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Abstract: At present, it is necessary to identify specific biochemical, molecular, and genetic markers
that can reliably aid in screening digestive cancer and correlate with the degree of disease develop-
ment. Has-miR-129-5p is a small, non-coding molecule of RNA, circulating in plasma, gastric juice,
and other biological fluids; it plays a protective role in tumoral growth, metastasis, etc. Furthermore, it
is involved in various diseases, from the development of digestive cancer in cases of downregulation
to neurodegenerative diseases and depression. Methods: We examined meta-analyses, research, and
studies related to miR-129-5-p involved in digestive cancer and its implications in cancer processes, as
well as metastasis, and described its implications in neurological diseases. Conclusions: Our review
outlines that miR-129-5p is a significant controller of different pathways, genes, and proteins and
influences different diseases. Some important pathways include the WNT and PI3K/AKT/mTOR
pathways; their dysregulation results in digestive neoplasia and neurodegenerative diseases.
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1. Introduction

In recent years, teams of researchers have intensively studied the involvement of
RNA molecules (specifically, miRNAs) in the digestive oncogenetic process. Cellular
apoptosis has been shown to have tissue specificity and miRNAs can be considered true
biomarkers of the tumor process [1-3]. miRNAs have significant importance in pathology,
due to their stress response and modified expression throughout disease evolution and
progression. Considerable attention has been paid to clarifying the roles and alterations
that miRNAs suffer in the development and progression of cancer, possibly leading to
important clinical and therapeutical progress in molecular research. Furthermore, in vitro
studies note miRNAs as promising candidates in molecular replacement therapy in order to
halt cancer progression and lymph node metastasis, and to induce the apoptosis of tumoral
cells. Also, each study on miRNAs brings us closer to a molecular vision of oncogenesis
and neurodegenerative diseases. Recent studies have outlined the importance of studying
miRNAs and the genes they target for their potential roles in the personalized treatment of
various diseases [1,2,4].

To date, more than 2500 miRNAs have been considered as crucial regulators in tumor
proliferation, growth, and metastasis; these molecules could pave the way for the targeted
therapeutic management of patients [5-9]. Considering the fact that circulating miRNAs
represent important regulators in intercellular communication and changes in tissue ex-
pression, as well as their stability in both tissue and biological fluids, their clinical potential
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should be emphasized. MicroRNAs represent non-coding molecules that are formed from
21 to 23 nucleotides. Due to the fact that they circulate in body fluids, recent research
outlines their potential as disease biomarkers that can be used for screening as well as for
disease progression and therapeutical prognosis [5-7]. We note the importance of miRNAs
in the development of many diseases; a single miRNA can regulate a variety of genes, and
a single gene can be targeted by many miRNAs. This is why miRNAs are involved in
development, proliferation, apoptosis, metabolism, differentiation, and metastasis [6-8].

According to a meta-analysis conducted by Diana Bautista-Sanchez et al., miRNA
functions have implications in the homeostatic regulation of gene expression as well as in
cellular responses [7]. Homeostatic regulation of gene expression refers to regulation of
genes according to cell cycles and their requirements. The cellular response is defined by
cellular differentiation, the cell’s lifecycle, and its response to stress. The importance of
using miRNAs as biomarkers is researched and studied due to their molecular stability in
tissues as well as in fluids, which makes them easy to use and evaluate from body fluids
like plasma, ascites, and gastric juice [7-9].

Recent research is increasingly aimed at exploiting and capitalizing on the potential
of miRNAs, in either plasma/serum or other biological fluids, to establish non-invasive
screening protocols that can detect early-stage digestive neoplasia or other pathologies [6,7].

Digestive cancers represent an important issue for gastroenterologists, surgeons, and
oncologists in terms of early detection and therapeutical management, as they represent
some of the most common types of cancers in the world. In this review, we consider
neoplasias of the digestive tract, including stomach and colorectal neoplasias, and cancers
affecting other digestive organs like the pancreas and liver. The etiology and pathogenesis of
digestive cancers are multifactorial. Recent research has focused increasingly on molecular
changes in tumoral tissues in order to obtain early diagnoses and the possibility of targeted
treatment to lower adverse effects [7-10].

The International Agency for Research on Cancer estimates that, on average, 3.5 million
GI cancer deaths occur worldwide each year, which emphasizes the need for in situ
diagnostics and improvements in oncological treatment. Studies on miRNAs give hope for
early diagnoses in neoplasia as well as other diseases due to the pathways they signal in
addition to their clinical benefits. Another important benefit of miRNAs is that they can
be extracted from blood, serum, gastric acid, bile, and other biological fluids; further, they
preserve their specificity and sensibility as biomarkers [8-13].

A specific miRNA can regulate, by post-transcriptional mechanisms, up to about 60%
of protein-coding genes. Furthermore, miRNAs are implicated in cell growth, homeostasis,
apoptosis, and cell migration. In brain development, a single miRNA may be implicated
in many processes, from synaptic formation to neural development. Current molecular
research focuses on clinical modifications in cases of miRNA dysregulation in order to
establish targeted treatment in different diseases [6,14—-16].

Hsa-miR-129-5p plays a crucial role in suppressing tumor growth, proliferation, and
metastasis. Moreover, a low level of has-miR-129-5p is statistically correlated with more
aggressive forms of cancer and is related to the appearance of lymph node metastases
and peritoneal carcinomatosis. A low level of miR-129-5p is associated with resistance to
chemotherapy, and studies show that manipulating the level of microRNA 129 in vitro can
improve the response to chemotherapy and prolong survival [14-23].

The principal pathways to which miR-129-5p is related, according to studies, are WNT/3-
catenin and PI3K/AKT/mTOR. MiR-129-5p targets the WNT signaling /B-catenin pathway,
which plays a role in cell adhesion and tumor-cell-line proliferation in the case of dysregulation
by affecting cadherin/catenin ligands and resulting in the proliferation of gastric cancer.
Downregulation of miR-129-5p results in the dysregulation of WNT pathways because, in
normal tissues, miR-129-5p acts as an inhibitor for several components of the WNT signaling
pathway. WNT/ 3-catenin is the most-studied pathway involved in controlling the proto-
oncogene (-catenin, which, being a multifactorial protein, is also part of the E-cadherin-
binding protein implicated in the malignant process [10,12]. In the same vein, studies show
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that inappropriate signaling of the WNT/ 3-catenin pathway results in the development of
neurodegenerative diseases such as Alzheimer’s or Parkinson’s disease [12].

These are some of the most important signaling pathways involved in regulating the
cell cycle (proliferation, invasion, migration) of tumoral cells, and they are dysregulated in
various types of digestive cancer, as well as in neurodegenerative diseases. Furthermore,
through the abnormal regulation of phosphoinositide 3-kinase (PI3K)/protein kinase B
(Akt), which targets the mTOR pathway, this type of miRNA influences the development of
neurological diseases; downregulation of has-miR-129-5p results in neuroinflammation and
the development of neurodegenerative diseases, whereas upregulation results in protection
from neural apoptosis [14-16].

MiR-129-5p also targets ADAM proteins, playing an important role in cancer devel-
opment and progression, options for treatment, and drug resistance. Furthermore, the
inhibition of high-mobility group protein B1 (HMGB1) is a target of miR-129-5p and, ac-
cording to some studies, results in cancer development in cases of dysregulation [22,23].
This relationship between the types of microRNAs that target various proteins involved
in cancer genesis outlines the importance of understanding the molecular mechanism of
carcinogenesis and emphasizes the role of microRNAs as biomarkers in screening early
cancers [17,20,23].

In the same vein, we note the fact that miR-129-5p targets similar pathways (PI3K/AKT/
mTOR pathways) in both digestive diseases and in neurodegenerative diseases. Long HZ
et al. noted that signaling the PI3K/AKT pathway in neurodegenerative diseases prevents
neurotoxicity and improves neuron survival in Alzheimer’s disease (AD) and Parkinson’s
disease (PD) [4]. Based on the same signaling pathways, like PI3K/AKT/mTOR (targeted by
miR-129-5p), experimental studies are trying to improve the therapeutic means based on RNA
that could lead to personalized, targeted, therapeutic management, with better specificity than
classical treatments for digestive cancers and neurodegenerative diseases. Future perspectives
that involve miRNA replacement therapy could lead to a network of tumor-suppressive
clinical benefits in various diseases that involve the downregulation of miR-129-5p [24-27].

In this review, we emphasize the importance of the molecular dysregulation of
miR-129-5p in the development and progression of gastrointestinal cancer, as well as
in neurodegenerative diseases.

To our knowledge, this is the first review that describes the molecular changes that
occur in cases of downregulation of this type of miRNA from the gastrointestinal and neu-
rological perspectives. We also outline the importance of developing molecular biomarkers
that could predict the possible development of different diseases. Furthermore, we highlight
that through development of the different pathways that miR-129-5p signals, miR-129-5p
has clinical importance from tumoral cells, lymph-node metastasis, and proliferation to
synaptic formation and neural apoptosis.

2. Methods

The review was realized according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis Guidelines 2020 (PRISMA), based on inclusion and exclu-
sion criteria. As search engines, we used Google Scholar, Web of Science, PubMed, and
Up-to-Date. In the period 2013-2023, over 1000 specialized studies were published with
reference to the implications of miRNAs in oncogenesis, but very few were published
concerning microRNAs in neurodegenerative diseases. We chose to study the most recent
analyses and research related to miR-129-5p being involved in digestive cancer and neuro-
logical disorders. We considered systematic reviews, meta-analyses, and original studies
on miR-129-5p and its implications in cancer processes and metastasis, and also analyzed
its implications in neurological diseases. Keywords used for searching the databases were
“microRNA”, “microRN129-5-p”, “gastric cancer”, “colorectal cancer”, “Parkinson’s dis-
eases”, “Alzheimer’s diseases”, “the Fragile X Mental Retardation gene 1 (FMR1)”, and
others related to miR-129-5p.
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The inclusion criteria for studies were peer-reviewed journals, studies, and meta-
analyses regarding the involvement of miR-129-5p in digestive cancer and neurodegenera-
tive diseases, and the implications of different signaling pathways and targeted proteins.
Exclusion criteria were as follows: not the subject of a peer review, single case reports,
studies related to other miRNAs besides miR129-5p, and other types of cancer like lung
cancer or glioblastoma related to miR-129-5p.

The primary outcome was to assess the implications of miR-129-5p in various diseases
like digestive neoplasia and neurological diseases. We also described the common pathways
between these pathologies. The secondary outcome was to outline studies that presented
potential therapeutic perspectives for this type of miRNA.

3. Results and Discussion

The database search identified 474 records, including 175 duplicates. A total of 223 articles
were selected for screening; 100 of them were excluded and another 123 were sought for
retrieval. A total of 68 articles were evaluated for eligibility, 55 of which were included in the
final analysis; 37 were original reports (we included human studies as well as animal models)
and 18 were reviews (Figure 1).
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Records identified from: g:‘g';‘;;‘? Dcond T
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Figure 1. Research strategy.
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3.1. Studies on miRNA 129 in Digestive Cancer

Although several miRNAs with altered expression have been studied in cases of
digestive cancer, we focused on miR-129-5p and its clinical implications in different types
of digestive cancer [28-30].

One of the most lethal cancers involving the digestive tract and linked to the dysregu-
lation of miR-129-5p, is pancreatic cancer. Other studies on miR-129-5p show its importance
in the proliferation and development of gastric and colorectal cancers. A study conducted
by Zhisheng Qiu et al. noted that overexpression of this type of miRNA suppressed the
proliferation of tumoral pancreatic cells. Also, miR-129-5p played a role in suppressing cell
proliferation and invasion by regulating the PBX3 gene and induced apoptosis in tumoral
cells. The same study noted that the suppression of miR-129-5p had the opposite result by
promoting the development of pancreatic cancer in cases of under-expression. Their study
involved 30 patients with pancreatic cancer (PC) and concluded that the level of miRNA
in tumoral cells was statistically correlated with metastasis and clinical stages. It was also
reported that the level of miRNA was correlated with the survival of the patients, which is
an important clinical prediction tool for practitioners [28].

Another study that outlined the connection between the downregulation of miR-129-5p
and pancreatic cancer was by Jin Xu et al., who analyzed 55 samples of pancreatic cancer
tissue vs. adjacent healthy tissue. They noted that miR-129-5p is a posttranscriptional
controller for the IPO7 protein and its suppression resulted in IPO7 upregulation in pan-
creatic tumoral tissue and cells. Furthermore, they concluded that upregulation of IPO7
reduces the expression of P53 gene, resulting in the suppression of miR-129-5p and lead-
ing to positive feedback that promotes the development of pancreatic cancer. Since each
work on molecular oncogenesis helps to clarify the cellular mechanism of cancer in dif-
ferent pathologies, there is hope that in the future this may lead to cancer prevention and
targeted treatments [1].

The same type of miRNA is involved in hepatocarcinoma and also interferes with
chemoresistance. According to Huge et al., miR-129-5p plays a beneficial role by signaling
through the WNT pathway, which causes protective regulation in hepatocellular carcinoma
through downregulating hepatoma-derived growth factor HDGEF. The study involved
an animal model and miR-129-5p was instilled in HCC cells. The results showed the
dependence of the overexpression of miR-129-5p and the clinical benefits in the suppression
of hepatocellular carcinoma by directly regulating hepatoma-derived growth factor (HDGF).
We highlight the importance of this study as it shows the possible therapeutical effect of
miR-129-5p by regulating the WNT signaling pathway. MiR-129-5p may represent a
promising clinical tool for miRNA replacement therapy in many types of cancer, especially
HCC [9-11].

Molecular and clinical studies are focusing increasingly on understanding the action
of miR-129-5p dysregulation in promoting different types of digestive cancer. Although
further research is needed, currently we note that the overexpression of miR-129-5p has a
protective role in digestive cancer. Z Jiang et al. observed the expression of miR-129-5p to
be suppressed in gastric cancer. In their research, miR-129-5p was extracted and quantified
via RT-PCR from tumoral tissue as well as from blood samples. They noted statistically
significant correlation between the control group and the study group. Moreover, using a
luciferase reporter assay, they outlined that IL-8 is controlled and targeted by miR-129-5p.
Furthermore, IL-8 is downregulated by miR-129-5p, playing a protective role in cases
of overstimulation [12].

Another gene targeted by miR-129-5p is COL1A1. Studies show that co-transfection of
miR129-5-p and downregulation of COL1A1 result in a clinical reduction in tumors and
metastasis [11]. These results emphasize the important clinical benefits of this type of miRN
in the targeted treatment of gastric cancer. The clear message from the above studies that
measured the expression of miR-129-5p is that this type of miRNA influences the devel-
opment of digestive cancer by targeting many genes through different pathways [11-13].
This conclusion outlines the clinical importance of miR-129-5p for practitioners and pos-
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sible targeted treatments. Moreover, the results presented by Wang et al. show that the
co-transfection of miR-129-5p mimics resulted in tumor suppression and prevented fur-
ther proliferation and invasion, highlighting the protective role of this miRNA in cases of
gastric cancer [11].

A related research direction involves considering the connection between families of
transmembrane metalloproteinases, integrins, and metalloproteinase 9 (ADAM proteins),
which seem to be connected with cancer genesis and metastasis, as well as chronic inflam-
mation. Studies focus on the importance of ADAM 8, 9, and 12 and gastrointestinal cancer.
Recent research has outlined that miR129-5-p plays a role in gastric cancer suppression by
targeting ADAM 9. The study focused on gastric tumoral tissues from 50 patients and com-
pared them with normal adjacent tissues. It was noted that miR129-5-p was downregulated
in gastric cancer tissue and tumoral cells compared with the control samples. Furthermore,
it was confirmed that miR129-5-p regulated ADAM 9, reducing proliferation and tumor
growth. Also, it was noted that in vivo, the overexpression (upregulation) of this type
of miRNA resulted in inhibition of tumoral growth, induced apoptosis, and prevented
metastasis. ADAM 9 seems to be distinctly overexpressed when gene expression profiling
is realized in cases of hepatocellular adenocarcinoma. Studies show that immunother-
apy decreased the level of ADAM 9 in HCC. ADAM 9 levels are high in other types of
digestive cancers like pancreatic ductal adenocarcinoma (PDAC). On the basis of these
findings, we may speculate that inducing normal levels or overexpression of miR129-5-p
by targeting ADAM 9 may have a protective role in many types of digestive cancers, from
the gastrointestinal tract to other digestive organs like the liver or the pancreas [18-21].

Another mechanism in suppressing gastric cancer is inhibiting high-mobility group
protein B1 (HMGB1). Studies found that overexpression of miR129 promoted apoptosis
of tumoral cells by targeting HMGB1 (high mobility group protein B 1) in cases of gastric
cancer. HMGB promotes inflammation and seems to be overexpressed in gastric cancer.
This protein is usually suppressed by a normal level of miRNA. A study on 25 tumoral
tissues and 25 normal tissues concluded that the expression of HMGB1 was upregulated
in gastric cancer samples compared with normal control samples (p < 0.05). In the same
study, it was outlined that the expression level of miR-129-5p in gastric cancer tissue
was significantly suppressed compared with the control samples (p < 0.001). HMGB1
is also upregulated in other types of cancer related to the dysregulation of miR-129-5p,
e.g., colorectal cancer, liver cancer, and pancreatic cancer. HMGBI inhibits apoptosis and
promotes tumoral growth and proliferation. In light of these findings, we emphasize the
importance of miR-129-5p overexpression in targeting and inhibiting HMGB1 and therefore
preventing tumoral growth in many digestive types of cancer (Figure 2) [22,23].

A study conducted by Chen Di et al. notes the importance of glucose metabolism in
tumoral cells in cases of gastric cancer through PI3K-Akt pathways by targeting the SLC2A3
gene. The authors noted that by regulating the glucose metabolism of gastric tumoral
cells, the miR-129-5p/SLC2A3 axis may represent a perspective in gastric cancer therapy
by promoting the overstimulation of miR-129-5p and inhibiting the glucose metabolism of
gastric tumoral cells, as well as proliferation and tumoral growth. As stated by the authors,
glucose metabolism represents a potential molecular treatment target of gastric cancer [24].

MiR-129-5-p deregulation participates in different aspects of digestive cancer patho-
genesisand its protective role in cases of overstimulation has been noted in studies of all
types of digestive cancer. We emphasize the importance of further studying this type of
microRNA as a potential clinical biomarker for early diagnosis or for establishing disease
prognosis. Furthermore, we note that overstimulation in animal model studies resulted in
a potential treatment target in cases of oncological diseases. In conclusion, we highlight
the importance of up-streaming the PI3K-Akt signaling pathway with a protective role for
stopping the neoplastic proliferation in digestive neoplasia. Furthermore, this pathway has
clinical implications in neurodegenerative diseases.
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Figure 2. Protective role of miR-129-5p in preventing tumoral progression in different types of
cancer. Overstimulation of miR129 targets WNT signaling pathway resulting in decreasing hepatoma-
derived growth factor (HDGF) and HCC risk. Upregulation of miR-129-5p decreases COL1A1,
ADAM 9 protein, and HMGB protein, lowering gastric cancer risk and decreasing IPO7 protein,
resulting in suppressing pancreatic cancer proliferation.

3.2. Studies on microRNA 129-5-p in Neurological Diseases and Depression

Studies note that miRNAs play a crucial role in neurological diseases by controlling the
inflammatory response and nerve injury. This brings new perspectives in understanding
degenerative diseases and neural injury. For example, recent studies have focused on
the destructive characteristics of Alzheimer’s disease (AD), which represents the most
significant cause of dementia and manifests as a neurodegenerative disease that is defined
by aggregates of beta amyloid (Af) that induce neuroinflammation and brain damage.
Currently, the molecular modifications in AD are still unknown and recent studies have
tried to establish the importance of miRNAs and their implications in the hyperphosphory-
lation of tau, which results in neurofibrillary tangles (NFTs) and amyloid plaques produced
by amyloid 3 (Ap) aggregation [4,30-32]. Due to the fact that the incidence of neurode-
generative disease is growing, new biomarkers for early diagnosis and new therapeutical
perspectives are needed. MiRNAs could help to elucidate molecular changes in cases of
neurodegenerative disorders, and further studies are required in order to establish promis-
ing biomarkers for early diagnosis combined with the study of the pathways involved and
targeted genes [33-36].

Recent studies have indicated that upregulated miR-129-5p helps the revascularization
of induced intracerebral hemorrhage in rats. Other studies note that miR-129-5p could
prevent the progression of Alzheimer’s disease by suppressing neural apoptosis in rats. In



Biomedicines 2023, 11, 2058

8of 13

degenerative neurological diseases like Alzheimer’s, miR-129-5p reduces the inflammatory
neural reaction by targeting the SOX6 gene. MiR-129-5p overexpression results in the
downregulation of SOX6, which results in reduced neural inflammation, the prevention
of neural degeneration, and a reduction in inflammatory injury [36,37]. Another study
direction shows that miR-129-5p targets the PI3K/AKT/mTOR signaling pathways and,
as a result, plays an important role in neurodegenerative diseases by targeting the mTOR
pathway, which influences cellular migration, proliferation, and apoptosis. The molecular
changes that influence this pathway play an important role in different disorders like
cancer, Crohn’s disease, and many other pathologies. mTOR signaling is responsible for
physiological neurodegeneration. Furthermore, the mTOR pathway is involved in neural
response and oxidative stress. There also seems to be a connection between mTOR signaling
and neural responses in the gastrointestinal tract. In light of this association, we note the
importance of the dysregulation of has-miR-129-5p, which influences the development of
gastrointestinal cancers and neurological diseases [38—40].

Based on the PI3K/AKT/mTOR signaling pathway, studies have developed differ-
ent products that could result in upstreaming this signaling pathway. By overexpressing
miR-129-5p, there is an overstimulation of PI3K/AKT/mTOR, which could prevent and
treat AD and PD [4.38,39,40]. Furthermore, studies show a close relationship between the
PI3K/AKT/mTOR and WNT/ 3-catenin pathways, as they are considered to act alike and
reciprocally regulate each other. Moreover, many studies note that these pathways could
be considered a single target [12]. The PI3K/AKT/mTOR and WNT/ 3-catenin pathways
represent important signaling targets of miR-129-5p that are involved in cell regenera-
tion, cognitive memory, and neural apoptosis; these could result in new therapeutical
perspectives in a wide spectrum of diseases [12-15].

A study realized by Valerija Dobricic et al. showed the dysregulation of miRNA in
neurodegenerative pathologies. Their study is one of the largest Parkinson’s/Alzheimer’s
disease studies on microRNAs (n = 451), including has miR-129-5p. They found that
has-miR-129-5p is significantly downregulated in Parkinson’s disease (p = 0.0379). Their
research also includes a meta-analysis of the implications of has-miR-129-5p in Alzheimer’s
disease and notes, for the first time, its implications in Parkinson’s disease. They concluded
that miR-129-5p has a protective role by preventing the accumulation of amyloid B-peptide.
Furthermore, they stated that in an animal study on Alzheimer’s disease, this type of
miRNA reduced neural apoptosis. The implications of has-miR-129-5p in both neurological
diseases could sustain the hypothesis that both pathologies share similar molecular transfor-
mations. The authors of the study also described the neuroprotective role of has-miR-129-5p
in preventing neural death and degeneration. The additional results of the study suggest
that hsa-miR-132-3p is associated with staging in Parkinson’s disease, whereas miR-129-5p
could be considered only a biomarker in diagnosis but its dysregulation is not associated
with staging in PD [40].

Previous studies have described the implications of miR-129-5p at the synapse and its
implications in regulating the metabolism of FMRI(Fragile X Mental Retardation gene 1).
Chao Wu et al. realized in situ hybridization (ISH) in a mouse brain and concluded that
miR-129-5p targets FMR1, which is a mutant gene encountered in the autism spectrum
as well as in Fragile X Syndrome. Also, in their animal model study, they emphasized
that miR-129-5p could restore healthy neural development by targeting FMR1. They also
noted that abnormal regulation of this type of miRNA influences neuronal migration by
affecting multipolar to bipolar transition. They concluded that FMRI is a direct target of
miR-129-5p but not miR-129-3p. Although the study was performed using animal models,
it provides perspectives and knowledge with regard to the importance of miR-129-5p in
cortex development, neural migration, and its relationship to other genes and proteins
that are implicated in the autism spectrum and Fragile X Syndrome. In the same vein,
Zongaro S et al.’s animal model outlined that overexpression of miR-129-5p resulted in
reducing the expression levels of the Fragile X Mental Retardation gene 1 (FMR1) by almost
40%. These studies present similar results concerning the miR-129-5p target of FMR1 and
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its positive results in cases of overexpression, and note the importance of miR-129-5p in
processes from synaptic formation to neural apoptosis [41-47] ( Table 1.)

Table 1. HSA-miR- 129-5p dysregulation and its clinical implications.

Study

Results Additional Results/Details

Pancreatic cancer

Zhisheng et al. [28]

30 patients evaluated with pancreatic cancer.
Overexpression of miR-129-5p suppressed proliferation
and migration of pancreatic tumor and promoted
apoptosis in tumoral cell lines.

Suppression of miR-129-5p induced pancreatic tumoral
cell development.

Level of miR-129-5p is statistically correlated
with the rate of metastasis, clinical stage, and
patient survival.

Jin Xu et al. [1]

55 patients evaluated with pancreatic cancer. miR-129-5p and IPO7 provide valuable
Inhibition of miR-129-5p led to IPO7 overexpression, insights and indications for the diagnosis and
promoting pancreatic cancer development. treatment of pancreatic cancer.

Other cancer types

Huge et al. [10]

HDGEF dysregulation is linked with poor

Mouse model miR-129-5p transfection of HCC cells. survival in patients with adenocarcinoma.
miR-129-5p downregulates HDGF with HCC tumor Also, HDGF expression is correlated with
suppressive effect. WNT pathway dysregulation, targeted

by miR-129-5p.

Jiang et al. [12]

50 patients with gastric cancer.

miR-129-5p was downregulated in GC patients. miR-129-5p exerted its effect through the
miR-129-5p also suppressed cell proliferation and inhibition of interleukin8.
invasion.

Neurological diseases

Dobricic et al. [40]

458 patients with Parkinson’s/Alzheimer’s disease.
Has-miR-129 -5p is downregulated in

Parkinson’s disease.

miR-129-5p determined neuroprotective roles against
amyloid B-peptide accumulation.

Hsa-miR-132-3p is associated with a-synuclein
Braak staging in Parkinson’s disease.

Currently, this type of miRNA has clinical implications both in carcinogenesis, as in
neurodegenerative disease, or other neural development pathologies like Fragile X Syn-
drome caused by the deregulation of FMRI, a target of miR-129-5p. MiRNAs are molecules
that respond to stress; in this context, we note that physiological stress causes dysregulation
in the expression of miRNAs, showing a higher prevalence in the central amygdala as well
as in the hippocampus. In addition, chronic stress results in dysregulation of miRNAs in
the frontal cortex, causing depression and neurodegenerative diseases [46-52]. A study
realized by Qinlin. et al. in an animal model concluded that miR-129-5p overexpression
could reduce depression in mice by targeting FEZ1/SCOC/ULK1/NBR1 proteins (p < 0.05),
therefore outlining the importance of miR-129-5p in depression [53-59]. In conclusion, we
note the importance of miR-129-5p in targeting different pathways and interacting with dif-
ferent genes. Furthermore, we outline that studies note the potential therapeutical benefits
of overstimulating miR-129-5p in preventing neurodegenerative diseases and depression
(Figure 3.)
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Figure 3. Overstimulation of MiR-129-5p plays a protective role in reducing neural inflammation and
preventing Alzheimer’s disease (AD) by reducing the expression of the SOX6 gene. Controlling the
signaling pathway PI3K/AKT/mTOR represents a possible treatment in AD and PD. Upregulation
of miR-129-5p targets genes and maintains neuronal homeostasis. Also, by lowering the activity of
the mutant FMR1 gene, miR-129-5p reduces the risk for diseases in the autism spectrum and Fragile
X Syndrome.

4. Conclusions

Our review has shown that miR-129-5p is a crucial controller of various pathways
involved in different diseases. Some important pathways are WNT and PI3K/AKT/mTOR,
and their dysregulation results in digestive neoplasia and neurodegenerative diseases.
Also, miR-129-5p has been implicated in the regulation of ADAM 9 and HMGB], and the
over-expression of miR-129-5p offers protection towards cell proliferation and metastasis
in cases of digestive cancer. We also note the implication of acute and chronic stress in the
dysregulation of this type of miRNA, resulting in neuroinflammation, neural apoptosis,
and the development of depression. Considering that acute and chronic stress may be
causes of the dysregulation of miR-129-5p, we note the relationship between molecular
regulation in the brain and in the digestive tract. We can conclude that downregulation
of this microRNA as a result of stress may suppress the inhibition of high-mobility group
protein B1 (HMGB1) and result in tumor proliferation.

We emphasize that the overexpression of miR-129-5p interferes with the pathways
of several targeted genes and has protective and therapeutic potential for many diseases.
Furthermore, although miR-129-5p has been studied and measured in different types of
gastrointestinal cancers, it also presents an important marker in brain development and
neurodegenerative diseases, depression, and responses to chronic and acute stress.

To conclude, we outlined the clinical importance of miR-129-5p as a screening non-
invasive biomarker related to various diseases due to the pathways, genes, and proteins it
regulates. Furthermore, replacement therapy studies have noted a potential clinical benefit
from controlling signaling pathways, which could represent a promising treatment strategy
in various diseases related to the dysregulation of miR-129-5p. Further studies on this
type of miRNA will provide new therapeutical opportunities for practitioners in oncology,
neurology, and other medical fields.



Biomedicines 2023, 11, 2058 11 of 13

Author Contributions: Conceptualization, A.B., S.B., C.R.-F. and LR.-F;; methodology, A.B., S.B., C.L
and G.B; validation, A.B., CR.-E, C.B.,, C.I, G.B. and H.D; formal analysis, A.B., C.B., C.R.-F,, LR.-E.
and S.B.; investigation, A.B., I.B., S.B., C.I. and C.R.-F,; resources, R.S.F,, A.B., L.B. and G.B.; data
curation, A.B., C.R-F, LR-F, S.B., LB. and G.B.; writing—original draft preparation, S.B., A.B., C.R.-F,,
C.I, G.B. and LR.-F; writing—review and editing, A.B., S.B., CR.-F. and C.B,; visualization, A.B.,
LR.-F. and L.B,; supervision, A.B., H.D. and C.R.-E; project administration, A.B., R.S.F,, HD. and G.B.;
funding acquisition, A.B., R.S.F. and H.D. All authors have read and agreed to the published version
of the manuscript.

Funding: This work was funded by the Ministry of Research, Innovation, and Digitization through
Program 1—Development of the national research-development system, Subprogram 1.2—Institutional
performance—Projects for financing excellence in RDI, contract no. 28PFE/30.12.2021. Lucian Blaga
University of Sibiu.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Committee on Research Ethics of the University Lucian Blaga of
Sibiu, no 15/10.10.2022.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Xu,J; Xu, W,; Xuan, Y,; Liu, Z.; Sun, Q.; Lan, C. Pancreatic Cancer Progression Is Regulated by IPO7/p53/LncRNA MALAT1/
MiR-129-5p Positive Feedback Loop. Front. Cell Dev. Biol. 2021, 9, 630262. [CrossRef]

2. Qiu, Z,; Wang, X,; Shi, Y.; Da, M. miR-129-5p suppresses proliferation, migration, and induces apoptosis in pancreatic cancer cells
by targeting PBX3. Acta Biochim. Biophys. Sin. 2019, 51, 997-1007. [CrossRef]

3.  Kipkeeva, F,; Muzaffarova, T.; Korotaeva, A.; Nikulin, M.; Grishina, K.; Mansorunov, D.; Apanovich, P; Karpukhin, A. MicroRNA
in Gastric Cancer Development: Mechanisms and Biomarkers. Diagnostics 2020, 10, 891. [CrossRef]

4. Long, H.Z,; Cheng, Y.; Zhou, Z.W.; Luo, H.Y.; Wen, D.D.; Gao, L.C. PI3K/AKT Signal Pathway: A Target of Natural Products in
the Prevention and Treatment of Alzheimer’s Disease and Parkinson’s Disease. Front Pharmacol. 2021, 12, 648636. [CrossRef]

5. Zhao, X,; Hu, G.F; Shi, Y.F; Xu, W. Research progress in microRNA-based therapy for gastric cancer. OncoTargets Ther. 2019,
12,11393-11411. [CrossRef]

6. Herrera-Pariente, C.; Montori, S.; Llach, J.; Bofill, A.; Albeniz, E.; Moreira, L. Biomarkers for Gastric Cancer Screening and Early
Diagnosis. Biomedicines 2021, 9, 1448. [CrossRef] [PubMed]

7. Bautista-Sanchez, D.; Arriaga-Canon, C.; Pedroza-Torres, A.; De La Rosa-Veldzquez, I.A.; Gonzalez-Barrios, R.; Contreras-Espinosa, L.;
Montiel-Manriquez, R.; Castro-Hernédndez, C.; Fragoso-Ontiveros, V.; Alvarez-Gémez, RM.; et al. The Promising Role of miR-21 as a
Cancer Biomarker and Its Importance in RNA-Based Therapeutics. Mol. Ther. Nucleic Acids 2020, 20, 409-420. [CrossRef] [PubMed]

8.  Jiang, Z.; Wang, H,; Li, Y.; Hou, Z.; Ma, N.; Chen, W.; Zong, Z.; Chen, S. MiR-129-5p is down-regulated and involved in migration
and invasion of gastric cancer cells by targeting interleukin-8. Neoplasma 2016, 63, 673-680. [CrossRef]

9.  Chen,],; Yuan, D.; Hao, Q.; Zhu, D.; Chen, Z. LncRNA PCGEM1 mediates oxaliplatin resistance in hepatocellular carcinoma via
miR-129-5p/ETV1 axis in vitro. Adv. Clin. Exp. Med. 2021, 30, 831-838. [CrossRef]

10. Huge, N.; Reinkens, T.; Buurman, R.; Sandbothe, M.; Bergmann, A.; Wallaschek, H.; Vajen, B.; Stalke, A.; Decker, M;
Eilers, M.; et al. MiR-129-5p exerts Wnt signaling-dependent tumor-suppressive functions in hepatocellular carcinoma by directly
targeting hepatoma-derived growth factor HDGEF. Cancer Cell Int. 2022, 22, 1-16. [CrossRef] [PubMed]

11. Wang, Q.; Yu, J. MiR-129-5p suppresses gastric cancer cell invasion and proliferation by inhibiting COL1A1. Biochem. Cell Biol.
2018, 96, 19-25. [CrossRef] [PubMed]

12.  Serafino, A.; Giovannini, D.; Rossi, S.; Cozzolino, M. Targeting the Wnt/ 3-catenin pathway in neurodegenerative diseases: Recent
approaches and current challenges. Expert Opin. Drug Discov. 2020, 15, 803-822. [CrossRef] [PubMed]

13. Wan, P; Bai, X;; Yang, C.; He, T.; Luo, L.; Wang, Y.; Fan, M.; Wang, Z.; Ly, L.; Yin, Y.; et al. miR-129-5p inhibits proliferation,
migration, and invasion in rectal adenocarcinoma cells through targeting E2F7. |. Cell. Physiol. 2020, 235, 5689-5701. [CrossRef]
[PubMed]

14. Ho, V,; Baker, J.R,; Willison, K.R.; Barnes, PJ.; Donnelly, L.E.; Klug, D.R. Single cell quantification of microRNA from small
numbers of non-invasively sampled primary human cells. Commun. Biol. 2023, 6, 458. [CrossRef]

15.  Chiurillo, M.A. Role of the Wnt/ 3-catenin pathway in gastric cancer: An in-depth literature review. World J. Exp. Med. 2015,
5,84-102. [CrossRef]

16. Yan, L.; Sun, K; Liu, Y,; Liang, J.; Cai, K.; Gui, J. MiR-129-5p influences the progression of gastric cancer cells through interacting
with SPOCK1. Tumor Biol. 2017, 39, 1010428317706916. [CrossRef]

17.  Ho, PT.B,; Clark, LM.; Le, L.T.T. MicroRNA-Based Diagnosis and Therapy. Int. J. Mol. Sci. 2022, 23, 7167. [CrossRef]


https://doi.org/10.3389/fcell.2021.630262
https://doi.org/10.1093/abbs/gmz096
https://doi.org/10.3390/diagnostics10110891
https://doi.org/10.3389/fphar.2021.648636
https://doi.org/10.2147/OTT.S221354
https://doi.org/10.3390/biomedicines9101448
https://www.ncbi.nlm.nih.gov/pubmed/34680565
https://doi.org/10.1016/j.omtn.2020.03.003
https://www.ncbi.nlm.nih.gov/pubmed/32244168
https://doi.org/10.4149/neo_2016_503
https://doi.org/10.17219/acem/135533
https://doi.org/10.1186/s12935-022-02582-2
https://www.ncbi.nlm.nih.gov/pubmed/35578240
https://doi.org/10.1139/bcb-2016-0254
https://www.ncbi.nlm.nih.gov/pubmed/28482162
https://doi.org/10.1080/17460441.2020.1746266
https://www.ncbi.nlm.nih.gov/pubmed/32281421
https://doi.org/10.1002/jcp.29501
https://www.ncbi.nlm.nih.gov/pubmed/32052431
https://doi.org/10.1038/s42003-023-04845-8
https://doi.org/10.5493/wjem.v5.i2.84
https://doi.org/10.1177/1010428317706916
https://doi.org/10.3390/ijms23137167

Biomedicines 2023, 11, 2058 12 of 13

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Kalita, A.; Sikora-Skrabaka, M.; Nowakowska-Zajdel, E. Role of Some microRNA/ADAM Proteins Axes in Gastrointestinal
Cancers as a Novel Biomarkers and Potential Therapeutic Targets—A Review. Curr. Issues Mol. Biol. 2023, 45, 2917-2936.
[CrossRef]

Chandrasekera, P.; Perfetto, M.; Lu, C.; Zhuo, M.; Bahudhanapati, H.; Li, J.; Chen, W.-C.; Kulkarni, P.; Christian, L.; Liu, J.; et al.
Metalloprotease ADAMO cleaves ephrin-B ligands and differentially regulates Wnt and mTOR signaling downstream of Akt
kinase in colorectal cancer cells. J. Biol. Chem. 2022, 298, 102225. [CrossRef]

Grutzmann, R.; Luttges, J.; Sipos, B.; Ammerpohl, O.; Dobrowolski, F.; Alldinger, I.; Kersting, S.; Ockert, D.; Koch, RM,;
Kalthoff, H.; et al. ADAMY expression in pancreatic cancer is associated with tumour type and is a prognostic factor in ductal
adenocarcinoma. Br. ]. Cancer 2004, 90, 1053-1058. [CrossRef]

Oh, S.; Park, Y,; Lee, H.-].; Lee, J.; Lee, S.-H.; Baek, Y.-S.; Chun, S.-K,; Lee, S.-M.; Kim, M.; Chon, Y.-E.; et al. A Disintegrin and
Metalloproteinase 9 (ADAMY) in Advanced Hepatocellular Carcinoma and Their Role as a Biomarker During Hepatocellular
Carcinoma Immunotherapy. Cancers 2020, 12, 745. [CrossRef] [PubMed]

Feng, J.; Guo, ].; Wang, ].-P.; Chai, B.-F. MiR-129-5p inhibits proliferation of gastric cancer cells through targeted inhibition on
HMGBI expression. Eur. Rev. Med. Pharmacol. Sci. 2020, 24, 3665-3673. [CrossRef] [PubMed]

Stiren, D.; Yildirim, M.; Demirpence, oF Kaya, V.; Alikanoglu, A.S.; Biilbtiller, N.; Y1ldiz, M.; Sezer, C. The role of high mobility
group box 1 (HMGB1) in colorectal cancer. Med. Sci. Monit. 2014, 20, 530-537. [CrossRef]

Chen, R; Zhu, S.; Fan, X.G.; Wang, H.; Lotze, M.T.; Zeh, H.J., 3rd; Billiar, T.R.; Kang, R.; Tang, D. High mobility group protein
B1 controls liver cancer initiation through yes-associated protein -dependent aerobic glycolysis. Hepatology 2018, 67, 1823-1841.
[CrossRef] [PubMed]

Kang, R.; Tang, D. The Dual Role of HMGBL1 in Pancreatic. Cancer J. Pancreatol. 2018, 1, 19-24. [CrossRef]

Stelow, E.B.; Shaco-Levy, R.; Bao, EF; Garcia, J.; Klimstra, D.S. Pancreatic Acinar Cell Carcinomas with Prominent Ductal
Differentiation: Mixed Acinar Ductal Carcinoma and Mixed Acinar Endocrine Ductal Carcinoma. Am. J. Surg. Pathol. 2010,
34,510-518. [CrossRef]

Hosoda, W.; Wood, L.D. Molecular Genetics of Pancreatic Neoplasms. Surg. Pathol. Clin. 2016, 9, 685-703. [CrossRef] [PubMed]
Karaayvaz, M.; Zhai, H.; Ju, J. miR-129 promotes apoptosis and enhances chemosensitivity to 5-fluorouracil in colorectal cancer.
Cell Death Dis. 2013, 4, €659. [CrossRef]

Yin, Y; Li, ].; Chen, S.; Zhou, T.; Si, J. MicroRNAs as Diagnostic Biomarkers in Gastric Cancer. Int. J. Mol. Sci. 2012, 13, 12544-12555.
[CrossRef]

Serafino, A.; Sferrazza, G.; Baldeschi, A.C.; Nicotera, G.; Andreola, F; Pittaluga, E.; Pierimarchi, P. Developing drugs that target
the Wnt pathway: Recent approaches in cancer and neurodegenerative diseases. Expert Opin. Drug Discov. 2017, 12, 169-186.
[CrossRef]

Zeng, Z.; Liu, Y,; Zheng, W.; Liu, L.; Yin, H.; Zhang, S.; Bai, H.; Hua, L.; Wang, S.; Wang, Z.; et al. MicroRNA-129-5p alleviates
nerve injury and inflammatory response of Alzheimer’s disease via downregulating SOX6. Cell Cycle 2019, 18, 3095-3110.
[CrossRef] [PubMed]

Geng, Z.; Xu, E; Zhang, Y. MiR-129-5p-mediated Beclin-1 suppression inhibits endothelial cell autophagy in atherosclerosis.
Am. ]. Transl. Res. 2016, 8, 1886—1894.

Chen, L.; Guo, X,; Li, Z.; He, Y. Relationship between long non-coding RNAs and Alzheimer’s disease: A systematic review.
Pathol. Res. Pract. 2019, 215, 12-20. [CrossRef]

Li, D,; Zhang, J.; Li, X;; Chen, Y,; Yu, F; Liu, Q. Insights into IncRNAs in Alzheimer’s disease mechanisms. RNA Biol. 2021,
18,1037-1047. [CrossRef]

Jiang, H.; Zhang, Y.; Yue, J.; Shi, Y.; Xiao, B.; Xiao, W.; Luo, Z. Non-coding RNAs: The Neuroinflammatory Regulators in
Neurodegenerative Diseases. Front. Neurol. 2022, 13, 929290. [CrossRef] [PubMed]

Chen, Z.; Wu, H.; Zhang, M. Long non-coding RNA: An underlying bridge linking neuroinflammation and central nervous
system diseases. Neurochem. Int. 2021, 148, 105101. [CrossRef] [PubMed]

Li, Y,; Xu, H,; Fu, X,; Ji, J.; Shi, Y.; Wang, Y. Upregulation of miR-202-5p promotes cell apoptosis and suppresses cell viability of
hypoxia-induced myocardial H9¢c2 cells by targeting SOX6 to inhibit the activation of the PI3K/AKT/FOXO3a pathway. Int. ].
Clin. Exp. Pathol. 2017, 10, 8884-8894.

Iranpanah, A.; Kooshki, L.; Moradi, S.Z.; Saso, L.; Fakhri, S.; Khan, H. The Exosome-Mediated PI3K/Akt/mTOR Signaling
Pathway in Neurological Diseases. Pharmaceutics 2023, 15, 1006. [CrossRef]

Mattson, M.P. Pathways towards and away from Alzheimer’s disease. Nature 2004, 430, 631-639. [CrossRef]

Dobricic, V.; Schilling, M.; Farkas, I.; Gveric, D.O.; Ohlei, O.; Schulz, ].; Middleton, L.; Gentleman, S.M.; Parkkinen, L.;
Bertram, L.; et al. Common signatures of differential microRNA expression in Parkinson’s and Alzheimer’s disease brains.
Brain Commun. 2022, 4, fcac274. [CrossRef]

Loffreda, A.; Nizzardo, M.; Arosio, A.; Ruepp, M.-D.; Calogero, R.A.; Volinia, S.; Galasso, M.; Bendotti, C.; Ferrarese, C.;
Lunetta, C.; et al. miR-129-5p: A key factor and therapeutic target in amyotrophic lateral sclerosis. Prog. Neurobiol. 2020,
190, 101803. [CrossRef] [PubMed]

El Fatimy, R.; Li, S.; Chen, Z.; Mushannen, T.; Gongala, S.; Wei, Z.; Balu, D.T.; Rabinovsky, R.; Cantlon, A.; Elkhal, A ; et al.
MicroRNA-132 provides neuroprotection for tauopathies via multiple signaling pathways. Acta Neuropathol. 2018, 136, 537-555.
[CrossRef]


https://doi.org/10.3390/cimb45040191
https://doi.org/10.1016/j.jbc.2022.102225
https://doi.org/10.1038/sj.bjc.6601645
https://doi.org/10.3390/cancers12030745
https://www.ncbi.nlm.nih.gov/pubmed/32245188
https://doi.org/10.26355/eurrev_202004_20829
https://www.ncbi.nlm.nih.gov/pubmed/32329842
https://doi.org/10.12659/MSM.890531
https://doi.org/10.1002/hep.29663
https://www.ncbi.nlm.nih.gov/pubmed/29149457
https://doi.org/10.1097/JP9.0000000000000002
https://doi.org/10.1097/PAS.0b013e3181cfcac7
https://doi.org/10.1016/j.path.2016.05.011
https://www.ncbi.nlm.nih.gov/pubmed/27926367
https://doi.org/10.1038/cddis.2013.193
https://doi.org/10.3390/ijms131012544
https://doi.org/10.1080/17460441.2017.1271321
https://doi.org/10.1080/15384101.2019.1669388
https://www.ncbi.nlm.nih.gov/pubmed/31564203
https://doi.org/10.1016/j.prp.2018.11.012
https://doi.org/10.1080/15476286.2020.1788848
https://doi.org/10.3389/fneur.2022.929290
https://www.ncbi.nlm.nih.gov/pubmed/36034298
https://doi.org/10.1016/j.neuint.2021.105101
https://www.ncbi.nlm.nih.gov/pubmed/34139298
https://doi.org/10.3390/pharmaceutics15031006
https://doi.org/10.1038/nature02621
https://doi.org/10.1093/braincomms/fcac274
https://doi.org/10.1016/j.pneurobio.2020.101803
https://www.ncbi.nlm.nih.gov/pubmed/32335272
https://doi.org/10.1007/s00401-018-1880-5

Biomedicines 2023, 11, 2058 13 of 13

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Kuo, M.-C;; Liu, S.C.-H.; Hsu, Y.-E; Wu, R.-M. The role of noncoding RNAs in Parkinson’s disease: Biomarkers and associations
with pathogenic pathways. J. Biomed. Sci. 2021, 28, 78. [CrossRef]

Wu, Y.-Y.; Kuo, H.-C. Functional roles and networks of non-coding RNAs in the pathogenesis of neurodegenerative diseases.
J. Biomed. Sci. 2020, 27, 49. [CrossRef] [PubMed]

Chen, D.; Wang, H.; Chen, J.; Li, Z,; Li, S.; Hu, Z.; Huang, S.; Zhao, Y.; He, X. MicroRNA-129-5p Regulates Glycolysis and Cell
Proliferation by Targeting the Glucose Transporter SLC2A3 in Gastric Cancer Cells. Front. Pharmacol. 2018, 9, 502. [CrossRef]
Improta-Caria, A.C.; Nonaka, C.K.V.; Cavalcante, B.R.R.; De Sousa, R.A.L.; Junior, R.A.; Souza, B.S.D.F. Modulation of MicroRNAs
as a Potential Molecular Mechanism Involved in the Beneficial Actions of Physical Exercise in Alzheimer Disease. Int. ]. Mol. Sci.
2020, 21, 4977. [CrossRef]

Wu, C.; Zhang, X.; Chen, P; Ruan, X.; Liu, W,; Li, Y.; Sun, C.; Hou, L.; Yin, B.; Qiang, B.; et al. MicroRNA-129 modulates neuronal
migration by targeting Fmr1 in the developing mouse cortex. Cell Death Dis. 2019, 10, 287. [CrossRef]

Zongaro, S.; Hukema, R.; D’Antoni, S.; Davidovic, L.; Barbry, P; Catania, M.V.; Willemsen, R.; Mari, B.; Bardoni, B. The 3’ UTR of
FMR1 mRNA is a target of miR-101, miR-129-5p and miR-221: Implications for the molecular pathology of FXTAS at the synapse.
Hum. Mol. Genet. 2013, 22, 1971-1982. [CrossRef]

Rajman, M.; Metge, EF; Fiore, R.; Khudayberdiev, S.; Aksoy-Aksel, A.; Bicker, S.; Reschke, C.R.; Raoof, R.; Brennan, G.P;
Delanty, N.; et al. A microRNA-129-5p /Rbfox crosstalk coordinates homeostatic downscaling of excitatory synapses. EMBO ].
2017, 36, 1770-1787. [CrossRef]

Deng, B.; Tang, X.; Wang, Y. Role of microRNA-129 in cancer and non-cancerous diseases (Review). Exp. Ther. Med. 2021, 22, 918.
[CrossRef] [PubMed]

Ishaq, Y.; Ikram, A.; Alzahrani, B.; Khurshid, S. The Role of miRNAs, circRNAs and Their Interactions in Development and
Progression of Hepatocellular Carcinoma: An Insilico Approach. Genes 2023, 14, 13. [CrossRef] [PubMed]

Yao, W.; Xu, L.; Jia, X.; Li, S.; Wei, L. MicroRNA-129 plays a protective role in sepsis-induced acute lung injury through the
suppression of pulmonary inflammation via the modulation of the TAK1/NF-«B pathway. Int. J. Mol. Med. 2021, 48, 139.
[CrossRef] [PubMed]

Qinlin, F; Bingqgiao, W.; Linlin, H.; Peixia, S.; Lexing, X.; Lijun, Y.; Qingwu, Y. miR-129-5p targets FEZ1/SCOC/ULK1/NBR1
complex to restore neuronal function in mice with post-stroke depression. Bioengineered 2022, 13, 9708-9728. [CrossRef] [PubMed]
Lourenco, M.V,; Clarke, J.R.; Frozza, R.L.; Bomfim, T.R.; Forny-Germano, L.; Batista, A.F.; Sathler, L.B.; Brito-Moreira, J.;
Amaral, O.B.; Silva, C.A,; et al. TNF-& mediates PKR-dependent memory impairment and brain IRS-1 inhibition induced by
Alzheimer’s $-amyloid oligomers in mice and monkeys. Cell Metab. 2013, 18, 831-843. [CrossRef] [PubMed]

Xu, F; Na, L,; Li, Y,; Chen, L. Roles of the PI3K/AKT/mTOR signalling pathways in neurodegenerative diseases and tumours.
Cell Biosci. 2020, 10, 54. [CrossRef]

Prossomariti, A.; Piazzi, G.; Alquati, C.; Ricciardiello, L. Are Wnt/3-Catenin and PI3K/AKT/mTORC1 Distinct Pathways in
Colorectal Cancer? Cell Mol. Gastroenterol. Hepatol. 2020, 10, 491-506. [CrossRef]

Vadlakonda, L.; Pasupuleti, M.; Pallu, R. Role of PI3K-AKT-mTOR and Wnt Signaling Pathways in Transition of G1-S Phase of
Cell Cycle in Cancer Cells. Front Oncol. 2013, 12, 85. [CrossRef]

Balaskas, P.; Goljanek-Whysall, K.; Clegg, P.D.; Fang, Y.; Cremers, A.; Smagul, A.; Welting, T.].M.; Peffers, M.]. MicroRNA
Signatures in Cartilage Ageing and Osteoarthritis. Biomedicines 2023, 11, 1189. [CrossRef]

Wang, I.-F,; Ho, P.-C.; Tsai, K.-]. MicroRNAs in Learning and Memory and Their Impact on Alzheimer’s Disease. Biomedicines
2022, 10, 1856. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1186/s12929-021-00775-x
https://doi.org/10.1186/s12929-020-00636-z
https://www.ncbi.nlm.nih.gov/pubmed/32264890
https://doi.org/10.3389/fphar.2018.00502
https://doi.org/10.3390/ijms21144977
https://doi.org/10.1038/s41419-019-1517-1
https://doi.org/10.1093/hmg/ddt044
https://doi.org/10.15252/embj.201695748
https://doi.org/10.3892/etm.2021.10350
https://www.ncbi.nlm.nih.gov/pubmed/34335879
https://doi.org/10.3390/genes14010013
https://www.ncbi.nlm.nih.gov/pubmed/36672755
https://doi.org/10.3892/ijmm.2021.4972
https://www.ncbi.nlm.nih.gov/pubmed/34080641
https://doi.org/10.1080/21655979.2022.2059910
https://www.ncbi.nlm.nih.gov/pubmed/35435132
https://doi.org/10.1016/j.cmet.2013.11.002
https://www.ncbi.nlm.nih.gov/pubmed/24315369
https://doi.org/10.1186/s13578-020-00416-0
https://doi.org/10.1016/j.jcmgh.2020.04.007
https://doi.org/10.3389/fonc.2013.00085
https://doi.org/10.3390/biomedicines11041189
https://doi.org/10.3390/biomedicines10081856

	Introduction 
	Methods 
	Results and Discussion 
	Studies on miRNA 129 in Digestive Cancer 
	Studies on microRNA 129-5-p in Neurological Diseases and Depression 

	Conclusions 
	References

