possible therapeutic targets. In 2012, Lai et al. reported that miR-372 increased the invasive ability of CL 1-0, and
comparative proteomic profiling was used to identify the possible mechanism. Findings of the study showed that the possible
mechanism is a complement of the RNA sequence of miR-372 with ribonucleic acid sequences of eukaryotic initiation factor 4A-I, heat
shock protein 90-alpha, and RuvB-like 2 [44]. Three years later, Mallick et al. suggested that cells with overexpression of MiR-372
proliferated faster with a higher percentage of the cells in the S phase of the cell cycle and had more capability for migrating and
invading the extracellular matrix. Also, these cells formed bigger xenograft tumors in mice, and microarray analysis demonstrated that
overexpression of MiR-372 altered the expression of 1,186 genes. One of the critical genes investigated in this study was the
anhydrase-encoding CA12 gene which downregulation of this gene by MiR-372 plays a crucial role in the risk of cancer recurrence.
Finally, they concluded that a higher miR-372 level correlates with a poorer prognosis in NSCLC [45]. In 2017, Wang et al. tran-
s-infected lung squamous cell carcinoma (LSCC) with Mir-372-3p, which led to suppression of Fibroblast Growth Factor 9 (FGF9)
expression. Thus, Mir-372-p has an oncogenic effect by promoting cell growth and metastasis via targeting FGF9 [46].

Furthermore, in 2018 Sun et al. demonstrated that in comparison to the propofol + negative control group, the expression levels of
Wnt3a, p/total p-catenin, p/total p70S6K, and p/total mTOR proteins in human lung cancer cells were increased in the propofol +
miR-372 mimic group and decreased in the propofol + miR-372 inhibitor group. These results indicate that propofol suppressed
growth, migration, and invasion of lung adenocarcinoma cells and inactivation of Wnt/f-catenin and mTOR pathways by down-
regulation of miR-372 [47].

A recently published paper by Moradi et al. investigated possible causes of resistance to stereotactic body radiotherapy in the lung.
This study detected downstream miRNA expression and upregulated miR-372-3p after sh-KCNQ1OT1 transfection by microarray. The
possible mechanism of KCNQ1OT1-induced SBRT resistance mentioned in the promotion of ATG5-and ATG12-dependent autophagy
via sponging miR-372-3p. In addition, overexpression of miR-372-3p inhibited autophagy and enhanced the radiosensitivity of IR-
resistant cells [48].
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Fig. 2. Effects of miR-372 on its target genes for regulating tumorigenesis biological behaviors. In the figure, all the target genes of miR-372 with
tumorigenesis of human cancers have been shown. For example, miR-372 represses tumorigenesis by suppressing the PRKAC8 gene. In this regard,
IncRNA-HULC inhibits the anti-tumor effect of miR-372. On the other hand, it has been reported that miR-372 via suppressing the FGF9 as well as
activation of Wnt/B-Catenin and mtor signaling pathway leads to increased tumorigenesis biological behaviors.

Nasopharyngeal carcinoma (NPC) is a rare malignancy worldwide, but it is endemic in some geographical regions, including
Southeast Asia, North Africa, and the Arctic [49]. Also, epidemiological trends have shown that its incidence has declined gradually in
the past decade [50] The main risk factors of NPC include Epstein-Barr virus infection, high consumption of salt-preserved fish,
smoking, and lack of fresh fruit and vegetable intake [51] However, the major problem with NPC is that >70% of patients were
diagnosed at advanced stages, and the median survival of these patients is three years. Thus, improving diagnostic and therapeutic
methods is necessary [52,53]. Meanwhile, microRNAs have been reported to regulate tumor radio-sensitivity by modulating DNA
damage repair, cell cycle checkpoint, tumor microenvironment, and apoptosis [54]. Therefore, several studies have been conducted to
identify the role of mir-372 on radiosensitivity, invasion, and metastasis of NPC. In 2014, Tan et al. transfected NPC TWO01 cells with
the miR-372 precursor molecules and conducted gene expression studies using RT-PCR assays for nine cancer-related genes.
Furthermore, they investigated the effects of miR-372 on cell proliferation, cell cycle arrest, and apoptosis. Findings demonstrated that
a "high level of MiR-372 resulted in a significant increase of cells at the S phase and reduced cells in both the G2/M phase". Also, a
comparison between transfected TWO1 cells and untransfected cells revealed that four genes, including INCA1, CDKN1A, BIRC5, and
LATS2, were up-regulated, and five genes including CCNA1, CDK2, BAX, TP53, and BCL2 were down-regulated in the transfected
TWO1 cells. The possible mechanism for decreasing TWO01 cell proliferation and S phase cell arrest is down-regulating both CDK2 and
CCNA1 by directly binding to their 3’UTR regions [55]. In 2018, Wang, Z. et al. studied the role of miR-372 in radio-sensitivity, in-
vasion, and metastasis of NPC by using microarray analysis to explore NPC-related differentially expressed genes. They also inves-
tigated the PBK-dependent p53 signaling pathway. Findings demonstrated that miR-372 expression enhanced radiosensitivity while
suppressing invasion and metastasis via the expression of PBK and activating the p53 signaling pathway. Besides, over-expressed
miR-372 down-regulated PKB and Bcl-2 expression and the extent of Akt phosphorylation while up-regulated the expression of Bax and
p53 [56]. Surprisingly, we found that miR-372 plays an anti-tumor role in NPC, unlike its oncogenic role in lung carcinoma. These
findings may suggest novel ideas for future NPC treatments. Overall, our study shows that mir-372 plays an oncogenic role in different
types of lung cancer, which would be a potential therapeutic target to improve lung cancer treatments.
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1.5. MiRNA-372 and hepatocellular carcinoma

Primary liver cancer is the fifth most common cancer and the third cause of death among different cancers worldwide [57].
Furthermore, the incidence of liver cancer is becoming a warning state, with 841,080 cases globally [58]. Several studies were
accomplished to illuminate molecular pathways involving primary liver cancer. In this regard, Wu et al. found the anti-tumor role of
MiR-372 in hepatocellular carcinoma (HCC) via four experimental shreds of evidence, including (a) downregulation of MiR-372 in
HCC cells; (b) aberrantly high DNA methylation of gene promoter in the MiR-372 that induces epigenetic silencing of MiR-372; (c)
MiR-372 can inhibit proliferation and invasion of HCC cell lines; (d) low Mir-372 was related with tumor metastasis and poor prognosis
[59]. These findings contradict a previous study accomplished by Gu et al., demonstrating that the expression of miR-372 in HCC is
higher than in normal cells and correlates with advanced tumor progression [33]. However, more recent evidence supported the
anti-tumor role of miR-372 in HCC [60-62]. In 2020 Soliman et al. published a paper that described that over-expression of MiR-372-p
in HepG2 indirectly reduced the expression of Mcl-1(myeloid cell leukemia 1) at both gene and protein levels. Mcl-1 is a key
anti-apoptotic protein member of the Bcl-2 family and is identified to have an important role in tumor pathogenesis [60]. Furthermore,
in 2019 Fan et al. expressed that MiR-372-3p was under-expressed in HCC tissues and negatively correlated with the level of
OSER1-AS1. OSER1-AS1 is a long non-coding RNA (IncRNA) that might play an oncogenic role in HCC, and the high expression of
OSER1-AS1 was closely associated with advanced tumor stages, larger tumor size, and lower disease survival in HCC patients. The
possible mechanism is a molecular sponge role of OSER1-AS1 for miR-372-3p to promote Rab23 expression [61]. Previous studies
support this claim that higher expression of Rab23 was detected in HCC and was related to the poor overall survival of patients [63,64].
LncRNA, highly up-regulated in liver cancer (HULC), is another Competitive Endogenous RNA (ceRNA) for miR-372 investigated by
Wang et al. nine years before. This study demonstrated that inhibition of miR-372 reduces translational repression of its target gene,
PRKACB, which in turn induces phosphorylation of CREB (cAMP response element binding protein). CERB up-regulates the HULC
expression level, which in turn starts a cascade of molecular events to increase the chromatin accessibility for the general transcription
in liver HCC [65]. In 2020 Shaker et al. also reported the inhibitory role of HULC for MiR-372 and lower expression levels of MiR-372
in both HCC and HCV groups compared to the control group [62]. PCAT-14 is another IncRNA that inhibits miR-372 expression by
inducing methylation of CpG islands in the miR-372 promoter. Inhibition of MiR-372 promotes the ATAD2 gene and Hedgehog (Hh)
pathway key proteins, including PTCH-1, SMO, and Gli2. Finally, the Hh pathway induces proliferation, invasion, and cell cycle in HCC
cells [66]. Another study also confirmed that the ATAD2 mRNA 3’ non-coding region (3’ UTR) has a binding site for miR-372 and
ATAD2 knockdown, decreasing liver cancer cells’ invasive and migratory capacity. Also, this study mentioned the up-regulated APC
gene and downregulated CTNNA1 gene after knocking down ATAD2, so concluded it might be the mechanism of ATAD2 gene action
[67].In 2021, Wang et al. investigated the potential role of Fer-1 like family member 4 (FER1L4) in chemotherapy resistance and liver
cancer development. They applied dual-luciferase reporter gene assay, bioinformatics analysis, and RNA pull-down were to compare
possible binding relationships between clinically collected liver cancer tissues and the HUH-7/DDP cell line. Results demonstrated that
FER1L4 promotes drug-resistant liver cancer progression by inhibiting miR-106a and miR- 372-5p expression. MiR-106a and miR-
372-5p knock-down results to upregulation of E2F1 and activation of nuclear factor-kB (NF-kB). NF-kB up-regulates Bcl-2, PCNA,
MMP9, and P50, which inhibits apoptosis pathway. Therefore, suppression of NF-kB may be new therapeutic target for the
drug-resistant HCC treatment [68]. Altogether, our study provides evidence that miR-372 plays an anti-tumor role in HCC. These
findings may shed light on the improvement of HCC treatments.

1.6. MiRNA-372 and gastrointestinal cancers

The prevalent head and neck carcinoma are oral cavity cancers whose death rate is exponentially high despite improving diagnosis.
The five-year survival of this disease is about 50%. As a result, detecting biomarker plays a staple role in the early diagnosis of such
cancer. One of the biomarkers worked over the past decade is the micro-RNA form of tumor genesis and tumor suppressor [69]. In what
follows, the impact of miR-372 on oral cancer worked by some investigators is reviewed. The commonality between the outcome of
these studies was upregulating miR-372 in oral squamous cell carcinoma (OSCC). Yeh et al. (2018) asserted that the target gene of
miR-372 is Zinc finger and BTB domain-containing 7A (ZBTB7A), which is inversely related to miR-372. ZBTB7A expression augments
drug (CDDP) sensitivity through activating three death receptors named Trail-R1, Trail-R2, and Fans expression [70]. In addition to
mentioned issues, Yeh et al. (2020) underlined that ZBTB7A can trans-activate merely TRAIL-R2. Besides, they declined in ZBTB7A
expression, leading to aggravating prognosis and boosting the migration of OSCC cells, proliferation cells in the G2/M stage, and
invasion of tumor cells [71]. Yeh et al. (2014) reported that hypoxia is conducive to the overexpression of miR-372, which is associated
with the development of OSCC. This study identified a new target of miR-372 named P62, upsetting ROS equilibrium and leading to
decreasing migration of tumor cells [72]. Some scholars emphasized that nodal metastasis, lympho-vascular invasion, and poor
survival correlated with the high level of miR-372 [73,74]. Plus, Tu et al. emphasize that LATS2 expression, the target gene of miR-372,
is negatively related to miR-372 [73]. Furthermore, another study maintained that mono-2-ethyhexyl phthalate (MEHP) contributed
to aggrandizing oral cancer cells and proliferating cell nuclear antigens (PCNA). However, it lowers miR-372-5p expression. In fact, the
target of miR-372-5p is PCNA (3’UTR domain) which is inversely associated with miR-372-5p [75].

Gastric Cancer (GC) is the fifth most diagnosed cancer and the fourth most common cause of cancer death. In 2020, approximately
769,000 out of over one million died from stomach cancer worldwide. Research shows that the incidence rate among men is two times
higher than women. GCs can be fundamentally divided into two main categories consisting of cardia (CGC) and non-cardia (NCGC) [4,
76]. The risk factors for gastric cancer are helicobacter pylori infection, low socioeconomic status, tobacco smoking, alcohol con-
sumption, diet, and genetic factors [77,78]. In 2006, the connection between microRNA and GC was firstly identified, which could play
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an essential role in the early detection of gastric cancer [79,80]. Evidence from disparate research shows a high correlation between
Gastric cancers and overexpression of miR-372, whose role is oncogenicity.

According to Cho et al. and Ghasemi et al., LATS2, the target of miR-372, is negatively associated with miR-372. Either over-
expression of LATS2 or the inhibition of miR-372 by AS-miR-372 use leads to lowering the proliferation of tumor cells, ceasing the cell
cycle at the stage of G2M, and boosting AGS cells apoptosis [81,82]. Besides, Cho et al. suggested that the increased level of LAST2 is
conducive to reducing Cyclin B, Cds2, Bcl, and ICAD expression and increasing AGS cell apoptosis [81]. Furthermore, as reported by
Ghasemi et al., the decrease of LATS2 brings about the unsteadiness of the genome throughout cell division and making micronuclei
[82]. In the other study reported by Zhou et al., miR-372 is attached to the 3’UTR site of tumor necrosis factor a-induced protein 1
(TNFAIP1), which is inversely associated with miR-372 expression; MiR-372 leads to the development of tumor cells and the inhibition
of apoptosis. Moreover, they professed that TNFAIP1 acts as a mediator between miR-372 and NF«B activation, resulting in enhanced
cell survival through the activation of anti-apoptotic genes downstream of NFkB. Collectively, our data indicate that an oncogenic role
of miR-372 may be through control of cell growth and cell apoptosis by downregulating the TNFAIP1 and positively regulating NFkB
expression.

Plus, they asserted that miR-372 expression is unmeasurable, as well as the high level of TNFAIP1 in the HGS cell line, but the level
of miR-372 is high in the AGS cell line [83]. Staedel et al. evaluated the effect of 8-mer-locked nucleic acid (LNA) on miR-372 seeds
leading to the inhibition of miR-372 and the increase of LAST2, which is a target of miR-372 expression. All mentioned factors
contribute to reducing the growth of cells [84]. Following one research investigation conducted by Belair et al., after approximately 24
h of the helicobacter pylori, infection causes the miR-372 expression to lower and LAST2 to augment. In a sense, the mentioned process
is conducive to terminating the cell cycle at the phase of the G1/S. This downregulation of miR-372 expression relies on the place of
bacteria effector cog-A getting attached to the host cells. The augmentation of miR-372 expression may contribute to the proliferation
of the cell cycle throughout the increased level of p21cipl/wafl, which fundamentally builds up in AGS cells [85]. Vo et al. came up
with the innovative idea, which is new small RNA ligands including two RNA binding motives conjugation. Small RNA precludes the
synthesis of tumorigenesis miR-372 by inhibiting the Dicer enzymes process playing a role in constructing miRNA, which is made of
pre-miRNAs. Moreover, they asserted that the target of this miRNA is the LATS-2 protein [86].

The third most prevalent cancer, diagnosed in women and men, is called CRC, divided into the colon, rectal and anal cancers. The
evidence of many kinds of research acknowledges that CRCs will have grown drastically among the vast majority of older people by
2035 [2,4,76]. With regard to the high prevalence and importance of CRC, different dimensions of pathogenesis have been taken into
account at a molecular level in recent years [87,88]. Many researchers have analyzed the relationship between microRNA-372 and
colorectal cancer during the past few years. A growing body of evidence indicates that those patients diagnosed with CRC funda-
mentally have high expression of microRNA-372 in their body, act as a carcinogen and play an essential role in tumorigenesis in CRC
[32,89-93]. According to Yamashito’s research outcome, a target of miR-372 is a large tumor suppressor 2 (LATS2), which is inversely
correlated with miR-372.

Furthermore, they asserted that upregulation of miR-372 has a fundamental relationship with distant metastasis, particularly in,
Liver. In a sense, those patients diagnosed with liver metastasis have drastically higher expression of miR-372 and lower expression of
LAST2 than other patients without liver metastasis. Besides, Yamashito’s research found that patients with high miR-372 expression
are exposed to shorter five-year survival rates and are considered a poor prognosis factor [32]. Peng et al. obtained the same outcome
showing LATS2 is a target of miR-372-3p, which had an inverse correlation with LATS2. The high expression of miR-372-3p is closely
tied up with tumor size and differentiation of CRC cells, and it pertains to the lowest five-year relative survival. The role of LATS2 is to
suppress tumor genes, mitigating the proliferation, migration, and apoptosis of CRC cells through a Hippo signaling pathway [89].
Based on Yu’s and his colleagues’ research, the level of miR-372 remarkably upgraded both CRC and colon precancerous lesions (CPL).
The increased level of miR-372 expression is related to tumor size, Tumor-Nodes-Metastasis (TNM) stage, leading to worse overall
survival. The serum levels of miR-372 drastically decreased in those ECRC patients undergoing surgery relative to preoperative serum
miR-372 levels. Taken together, the serum levels of miR-372 are of significant importance in the early diagnosis and prognosis of CRC
[90]. According to Zhang et al., miR-372 is the predictor factor for the response to chemotherapy in patients with CRC [91]. Ragusa
et al. contended that the miR-372 is higher in CRC patients with mutated KRAS than those with wild-type genotype. They introduced
another signaling pathway called mitogen-activated protein kinase (MAPK)/extracellular signal-regulated kinase (ERK), which reg-
ulates miR-372 through TRBP phosphorylation. The outcome of their research cast light on the fact that the target of the miR-372 gene
is TXNIP which is inversely correlated with miR-372. While TXNIP is upgraded through MAPK/ERK inhibitors (name as U0126,
FR180204, and WAY265506), miR-372 expression remarkably reduces in CRC cell lines [92]. The other study conducted by Wang
et al. (2018) is concerned with other dimensions of miR-372 features. Their research indicated that decreasing some pathways and
signals enhances the stemness of CRCs. The overexpression of miR-372 causes phenotype cancer stem cells (CSC) to enhance in the
body. Besides, the researchers realized that the high level of miR-372 leads to resistance to the chemotherapeutic drug in patients with
CRC. In a sense, even miR-372 inhibitor (TuD) could not remove the remarkable effect of drug resistance. CRC cell invasion, migration,
tumor formation, and the protein levels of CSC markers (CD44 and CD26) were boosted by overexpression of miR-372. A set of
signaling pathways called Hedgehog, c-Myc, and Nanog enhance by enforced expression of miR-372. However, some signaling
pathways (NFkB, SP1, MAPK/Erk, and vitamin D) and a series of genes such as RELA, VDR, SETD7, SPOP, TRERF1, ZNF367, and
MTUS1 lower with the existence of overexpression of miR-372. The investigator elicited three genes (VDR, SPOP, and SETD7) amid
mentioned genes to meticulously be considered. Furthermore, they asserted that decreasing these genes contributes to upgrading the
CSD population. In fact, such genes play a fundamental role in suppressing tumor formation in the body. Also, the researchers worked
on another signaling pathway named Wnt/p-catenin, which is significant in maintaining CRC stem cells and a sharp decline in the
NFkB pathway. In effect, cross-talking between Wnt/p-catenin and NFkB in CRC cells is created by miR-372 expression, as key effectors
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of Wnt/f-catenin signaling [93].

Gallbladder cancer (GBC) is the most common and lowest survival cancer among all biliary tract cancers [94,95]. An estimated
11980 new cases and 4310 deaths of biliary tract cancers will be diagnosed in 2021 [2]. There is merely one study focusing on the
association between miR-372 and GBC. Zhou et al. researched the relationship of hsa-miR-372 with GBC, and they indicated that in
GBC, the level of hsa-miR-372 expression, whose target is likely CLIC1 (Chloride intracellular channel 1), is lower. Even though the
decline in miR-372 expression is associated with an advanced and aggressive tumor, shorter overall survival, and metastasis, the
decrease of hsa-miR-372 expression is not correlated with age, sex, tumor size, and gallbladder stones [96].

Toll death of pancreatic cancer is the highest among other gastrointestinal cancers since most patients are diagnosed at the
advanced stage and metastasis [97,98]. The 5-year survival rate is approximately 10% worldwide [2,76,97]. As reported in 2020, the
number of new cases and deaths are 49,5773 and 46,6003, respectively [4]. In doing so, early detection and treatment of this insidious
cancer are important in saving patients and increasing their overall survival. s, many experimental studies are working on the
biomarker of pancreas cancer, a microRNA, to find a way to diagnose and treat in the earlier stage of the disease. Just one research
indicates the association between miR-372 and pancreas cancer described in the process of autophagy [99]. Chen et al. demonstrated
miR-372 expression decline in human pancreatic adenocarcinoma cells (HPAC). The function of miR-372 is to inhibit proliferation,
invasion, migration, and autophagy of HPAC and increase cell apoptosis. A UNC5Q-like kinase (ULK1), a target of miR-372, is inversely
related to miR-372. The augmentation of miR-372 expression reduces both mRNA and protein levels of ULK1 and phosphorylation.
ULK1 causes the autophagy process to begin. The inhibitor of ULK1 is mTOR. However, this process is regulated by the adenosine
monophosphate-activated protein kinase (AMPK). Autophagy is in relationship with LC3, whose subgroup is named LC3-II, which
boosts HPAC. The autophagy substrate is P62, increasing in HPAC. Both LC3-II and P62 levels are inverse associated with miR-372.
Si-ULK1, which is an inhibitor of the autophagy process, inhibits ULK1 and LC3II but causes an increase of P62 and LC3-I. All the
impacts of miR-372 on HPAC are reversed through the inhibition of ULK1 with chloroquine treatment. The decline in LC3-II is through
the knockdown of ULK1, but LC3-II increases by exogenous ULK1 and chloroquine. The level of p62 increases by the knockdown of
ULK1. Nevertheless, the extent of P62 is lowered by exogenous ULK1. These processes highlight that miR-372 affects HPAC survival via
targeting p62 and adjusting autophagy by targeting ULK1 [99]. A plethora of research has yet to be conducted in this field. However,
another study investigated by Yu et al. shed light on the fact that the level of miR-372 expression decreases in pancreatic intraepithelial
neoplasia (PanIN) [100].

1.7. MiR-372 and breast cancer

Breast cancer (BC) is considered the most ubiquitous cancer diagnosed among women worldwide, except for skin cancer.
Approximately 41,760 out of 268,600 women diagnosed with invasive breast cancer will be dead. In the same vein, worldwide, a large
population of women, constituting roughly 13%, will be diagnosed with invasive breast cancer [101-103]. Many studies shed light on
the fact that the mortality rate of BC, which is common among women, is exceedingly high after lung cancer in the US [101,104].
However, the rate of the BC toll remarkably mitigates in developed countries like the US because of innovative therapeutic and
diagnostic methods [105]. Fundamentally, breast cancer is categorized in terms of molecular and histological subtypes. The former is
contingent on two hormone receptors (estrogen and progesterone) and the expression of the human epidermal growth factor receptor 2
(HER2-positive/HER2-negative) protein. The latter is divided into invasive ductal carcinoma, invasive lobular carcinoma, and mixed
ductal/lobular carcinomas. The most common breast cancer subtype is HR-positive/HER2-negative and invasive ductal carcinoma
[101,106]. Over the past few years, one of the biomarkers that have stood out in breast cancer progression is essentially microRNA
playing an essential role in carcinogenesis [107]. In this study, we review assorted research regarding the role of miR-372 in BC cases.

The outcome of one research conducted by Zhao et al. asserted that the expression of miR-372, whose target is E2F1, is down-
regulated in both BC specimens and cell lines since the responsibility of miR-372 is tumor suppressive in BC development. In a sense,
this research demonstrated that E2F1 is upregulated in human breast cancer tissues compared to their close normal tissues, and also,
there is a significantly negative correlation between the mRNA level of E2F1 and miR-372 levels in BC tissues. Moreover, their research
asserted that miR-372 prohibits proliferation and results in apoptosis in breast cancer through targeting E2F1 [31]. In contrast with
such research, another research investigated by Cheng et al. and Fan et al. provided a different perspective on miR-372. They con-
tended that miR-372 is considerably upgraded in the BC tissues and cell lines. In doing so, the downregulation of miR-372 impedes the
increase of BC cells in the body. They shed light on that miR-372 plays an oncogenic role in the BC cells [108,109].

What’s more, Cheng et al. maintained that large tumor suppressor kinase 2 (LATS2) is the target gene of miR-372 in the BC tissues.
LATS2 downregulation reverses the anti-proliferation effect of AS-miR-327 in breast cancer cells [108]. Along similar lines, Fan et al.
presented that the increase of miR-372-3p expression culminated in leading to shorter survival time in breast carcinoma patients, and
also, although it is tied up with two leading factors called tumor size and tumor stage, it is by no means related to age, gender, and
lymph node metastasis. In doing so, miR-372-3p is considered a prognostic factor for BC cases. Besides, they stated that miR-372-3p
stimulates breast carcinoma cells’ epithelial-mesenchymal transition (EMT) via activating the pathway of Wnt. MiR-372-3p got
attached to DKK1, which is the inhibitor of the Wnt pathway. In reality, there is a reverse relationship between mir-372 and DKK1
[109]. Nevertheless, taken together, it is still required that other prospective researchers work on the impact of miR-372 on breast
cancer cases.

1.8. miR-372 and osteosarcoma
Osteosarcoma (OS) is the most prevalent malignant bone tumor that frequently occurs in children and young adults dedicated %3.4
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of all childhood cancers to itself [110]. OS mainly occurs in the long bones’ metaphysis, especially the distal femur or proximal tibia
around the knee [111]. Some risk factors related to OS occurrence: Age, gender, socio-economic status, height, environmental features,
and genetics [112]. Genetic research is fundamental in OS prevention and treatment strategies, in light of the most cardinal cause of OS
is genetic mutations [113]. Countless mutations could potentially predispose to OS [114]. It is found that miRNA dysregulation may
promote or inhibit OS metastasis [115]. It has been realized that RNA dysregulation, including miRNA dysregulation, has a decisive
role in OS initiation and progression [116]. Xu et al. revealed that miR-372 is presented as a tumor suppressor gene in OS. They proved
that miR-372 over-expression inhibits the proliferation, migration, and invasion of OS cells in vivo and in vitro. MiR-372 did its tumor
suppressor part by suppressing FXYD6 mRNA [117]. Two years later, Gao et al. unveiled that Circ_ 0001721, a circular RNA, was
upregulated in OS more than in normal tissues. Circ_0001721 knockdown inhibited glycolysis, cell proliferation, cell migration, in-
vasion, and epithelial-to-mesenchymal transition (EMT) and promoted apoptosis by regulating miR-372 through the MAPK7 pathway.
MiR-372 appeared as a tumor suppressor through the MAPK?7 axis [118]. In another study, Li et al. proved that HULC has a common
suppressive effect on miR-372 expression. Also, the knockdown of miR-372 leads to the proliferation, migration, and invasion of OS
cells in vitro. HULC could cause OS tumor growth and metastasis through the miR-372/HMGB1 axis. Thus, miR-372 has a suppressive
role in OS by inhibiting proliferation, migration, and invasion by targeting HMGB1 [119].

1.9. miR-372 and genitourinary cancers

Genitourinary (GU) system cancers are one of the most prevalent malignancies in clinical practice, accounting for an estimated
540,970 new cancer patients and 101,050 deaths in 2021 in the United States [2,120]. Furthermore, GU malignancies are higher in
men than in women, especially in bladder cancer subjects; it is as much as three times higher. GU neoplasms are still responsible for
millions of fatalities annually, despite current diagnosis breakthrough procedures, notably imaging techniques and therapy oppor-
tunities [120]. In GU cancers, many investigations demonstrate that miR-372 possesses tumor-suppressive characteristics.

Bladder cancer is the second most prevalent urinary tract malignancy, assigned the highest lifetime treatment costs per patient in
all cancers [121]. Bladder cancer is responsible for %3 of cancer diagnoses worldwide and is the sixth most incident neoplasm in the
US. It mainly occurs in old ages, whereas %90 of new diagnoses are 55 years of age and older [122]. Some risk factors, including
smoking, environmental and occupational exposures, chronic bladder irritation/infections, and congenital abnormalities, are
responsible for bladder cancer [123]. Gene abnormalities ranging from single DNA mutations to complete or partial chromosomal
deletions can come to cell cycle disorders. Several studies proposed that PI3K signaling pathway may relate to bladder cancer
development and progression [124]. In 2020 Liu et al. concluded that CLUB4 levels over-expression is concerning bladder cancer and
could cause increased motility, invasiveness, stemness, and chemoresistance in bladder cancer cells. CLUB4 plays its role by upre-
gulating PIK3CA by repressing miR-372. It is better to mention that miR-372 as a tumor suppressor could decrease PIK3CA expression
and inhibit the migration and invasion of bladder cancer cells. So, they established that CLUB4B-miR-372/373-PIK3CA/AKT axis has a
crucial role in bladder cancer pathogenesis with important prognostic and therapeutic implications [125].

Cervical cancer has taken third place among the most common cancers in women worldwide, mainly occurring in low and middle-
income countries with the peak age of 35-45 [126,127]. Most cervical cancer cases are infected by the human papillomavirus (HPV)
[126]. Most infections are cleared by the immune system, but a few subtypes, including HPV16 and HPV18, continue to exist and
express E6 and E7. These viral oncogenes (E6 and E7) could cause increased genomic instability, somatic mutation accumulation, and
HPV integration into the host genome, leading to cervical cancer [128]. Typically, it takes 5-10 years between precancer diagnoses and
the initial oncogenic infection. %30 of high-grade precancers will turn into invasive cancers finally [127]. In 2011, Tian et al. indicated
that miR-372 has a tumor suppressor function in cervical cancer. They found that miR-372 was down-regulated in cancer cells
compared to adjacent normal tissues, whereas cyclinAl and CDK2 were up-regulated as the targets of miR-372. When miR-372 was
over-expressed, expression of the EGFP receptor, which contains 3’-UTR of cyclinAl and CDK2, was inhibited. In addition, they
demonstrated that CDK2 and cyclinAl over-expression quickened DNA replication in S-phase, entry into G2, and vice versa. So
miR-372 does its anti-oncogenic role by down-regulating the cell cycle genes, CDK2, and cyclinAl, controlling cell cycle growth and its
progression [129].

Endometrial cancer — the most gynecologic cancer in developed countries — is women’s 4th most prevalent cancer. Unbalanced
increase of estrogen via early menarche, late menopause, exposure to tamoxifen, nulliparity, and obesity as significant risk factors have
a crucial role in developing endometrial cancer [130,131]. Typically post-menopausal obese women are the most common cases of
endometrial cancer, but its incidence is dramatically rising among young women due to earlier-onset obesity [132]. Carcinoma is the
most common form of endometrial cancer [133]. In 2015, Liu et al. found that miR-372 has a tumor suppressor role in endometrial
carcinoma. In that study, miR-372 expression was lower in cancer cells than in normal cells, and miR-372 over-expression suppressed
the proliferation of endometrial carcinoma cells. RhoC, Cyclin A1, and CDK2 as miR-372 targets with oncogene characteristics were
down-regulated when miR-372 over-expressed. So miR-372/RhoC. miR-372/Cyclin Al and miR-372/CDK2 pathways may collectively
be a part of miR-372 anti-oncogenic properties in endometrial carcinoma [134].

Ovarian cancer (OC) is the third-ranked of the most common gynecologic cancers, has the worst prognosis and the highest mortality
rates, three times more lethal than breast cancer [135]. OC is comprehended by heterogeneous malignancies with various etiology and
molecular biology; its prevalence may differ between races and countries because of several factors, including genetics and economy
(126). The most common form of ovarian cancer is serous carcinoma [136]. In 2017, Guan et al. stated that miR-372 over-expression
has a prominent role in tumor growth inhibiting as a tumor suppressor in ovarian carcinoma. In that study, they concluded that
miR-372 over-expression could result in three major outcomes: 1) suppress ovarian cancer cells proliferation and induce cell cycle
arrest, 2) ATAD2, LATS2, P62, DKK1, and Cyclin A1 down-regulation as responsible for cell proliferation and 3) cell apoptosis
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promotion. Thus miR-372 could be a critical target in future ovarian carcinoma treatments [137].

Renal cell carcinoma (RCC) is the most common malignancy originating from the kidney. Typically, RCC is asymptomatic, leading
to late diagnosis, making RCC the most lethal genitourinary cancer [138]. The 5-year survival is below %10, and more than %20 of
patients who went through nephrectomy will experience metastasis during follow-up, making RCC a poor prognosis [139]. The most
common type of RCC is the clear cell type accounting for %80 of all RCC cases [140]. MiRNAs, as the most well-known non-coding
RNAs, are extensively investigated for their critical role in cancer to make it a potential target for advancing the diagnosis, prognosis,
and therapeutic implications [141]. In 2015, Huang et al. concluded that miR-372 has an anti-oncogenic role in RCC. miR-372
over-expression could inhibit cell proliferation and invasion in vitro. Insulin-like growth factor 2 mRNA-binding protein 1
(IGF2BP1), a target of miR-372, was responsible for cell proliferation and invasion. miR-372 over-expression could lead to IGF2BP1
down-regulation to do its anti-oncogenic part in RCC [142]. In another study in 2018, Ji et al. revealed another pathway of miR-372.
They presented that miR-372 expression was down-regulated in RCC tissues, and it is significantly associated with the poor survival
rate and adverse clinical characteristics in RCC patients. miR-372 suppressed EMT and metastasis by ATAD2 targeting, suggesting that
miR-372/ATAD2 axis have an anti-oncogenic role in RCC and may be a potential therapeutic biomarker for RCC treatment [143].

Prostate cancer (PC) ranks first among the most cancers diagnosed in men worldwide [144]. Age and family history are the most
critical risk factors for PC [145]. Prostate malignant neoplasms mostly originated and differentiated from epithelial tissue and are
carcinomas [146]. Multifocal nature of the disease has made the diagnosis challenging [147]. Multiple studies have defined a genetic
route in prostate cancer, including several genetic and epigenetic pathways [148]. In 2016, Kong et al. indicated that miR-372 has
tumor suppressor function by regulating P65. They resulted that miR-372 could decrease migration and invasion in prostate cancer
cells by negative regulation of P65. Thus miR-372 as an anti-oncogenic could be set for the prevention, diagnosis, and treatment of
prostate cancer patients [149].

Conversely in another study, Cao et al. conclude that over-expression of miR-372 boosts tumor cell proliferation and migration via
targeting LATS2. They indicated that LATS2 works as a tumor suppressor gene. They indicated that repressing the over-expression of
miR-372 by arsenic sulfide (As4S4) could prevent cancer cell proliferation and migration [150].

Testicular germ cell tumors (TGCTs) are the most common malignancy in young men, extensively classified into seminomatous and
non-seminomatous groups [151]. Generally, to speak freestanding, Testicular tumors follow %90 rules; more than %90 are malignant,
more than %90 are of germ cells origin (TGCTs), and more than %90 are sporadic and diagnosed in 20-45 years of age [152]. TGCTs
have an outstanding overall cure rate and prognosis [153]. Cryptorchidism, prior GCT, subfertility, sexual differentiation disorder, and
positive family history are related risk factors for TGCT. TGCT is likely driven by polygenic variation. Serum miRNA is starting to
appear as a diagnostic and therapeutic biomarker in TGCT patients [151]. Despite most of the studies about genitourinary tumors
mentioned above, miR-372 has an oncogenic role in testicular germ cell tumors. In 2006, Voorhoeve et al. identified miR-372 in an
oncogenic way, letting the primary human cells’ proliferation and tumorigenesis. miR-372 could conceal RAS and active wild-type P53
by neutralizing P53-mediated CDK inhibition via targeting the expression of the tumor suppressor LATS2. So, numbing the P53
pathway allows tumorigenicity which could introduce miR-372 as an oncogene in TGCT [154]. Syring et al. stated that miRNA
detection was precise for testicular cancer. The mean serum miR-372 was significantly increased in TGCT patients. miR-372 levels had
a %74 diagnostic sensitivity with a %100 specificity, while tumor markers including Alpha Fito Protein, Human Chorionic Gonado-
tropin and Lactate Dehydrogenase had a combined sensitivity of %60 for testicular cancers [155,156].

2. Conclusions and perspectives

The frequency of many cancers in humans has increased over the past few decades, despite the fact that there has been a general
improvement in lifestyle, consciousness, and the living environment of humans. However, despite the fact that many researchers are
always striving to understand the detailed processes of carcinogenesis and that each year new generations of anticancer medications
are launched, the survival rate of cancer patients has remained steady, and only a little amount of improvement has been
accomplished.

Studies conducted in recent years have revealed that restoring normal levels of improperly produced miRNA can influence the
growth of malignant tumors, and as a result, can function as an effective molecular targeted medicine for the treatment of cancers [157,
158].

Naked miRNAs have a short half-life in the blood due to the breakdown of nucleases that occur naturally in the body. This is despite
the fact that it has been demonstrated that miRNAs are promising and effective therapeutic medicines in vitro. Therefore, the limited
bio-availability of nucleic acid therapeutics in vivo presents a significant obstacle for the development of miRNAs as potential anti-
cancer medications. It is impossible to ignore the fact that numerous systems or carriers for miRNA have been widely advocated.
These systems or carriers include nanoparticles, modifications to ncRNA, and oncolytic adenovirus methods [159]. Carriers for
microRNA that are based on nanoparticles are the most common approach [160]. For instance, miR-21 has been found to play a role in
the progression of multiple cancers as a tumor promoter [161]. Several researchers attempted to transport miR-21 antisense oligo-
nucleotides in order to exhibit an anti-cancer function. Satisfying effects were reached in cases of pancreatic cancer, breast cancer,
glioblastoma, and other cancers [158,162,163]. In light of the intriguing function that miR-372 plays in suppressing the growth of
tumors, we think that in the future, therapeutic nucleic acid medications based on miR-372 could be very effective.

It has been hypothesized that the miR-372 has significant tumor-suppressing effects in a variety of human malignancies. Notably, a
number of studies suggested that the ceRNA mechanism would play an essential role in miR-372-mediated tumor suppression. Based
on our analysis of the IncRNA/CircRNA-miR-372 networks, we come to the conclusion presented in Table 2. The ceRNA mechanism
primarily incorporates three different types of RNAs, including mRNA, pseudogene transcripts, and IncRNA; however, circRNA has
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recently followed in the footsteps of IncRNA to become a novel hotspot in the field of ceRNA family. The next step in elucidating the
role of miR-372 in human cancers will involve determining whether or not circRNAs are collaborators who take part in the miR-372-
mediated regulation of tumor growth.

In conclusion, the research to far show that miR-372 is both up- and down-regulated in various malignancies. Additionally, it has a
dual function in various types of cancer, acting both as an oncogene and a tumor suppressor in different organs under different cir-
cumstances. Future studies should delve deeper into this enormous controversy. Particularly, the focus of current research is mostly on
clinical tissue samples and cell culture. However, more studies with a clinical focus and animal models are needed to clarify miR-372’s
precise function in various malignancies. Also, the involvement of miR-372 has not yet been explored in some of the tumors,
particularly those coming from the hematopoietic and lymphoid tissues, thus it is strongly advised to investigate the functional role of
miR-372 in tumor of hematopoietic and lymphoid tissues.

It is a widely held belief that the treatment of human tumors typically involves a synergistic approach that includes elements of
surgery, radiotherapy, and chemotherapy [164]. Because of this, doing in-depth research into the roles that miR-372 plays in
chemo-sensitization and radio-sensitization are of the utmost relevance.

2.1. Limitations of the study

The most important limitation of research related to miR-372 is the lack of clinical trial studies, so it seems that designing and
conducting clinical trial studies is necessary to confirm the in vitro and in vivo research done. Also, the authors should consider
genomic-directed stratifications during the design and enrollment of clinical trials.
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