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Abstract. An increasing number of studies indicate that
microRNAs (miRNAs/miRs) are involved in diverse
biological signaling pathways and play important roles in the
progression of various diseases, including both oncological
and non-oncological diseases. These small non-coding RNAs
can block translation, resulting in a low expression level of
target genes. miR-129 is an miRNA that has been the focus
of considerable research in recent years. A growing body of
evidence shows that the miR-129 family not only functions in
cancer, including osteosarcoma, nasopharyngeal carcinoma,
and ovarian, prostate, lung, breast and colon cancer, but also
in non-cancerous diseases, including heart failure (HF),
epilepsy, Alzheimer's disease (AD), obesity, diabetes and
intervertebral disc degeneration (IVDD). It is therefore neces-
sary to summarize current research progress on the role of
miR-129 in different diseases. The present review includes an
updated summary of the mechanisms of the miR-129 family
in oncological and non-oncological diseases. To the best of
our knowledge, this is the first review focusing on the role
of miR-129 in non-cancerous diseases such as obesity, HF,
epilepsy, diabetes, IVDD and AD.
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1. Introduction

MicroRNAs (miRNAs/miRs) are an evolutionarily conserved
class of small non-coding RNAs of 18-25 nucleotides in
length, which are considered to be involved in the majority
of known physiological and pathological processes, including
oncological and non-oncological diseases (1). miRNAs func-
tion as target gene expression repressors through base-pairing
with the 3'-untranslated region (UTR) of endogenous mRNAs.
The miR-129 family consists of two members: miR-129-1 and
miR-129-2. miR-129-1 (gene 1D, 406917) is located on chro-
mosome 7q32.1, a region that is frequently deleted in multiple
tumors. miR-129-2 (gene 1D, 406918) is located on chromo-
some 11pl1.2. Each of these miRNAs produces two mature
miRNA strands that are denoted with a -3p or -5p suffix (2).
The biogenesis of mature miR-129 undergoes the following
stages: Pri-miR-129 (the non-coding primary transcript of the
miR-129 gene transcribed by RNA polymerase IT), pre-miR-129
(the 70-nucleotide stem-loop precursor miR-129 obtained
by cleaving pri-miR-129 through Drosha ribonuclease III
enzyme), duplex (the complex composed of mature miRNA
and antisense miRNA, and obtained by cleaving pre-miR-129
by the cytoplasmic Dicer ribonuclease) and the mature miR-129
strand (one of the strands from the duplex that will be incorpo-
rated into Argonaute and then into the RNA-induced silencing
complex) (3). It has been reported that the expression of the
miR-129 family is aberrant in several types of oncological
and non-oncological diseases; it is downregulated in pros-
tate cancer (miR-129-5p and miR-129-3p) (4), osteosarcoma
(miR-129-5p) (5), lung cancer (miR-129-5p) (6), breast cancer
(miR-129-5p) (7), nasopharyngeal carcinoma (miR-129-5p) (8),
ovarian cancer (miR-129-5p and miR-129-3p) (9), colon
cancer (miR-129-5p and miR-129-3p) (10), heart failure
(HF; miR-129-5p) (11), epilepsy (miR-129-5p) (12), inter-
vertebral disc degeneration (IVDD; miR-129-5p) (13) and
Alzheimer's disease (AD; miR-129-5p) (14), but upregulated
in obesity (miR-129-5p and miR-129-3p) (15) and diabetes
(miR-129-5p and miR-129-3p) (16). In different diseases,
the miR-129 family has different targets for modulating
various biological processes (Tables I and II) and involves
multiple signaling pathways (Figs. 1 and 2), thus playing an
important role in promoting or blocking disease progression
(Tables III and IV). Members of the miR-129 family have
been reported as potentially promising biomarkers in certain
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diseases, such as diabetes and epilepsy (12,16). Therefore, the
aim of the present review was to summarize the functions of
the miR-129 family in the development of oncological and
non-oncological diseases, focusing on the role of miR-129 as
a potential therapeutic target and biomarker in future clinical
applications.

2. Role of miR-129 in oncological phenotypes

Prostate cancer. Prostate cancer is one of the most commonly
diagnosed diseases among elderly men (4). The Wnt/f3-catenin
signaling pathway is one of the major signaling pathways of
epithelial-mesenchymal transition (EMT), and its target genes
mediate cancer initiation and progression by regulating cell
proliferation and apoptosis (17). In prostate cancer cells, the
Whnt protein can enhance resistance to treatment (18) and the
EMT (4). miR-129-5p has a decreased expression level in pros-
tate cancer tissues (19). In a previous study, the overexpression
of miR-129 decreased Zic family member 2 (ZIC2) expression
and thus inhibited Wnt/B-catenin signaling pathway, that was
the expression of phosphorylated Wnt, f-catenin, N-cadherin
and vimentin decreased, but that of E-cadherin increased,
demonstrating that the overexpression of miR-129-5p might
hinder the activation of the Wnt/B-catenin signaling pathway
by targeting (ZIC2 to inhibit EMT, angiogenesis, tumori-
genesis, migration and apoptosis in prostate cancer (4). ETS
variant transcription factor 1 (ETV1) encodes a number of the
E-twenty-six family of transcription factors and accelerates
prostate cancer cell proliferation through the transcriptional
activation of yes-associated protein (YAP) (20). One study
has identified a negative targeting association between the
ETV1 gene and miR-129-5p, based on reverse transcription
(RT)-qPCR, bioinformatics and dual-luciferase reporter assay
experiments (20). In addition, Hippo/ YAP signaling has been
shown to be suppressed through ETV1 (20). Therefore, when
miR-129-5pisoverexpressed, the proliferation of prostate cancer
cells is suppressed through the ETV1/Hippo/YAP axis (20).
SMAD family member 3 (SMAD3) is a protein-coding gene;
the SMADs protein family plays a key role in transforming
growth factor-p (TGF-f) signaling from cell surface receptors
to the nucleus, and different SMADs mediate the signal trans-
duction of different TGF-f family members (19). A negative
correlation has also been observed between miR-129-3p and
its target gene SMAD?3, which inhibits the proliferation and
invasion of prostate cancer cells by decreasing the expres-
sion of anti-apoptosis protein Bcl-2 and increasing that of
the pro-apoptotic protein BAX to promote apoptosis (19,21).
The level of miR-129 in patients with prostate cancer before
and after chemotherapy increase following treatment, indi-
cating that a high miR-129 expression is beneficial to patient
survival (22). Therefore, the increased expression of miR-129
plays an important role in inhibiting prostate cancer cells.

Osteosarcoma. Osteosarcoma is the most common primary
bone tumor and it occurs most frequently in adolescents (23).
HIFIA antisense RNA 2 (HIF1A-AS2) is an RNA gene affili-
ated with the long non-coding RNA (IncRNAs) class of RNAs.
HIF1A-AS2 IncRNA has been shown to play a vital role in
bladder cancer, colorectal cancer and osteosarcoma (24-26),
among others. The expression of miR-129 has also been found

to be altered in osteosarcoma. Certain studies detected the
expression of HIF1A-AS2 and miR-129-5p in osteosarcoma
cells, and used dual-luciferase reporter assays and other
methods to determine the interaction between the two (24-26);
the results showed that the increased expression of HIF1A-AS2
inhibited osteosarcoma cell proliferation and cancer cell inva-
sion by altering miR-129-5p expression (5). LIM homeobox 2
(LHX?2) is a protein-coding gene; its protein, consisting of two
zinc finger domains, participates in cell differentiation and
embryonic development (27,28). LHX?2 has been shown to play
a vital role in nasopharyngeal carcinoma by regulating Wnt
signaling in breast and lung cancer (29-31). A previous study
showed that in osteosarcoma, LHX?2 silencing did not alter
the total amount of Akt or mechanistic target of rapamycin
(mTOR), but decreased the level of phosphorylated-Akt and
-mTOR, and that miR-129-5p knockdown in osteosarcoma
promoted tumorigenesis and inhibited autophagy through the
transcription factor LHX2/Akt/mTOR signaling axis (32).
Therefore, miR-129 is associated with osteosarcoma cell
proliferation, cancer cell invasion and autophagy.

Lung cancer. Lung cancer is the second leading cause of
mortality in the rural population of China and is known to
cause severe health problems worldwide (33). Tyrosine 3-plus
monooxygenase/tryptophan 5-plus monooxygenase activa-
tion protein § (YWHAB) interacts with a variety of proteins
and regulates various functions of the human body through
both dependent or independent serine phosphorylation (6).
For example, YWHAB is involved in signal transduction,
proliferation and apoptosis, and is crucial to the occurrence
and development of tumors (34). Research has shown that
miR-129-5p overexpression could increase the apoptosis of
lung cancer cells following treatment with miR-129-5p mimics
in etoposide-induced lung cancer cells. Using the enzyme
reporting method, western blot analysis and RT-qPCR,
miR-129-5p was proven to be negatively correlated with
YWHAB, and miR-129-5p regulated YWHAB in lung cancer
tissues (35). Zinc finger E-box binding homeobox 2 (ZEB2)
is a member of the ZEB family of transcription factors and
is known to help mediate EMT (36). In non-small cell lung
cancer (NSCLC), miR-129 was found to directly target
ZEB2 to inhibit NSCLC cell proliferation (37). miR-129 also
regulates the Wnt/p-catenin signaling pathway by decreasing
the expression of activated B-catenin, c-Myc and cyclin DI.
Therefore, these studies have concluded that miR-129 inhibits
NSCLC cell proliferation, migration and invasion through the
ZEB?2 axis, EMT and the Wnt/f3-catenin axis. miR-129 has an
important regulatory role in the occurrence and development
of lung cancer through different signaling pathways.

Breast cancer. The deregulation of miRNA is closely linked
to cancer development and progression, and miR-129 plays
an important role in breast cancer through different signaling
pathways (7). A previous study confirmed that miR-129-5p
could inhibit proliferation and metastasis in breast cancer (38).
Chromobox 4 (CBX4), also known as polycomb 2, is a
special chromobox protein that it is not only a transcriptional
repressor, but also a small ubiquitin-like modifier E3 ligase,
which has been identified as an oncogene (38). The expression
of CBX4 in MCF7, T47D, MDA-MB-468, MDA-MB-231,
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Table I. Targets of microRNA-129 in cancer.

Cancer type Target miRNA regulatory element (Refs.)
Prostate cancer Wnt cgUuCGggguCugGCGUUUU 4)
ETVI gucuggcGUUUUU (20)
Smad3 cgaaaaaccccaUUCCCGA 21
Osteosarcoma HIF1A-AS2 guUCGGGUCuggecGUUUUUC (5)
LHX2 cguucgggucuggCGUUUUU (25)
Lung cancer YWHAB cguucgggucuggCGUUUUUC (35)
ZEB2 cguucgggucuggCGUUUUUC 37
Breast cancer CBX4 guucggGgUcuggCGUUUUU (7)
MALAT1 cguucgggucuggCGUUUUUc (40)
Nasopharyngeal ZIC2 gUuCGggucUggCGUUUUUC ®)
carcinoma WEE1 / (48)
Ovarian cancer BZW1 gaaaaaccccaUUCCCGAa (50)
SOX4 / (53)
PCAT-1 ucgggucuggCGUUUUUc (49)
ABCBI1 ucgggucuggcGUUUUUC ©)]
YAP CgUucggGUCugGeGUUUUUc (59)
TAZ cgUucgggUcUggCGUUUUUC (59)
Colon cancer HMGBI tcgggatetggCGTTTTTe (10)
Pirh2 / (64)

Bases written in upper case of miRNA regulatory elements can form complementary pairs with the bases in 3'-UTR of endogenous mRNAs.
miRNA, microRNA; ETV1,ETS variant transcription factor 1; Smad3, SMAD family member 3; HIF1A-AS2, HIF1A antisense RNA 2; LHX2,
LIM homeobox 2; YWHAB, tyrosine 3-plus monooxygenase/tryptophan 5-plus monooxygenase activation protein 3; ZEB2, Zinc finger E-box
binding homeobox 2; CBX4, chromobox 4; MALAT1, metastasis-associated lung adenocarcinoma transcript 1; ZIC2, Zic family member 2;
WEE1, WEEI G2 checkpoint kinase; BZW1, basic leucine zipper and W2 domains 1; SOX4, SRY-box transcription factor 4; PCAT-1,
prostate cancer-associated transcript 1; ABCB1, ATP-binding cassette subfamily B member 1; YAP, yes-associated protein; TAZ, tafazzin;
HMGB1, high-mobility group box-1; Pirh2, ring finger and CHY zinc finger domain containing 1.

SKBR3 and normal MCF10A breast cancer cells was detected
by RT-qPCR and western blot analysis, and it was found that
the overexpression of CBX4 could promote cell proliferation,
while the depletion of CBX4 could arrest cells in the G,/M
phase. The results demonstrated the regulatory relationship
between the CBX4 gene and miR-129-5p by showing that
the increase of miR-129-5p depleted CBX4, which inhibited
cancer cell proliferation. This correlation may provide new
targets and ideas for the treatment of breast cancer (7).
Triple-negative breast cancer has high invasive potential
and a high recurrence rate, and its successful treatment remains
a challenge (39). Silencing IncRNA metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) was shown to halt
triple-negative breast cancer cells at the G,/G, stage through
an miR-129-5p-mediated mechanism, and could also mark-
edly decrease cell proliferation, migration and invasion (40).
The continuous improvement of the diagnosis and treatment
of breast cancer, and the development of novel treatments, is
accompanied by drug resistance. Trastuzumab is a drug specifi-
cally targeted to human epidermal growth factor receptor 2
(Her-2)-positive breast cancer; it prevents the combination of
Her-2 and human epidermal growth factor, thus leading to a
therapeutic effect (41). In trastuzumab-resistant Her-2-positive
breast cancer cells, miR-129-5p was shown to be downregu-
lated, and a dual-luciferase reporter assay experiment showed

that miR-129-5p enhanced breast cancer sensitivity to trastu-
zumab by targeting ribosomal protein S, which is crucial to
combating Her-2 trastuzumab resistance (42). The response
to hormonal therapy is affected by the progesterone receptor
(PR)-status of patients with breast cancer. The overexpression
of miR-129-2 stimulated the effect of progesterone treatment by
downregulating PR, and the inhibition of miR-129-2 repealed
its interaction with PR in breast cancer cells (43). To the best
of our knowledge, there have been no specific experimental
studies on luminal A and B breast cancer; however, clinically,
the expression of miR-129 in the serum of patients with breast
cancer is lower than that of healthy individuals (44,45).

Nasopharyngeal carcinoma. The etiology of nasopharyngeal
carcinoma involves several factors and lacks obvious char-
acteristics (8). ZIC2 is a transcription factor encoded by the
ZIC2 gene, which has been proven to play a role in a variety
of cancer types (46). A direct targeting relationship between
miR-129-5p and ZIC2 has been confirmed, which eliminates
the activation of the Hedgehog signaling pathway, thereby
inhibiting lymphangiogenesis and lymph node metastasis
in nasopharyngeal carcinoma. It has also been shown that
miR-129-5p can decrease the expression of associated genes
smoothened, frizzled class receptor and GLI family zinc
finger 1 in the Hedgehog signaling pathway, thus inhibiting
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Table II. Targets of microRNA-129 in non-cancerous diseases.

Disease type Target miRNA regulatory element (Refs.)
Obesity ATG7 cguucgggucugegcGUUUUUUC (79)
Heart failure HMGBI1 cguucgggucuggCGUUUUUC (11)
GRIN2D gaaaaccccaUUCCCGAa (92)
NEAT1 cguucggeucUGGCGUUUUUC 97
Epilepsy c-Fos cguucggeUCUGGCGUUUUUc (105)
Diabetes Casp6 aAGCCCUUaccaaaaagcau (121)
CCR2 aACCCCUUAccccaaaaagcau (121)
Spl / (122)
Intervertebral disc FADD cguucgggucuggCGUUUUUC (133)
degeneration BMP2 / /
Beclin-1 cguucgggucuggcGUUUUUC (135)
Alzheimer's disease EP300 / (14)
SOX6 CguucgggucuggCGUUUUUC (140)

Bases written in upper case of miRNA regulatory elements can form complementary pairs with the bases in 3'-UTR of endogenous mRNAs.
ATG7, autophagy-related gene 7; HMGB1, high-mobility group box-1; GRIN2D, glutamate ionotropic receptor N-methyl-D-aspartate type

subunit 2D; NEAT1, nuclear paraspeckle assembly transcript 1;

c-Fos, c-Fos proto-oncogene; Casp6, caspase 6; CCR2, C-C chemokine

receptor type 2; Spl, specificity protein-1; FADD, Fas-associated death domain; BMP2, bone morphogenetic protein 2; EP300, E1A binding

protein P300; SOX6, SRY-box transcription factor 4.
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Figure 1. Signaling pathway axis of miR-129 in lung cancer, breast cancer, ovarian cancer and osteosarcoma. miR, microRNA; BZW1, basic leucine zipper
and W2 domains 1; YAP, yes-associated protein; TAZ, tafazzin; mTOR, mechanistic target of rapamycin; CBX1, chromobox 4; YWHAB, tyrosine 3-plus
monooxygenase/tryptophan 5-plus monooxygenase activation protein (3; LHX2, LIM homeobox 2; PCAT-1, prostate cancer-associated transcript 1.

the apoptosis of nucleus pulposus cells (NPCs) (8). In addi-
tion, WEE1 G2 checkpoint kinase (WEE1; molecular weight,
96 kDa) is a member of the serine/threonine-protein kinase
family, which can phosphorylate threonine 14 and tyrosine 15
of cyclin-dependent kinase 1 (CDK1) to inhibit CDK1 kinase
activity, thereby inhibiting cell mitosis (47). The expression

level of miR-129-3p in cisplatin-resistant nasopharyngeal
carcinoma cells was found to be significantly lower than that in
non-resistant nasopharyngeal carcinoma cells, and a negative
targeting relationship was identified between miR-129-1-3p
and WEEIL. miR-129-1-3p was found to decrease cisplatin
resistance by inhibiting WEEI in cisplatin-resistant cells (48).
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Figure 2. Molecular regulatory network of miR-129 in HF and diabetes (different colors). miR-129 acts as a beneficial factor by inhibiting functions of
neutrophils in diabetes and by inhibiting inflammation and maintaining cellular calcium balance in HF. miR, microRNA; Casp, caspase; Ccr2, C-C chemokine
receptor type 2; HMGBI, high-mobility group box-1; NEAT1, nuclear paraspeckle assembly transcript 1; NMDA, N-methyl-D-aspartate; GRIN2D, glutamate

ionotropic receptor N-methyl-D-aspartate type subunit 2D; HF, heart failure.

In conclusion, miR-129 plays an important role in the apop-
tosis and drug resistance of nasopharyngeal carcinoma cells.

Ovarian cancer. Ovarian cancer is one of the most common
types of cancer and the leading cause of cancer-associated
mortality in women, according to global statistics in 2019 (49).
Basic leucine zipper and W2 domains 1 (BZW1) is a member
of the bZIP superfamily of transcription factors (50). The
overexpression of miR-129-3p targets the cell cycle regu-
lator BZW1 in SKOV3 cells, which arrests most cells in the
G,/G, phase and only permits a few cells to aggregate in the
S phase, suggesting that miR-129-3p inhibits ovarian cancer
cell proliferation (50). In addition, studies have confirmed
that miR-129-3p could inhibit ovarian cancer cell migration,
indicating that miR-129-3p also plays an important role in the
development of ovarian cancer (4,9,50). Small nucleolus RNA
host gene 12 (SNHGI12) is an RNA gene associated with the
IncRNA class of RNAs. SNHG12 IncRNA has been shown
to play a vital role in gastric and colorectal cancer (51,52).
miR-129 expression was downregulated by SNHGI12 overex-
pression in ovarian cancer cells, and it could regulate ovarian
cancer development by promoting proliferation and enhancing
the migratory ability of cells through the downregulation of
SRY-box transcription factor 4 (SOX4) (53). The biological
functions of prostate cancer-associated transcript 1 (PCAT1),
which was initially shown to play oncogenic roles in prostate
cancer (54), have been documented in multiple types of human
cancer, including gastric cancer (55), hepatocellular carcinoma
and colorectal cancer (56,57). PCAT-1 expression was also

increased in ovarian cancer and could promote cancer cell
proliferation and inhibit cancer cell apoptosis, the opposite
trend of that observed for miR-129 expression and the pheno-
type in ovarian cancer cells. Bioinformatics predictions and
dual-luciferase reporter assay results showed that PCAT-1 and
miR-129 were negatively correlated, and that the overexpres-
sion of PCAT-1 inhibited miR-129, promoting ovarian cancer
development (49).

IncRNA overexpression of urothelial carcinoma-
associated protein 1 (UCAI) is associated with resistance to
chemotherapeutics and plays a key role in anticancer drug
resistance (58). A previous study showed that IncRNA UCA1
was highly expressed in paclitaxel (PTX)-resistant ovarian
cancer, while its knockdown weakened that resistance (9). It
was further demonstrated that UCA1 competitively bound to
miR-129, which triggered the release of ATP-binding cassette
subfamily B member 1 (ABCB1) mRNA and increased the
resistance of ovarian cancer cells to PTX. Briefly, ABCBI
upregulation via the UCA1/miR-129 axis promoted PTX
resistance in ovarian cancer (9). YAP and tafazzin (TAZ)
transcription coactivators are key oncogenes in mammalian
cells. The levels of these two transcription coactivators were
decreased in SKOV3 cells transfected with miR-129-5p. Low
miR-129-5p expression was shown to increase YAP and TAZ
expression, thus increasing the aggressiveness of ovarian
cancer and leading to a poor prognosis (59). Among all the
changes in the expression of breast- and ovarian-related genes
and their regulatory miRNA expression and the methylation
of promoter CpG islands, the methylation of miR-129-3p
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Table III. Differential expression and functions of the miR-129 family with confirmed targets in cancer.

Cancer types Axis Differential expression Functions (Refs.)
Prostate cancer miR-129/Wnt/ZIC2 Downregulated Inhibit epithelial-mesenchymal “4)
transition, angiogenesis,
tumorigenesis, migration and
apoptosis
miR-129-5p/ETV1/ Inhibit the growth of prostate (20)
Hippo/YAP cancer cells
miR-129-3p/SMAD3/ Promote apoptosis and inhibit 21
Bcl-2(BAX) the proliferation and invasion of
prostate cancer
Osteosarcoma HIF1A-AS2/miR-129 Downregulated Inhibit osteosarcoma cell 5
proliferation and cancer cell
invasion
miR-129/LHX?2/ Inhibit tumors and autophagy (32)
mTOR
Lung cancer miR-129/'YWHAB Downregulated Increase the apoptosis of lung 35)
cancer cells
miR-129/ZEB2 Inhibit NSCLC cell 37
proliferation, migration and
invasion
Breast cancer miR-129-5p/CBX4 Downregulated Inhibit the proliferation of (7)
cancer cells
MALAT1/miR-129-5p Inhibit cell proliferation, (40)
migration and invasion
Nasopharyngeal miR-129-5p/ZIC2 Downregulated Inhibit lymphangiogenesis, ®)
carcinoma lymph node metastasis and the
apoptosis of NPC
miR-129-3p/WEE1 Decrease cisplatin resistance (48)
Ovarian cancer miR-129-3p/BZW1 Downregulated Inhibit the proliferation and the (50)
migration of ovarian cancer cells
SNHG12/miR-129/ Inhibit proliferation and (53)
SOX4 migration ability
PCAT-1/miR-129 Inhibit growth and promote (49)
apoptosis of cancer cells
UCA1/miR-129/ABCB1 Inhibit PTX resistance in OC )
miR-129-5p/ Inhibit the invasiveness of (59)
YAP&TAZ ovarian cancer
Colon cancer MALAT1/miR-129-5p/ Downregulated Inhibit the progression of colon (10)
HMGBI1 cancer
miR-129-3p/Pirh2/p53 Induce cell senescence (64)

miR, microRNA; NSCLC, non-small cell lung cancer; NPC, nucleus pulposus cell; PTX, paclitaxel; OC, ovarian cancer; ETV1, ETS variant
transcription factor 1; HIF1A-AS2, HIF1A antisense RNA 2; LHX2, LIM homeobox 2; mTOR, mechanistic target of rapamycin; YWHAB,
tyrosine 3-plus monooxygenase/tryptophan 5-plus monooxygenase activation protein §; ZEB2, Zinc finger E-box binding homeobox 2; CBX4,
chromobox 4; MALAT1, metastasis-associated lung adenocarcinoma transcript 1; ZIC2, Zic family member 2; WEE1, WEE1 G2 checkpoint
kinase; BZW1, basic leucine zipper and W2 domains 1; SOX4, SRY-box transcription factor 4; PCAT-1, prostate cancer-associated transcript 1;
ABCBI1, ATP-binding cassette subfamily B member 1; YAP, yes-associated protein; TAZ, tafazzin; HMGB1, high-mobility group box-1;
Pirh2, ring finger and CHY zinc finger domain containing 1.

identified in ovarian cancer and breast cancer (60). In conclu-
sion, miR-129 plays a significant role in ovarian cancer cell
proliferation and migration.

and SEMA3B has been found at a high frequency in ovarian
cancer. In addition, a correlation between SEM A3B promoter
hypermethylation and miR-129 gene downregulation was
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Table IV. Differential expression and functions of the miR-129 family with confirmed targets in non-cancerous diseases.

Differential
Disease type Axis expression Functions (Refs.)
Obesity miR-129-5P/ATG7 Upregulated Downregulate autophagy pathways, (79)
resulting in inhibition of white
adipogenesis
Heart failure miR-129-5P/HMGBI1 Downregulated Inhibit inflammation and decrease (11)
levels of TNF-a and IL-6
miR-129-3p/GRIN2D/Ca** Inhibit calcium overload to avoid 92)
damage from high concentration
of Ca*
NEAT1/miR-129-5p Inhibit H,0,-induced apoptosis in 7
cardiomyocytes
Epilepsy miR-129-5p/c-Fos/MAPK Downregulated Inhibit MAPK signaling transduction (105)
to decrease the frequency of epilepsy
seizures
Diabetes miR-129-3p/Caspb Upregulated Inhibit caspase 8 signaling pathway to (121)
decrease apoptosis of neutrophils
miR-129-3p/Ccr2 Inhibit recruitment of neutrophils (121)
miR-129-5p/Spl Inhibit degradation of ECM (122)
components
Intervertebral miR-129-5p/ Upregulated Facilitate the proliferation and inhibit (133)
disc FADD&BMP2 the apoptosis of NPCs
degeneration miR-129-5p/Beclin-1 Inhibit autophagy and thus promote (135)
apoptosis of NPCs
Alzheimer's miR-129-5p/EP300 Downregulated Influence histone acetylation and (14)
disease chromatin remodeling to alter
expression of B-amyloid and t-protein
miR-129-5p/SOX6 Inhibit apoptosis, inflammatory (140)

reactions and increase proliferation
of rat hippocampal neurons

miR, microRNA; ECM, extracellular matrix; NPC, nucleus pulposus cell; ATG7, autophagy-related gene 7; HMGB1, high-mobility group
box-1; GRIN2D, glutamate ionotropic receptor N-methyl-D-aspartate type subunit 2D; NEAT1, nuclear paraspeckle assembly transcript 1;
c-Fos, c-Fos proto-oncogene; MAPK, mitogen-activated protein kinase; Casp6, caspase 6; CCR2, C-C chemokine receptor type 2; Spl,
specificity protein-1; FADD, Fas-associated death domain; BMP2, bone morphogenetic protein 2; EP300, E1A binding protein P300; SOX6,

SRY-box transcription factor 4.

Coloncancer. MALAT1 hasbeen proventobe animportantregu-
lator of miR-129 in breast cancer (10), and high-mobility group
box-1 (HMGBI) is a vital member of the HMG family, which has
been shown to play a crucial role in pancreatic (61), breast (62)
and prostate (63) cancer. In colon cancer cells, miR-129-5p was
downregulated, and the expression of HMGB1 and MALAT1
was increased. The MALAT1/miR-129-5p/HMGBI axis was
also found to be an important target axis for regulating the
progression of colon cancer (10). pS3 is a tumor suppressor
protein and transcription factor that can regulate cell division,
prevent DNA mutations or division of damaged cells, and
transmit apoptotic signals to those cells through transcriptional
regulation, thereby preventing tumor formation. The active
ingredient, Avenanthramide A, which is present in oats, was
found to exert a protective mechanism against colon cancer by
elevating miR-129-3p to inhibit ring finger and CHY zinc finger

domain containing 1 (Pirh2), resulting in a significant increase
in the protein levels of p53 and its downstream target p21, ulti-
mately leading to a significant increase in senescent cells (64).
In other words, Avenanthramide A induces cell senescence
through the miR-129-3p/Pirh2/p53 axis (64). The occurrence
and development of colon cancer are closely linked to the
downregulation of miR-129. Experiments using a new miR-129
mimic (mimic-1) found that, compared with natural miR-129,
mimic-1 had a stronger inhibitory effect on colon cancer and
induced colon cancer cell apoptosis. Furthermore, the half-life
of mimic-1 was longer than that of natural miR-129, and so
has a more profound impact as a therapeutic candidate in colon
cancer treatment (65).

Other cancer types. miR-129-5p also plays an impor-
tant role in esophageal carcinoma (66), hepatocellular
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carcinoma (67), uterine fibroid (68) and cervical cancer (69).
The expression of miR-129 has been reported to be low in
most types of cancer (4-10). miR-129 has also been shown
to play an important role in the proliferation, migration and
drug resistance of cancer cells through various molecular
axes, such as miR-129/CBX4 (7), miR-129/ZEB2 (37) and
miR-129/ABCBI1 (4). In combination, these results indicated
the potential of miR-129 for use in cancer treatment.

3. Role of miR-129 in non-oncological phenotypes

Obesity. Obesity is a metabolic disease and an important
inducing factor of metabolic disorders (70,71), such as type II
diabetes and cardiovascular disease (15).

An eicosapentaenoic acid-regulating differentially
expressed gene analysis of miRNAs in brown adipose
tissue (BAT) from diet-induced obese mice indicated that
miR-129-5p and miR-129-3p were significantly upregu-
lated, which was subsequently validated by RT-qPCR (15).
Obesity is defined as redundant fat accumulation in adipose
tissue without a clearly known pathogenesis (72). Another
analysis of autophagy-related genes showed that key adipocyte
differentiation pathways, including mTOR and insulin, and
adipocytokine signaling pathways may be upregulated by
autophagy-related gene 7 (ATG7)-mediated autophagy (73,74).
Autophagy is a cellular recycling pathway that delivers cyto-
plasmic cargo into lysosomes for the maintenance of cellular
quality control (75), which may be associated with obesity (76).
ATGT7 has been identified as one of the principal molecular
executors of autophagy (77). By removing ubiquitinated
AMP-activated protein kinase and thus stimulating mTOR
signaling pathways (78), the activation of ATG7-mediated
autophagy, which has been confirmed to lead to increased
white adipose tissue (WAT), is vital for adipocyte differentia-
tion. miR-129-5p may directly target ATG7 to downregulate
autophagy pathways, resulting in the inhibition of white adipo-
genesis (79). Consistently, when transfecting miR-129-5p
mimics in the subcutaneous fat tissues of mice, the expression
of key effectors in adipocyte differentiation, fatty acid-binding
protein 4, CCA AT/enhancer-binding protein and peroxisome
proliferator-activated receptor vy, were decreased (79).

In addition, the overexpression of miR-129-5p was
found to lead to the inhibition of brown adipogenesis, which
may be associated with the decrease protein expression of
adipogenic genes and specific markers of brown mature
adipocytes, such as uncoupling protein 1, PR/SET domain 16
and cell death-inducing DFFA-like effector-a (79). The use
of miR-129-5p inhibitors led to an increase in the number
of mature brown adipocytes compared with the use of nega-
tive control inhibitors (79). However, the direct target of
miR-129-5p in BAT remains unknown. Considering that BAT
activation abnormality may contribute to obesity, exploring the
regulatory mechanism of miR-129-5p in brown adipogenesis
is worthy of consideration.

An excessive body intake of triacylglycerols was shown to
lead to adipocyte hyperplasia and subsequent accumulation
of lipids in WAT, consequently promoting the development of
obesity (80). A series of predicted target genes of miR-129 have
been found to be associated with triacylglycerol metabolism
and thus, miR-129 may regulate the progression of obesity (81).

However, the exact mechanism of the miR-129-mediated
alteration of triacylglycerol metabolism in obesity requires
further study.

The miR-129 family negatively regulates the formation
of obesity using at least three different approaches, involving
white and brown adipogenesis and triacylglycerol metabolism.
To the best of our knowledge, miR-129 can directly target and
inhibit ATG7 to decrease the accumulation of WAT, while its
other targets remain uncharted or unsubstantiated in brown
adipogenesis and triacylglycerol metabolism.

HF.HF occurs in ~1/5 individuals during their lifetime, partic-
ularly individuals aged >40 years, decreasing their quality of
life (82). As shown by a longitudinal study, HF is associated
with inflammatory reactions (83). HMGBI is an omnipresent
nuclear protein that is commonly discharged by dead or dying
cells (84). A previous study showed that HMGBI was an effec-
tive biomarker for predicting heart transplantation in patients
with HF (85). The persistence of HMGBI in the microenviron-
ment is one of the main contributing factors to the increase
in inflammation and more severe symptoms (86). HMGBI1
inhibition can alleviate inflammation, thus affecting the patho-
genesis and progression of HF (11). miR-129-5p was found to
complementarily bind to the 3'-UTR of HMGB1 mRNA with
its seed region, which led to a decrease in the protein levels of
HMGBI, followed by a decrease in the levels of TNF-a and
IL-6 to ameliorate HF (11).

Anthracyclines are highly effective in the treatment
of a large number of malignancies (87). However, HF, a
well-known side effect of these drugs, limits its use in chemo-
therapy (88-90). As shown by Kyoto Encyclopedia of Genes
and Genomes pathway enrichment analysis, Ca*" pathway
dysregulation is an important cause of anthracycline-induced
HF (91,92). Ca* can trigger mitochondrial swelling in
anthracycline-damaged cardiac tissues (93) and Ca** overload
may result in the degradation of the myofilament protein titin,
causing sarcomere disruption and cell necrosis (91). Glutamate
ionotropic receptor N-methyl-D-aspartate (NMDA) type
subunit 2D (GRIN2D) is an essential subunit of the NMDA
receptor Ca?* channel, which involves the formation of
ligand-gated ion channels with high Ca*" permeability (94).
Since GRIN2D is considered a key regulator of Ca** influx, its
expression is closely linked to cytoplasmic Ca®* content (10).
Calmodulin 1 (CALMI) and Ca*/calmodulin-dependent
protein kinase IT 0 (CaMKII9), the key downstream activa-
tors of the Ca** pathway in cardiomyocytes, have been linked
to myocardial cell death, cardiomyopathy and HF (95,96).
Therefore, GRIN2D overexpression caused Ca** overload,
leading to excessive activation of CALM1 and CaMKIId, and
eventually deteriorating HF (92). By targeting GRIN2D and
thus alleviating the GRIN2D-mediated Ca** signaling pathway
activity (92), miR-129-3p can downregulate Ca** overload to
prevent pirarubicin-induced cardiomyocyte death and HF (92).

In addition, a study reported that the clearly increased
serum levels of IncRNA nuclear paraspeckle assembly
transcript 1 (NEAT1) in patients with HF were negatively
correlated with miR-129-5p levels (97). Further research
showed that the improvement in H,O,-induced apoptosis
mediated by a IncRNA NEAT1 mimic in H2C9 immortalized
cardiomyocytes could be strongly attenuated by a miR-129-5p
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mimic, which indicated that the interaction between IncRNA
NEAT1 and miR-129-5p in myocardiocytes may have implica-
tions in HF (97). In conclusion, the miR-129 family, including
miR-129-5p and miR-129-3p, modulates the progression of HF
through various mechanisms, and current evidence suggests it
has a favorable effect on HF.

Epilepsy. Epilepsy is a neurodegenerative disease that
affects >50 million individuals worldwide (98); its long-term
predisposition to seizures is caused by the hyperexcitability
and hypersynchrony of brain neurons (99,100). To date,
there is a lack of effective therapeutic targets or specific
biomarkers for epileptogenesis (101,102). Mitogen-activated
protein kinases (MAPKSs) are serine-threonine kinases that
regulate various cellular activities, including proliferation,
differentiation, survival and death, through intracellular
signaling (103). Therefore, MAPK pathway abnormality is
closely correlated with multiple types of cancer and neuro-
degenerative diseases, including Parkinson's disease, AD
and epilepsy. At present, MAPK is considered an important
regulator of synaptic excitability, whose overactivation
gives rise to epileptic seizures (104). c-Fos is considered
a molecular sensor for MAPK signaling duration (105).
Inhibiting c-Fos can block MAPK signaling transduction.
A previous study reported that miR-129-5p could negatively
target c-Fos (105), suggesting that miR-129-5p may repress
epilepsy seizures (103). Therefore, miR-129-5p targets the
sensor c-Fos to inhibit MAPK signaling and then apoptosis,
and promotes the proliferation of hippocampal neurons,
thereby suppressing the occurrence and development of
epilepsy (105). However, the protective role of miR-129-5p
is controversial due to its synaptic downscaling function.
Synaptic downscaling is a homeostatic mechanism that
decreases the firing rates of neurons during chronically
elevated network activity (106,107). Although synaptic down-
scaling is crucial in epilepsy, the related pathways are poorly
understood (106,107). Following a small RNA profiling of
a synaptic downscaling model of picrotoxin-induced hippo-
campal neurons, miR-129-5p was found to be increased in
response to picrotoxin (106,107). miR-129-5p inhibition led to
the inhibition of synaptic downscaling in vitro and decreased
epileptic seizure severity in vivo, indicating the potential
malignant influence of miR-129-5p on epilepsy (106,107).

By contrast, a different study reported the opposite
conclusion, supporting the beneficial function of miR-129-5p.
The study found that a high concentration of miR-129-5p
significantly enhanced the expression of pro-inflammatory
factors such as IL-6, cyclooxygenase-2 and TNF-a in epilepsy
cell models, which increased the frequency of epileptic
seizures (108). The explanation of these two opposite conclu-
sions may be explained by the fact that miR-129-5p plays
different roles in each stage of epilepsy development; there-
fore, its underlying mechanism requires further study.

Diabetes. Although diabetes has various symptoms, different
subtypes of diabetes share the same pathophysiological abnor-
mality, thatis,damage to the islets (109). The timely detection of
islet destruction may benefit the protection of islet 5 cell func-
tion (16). Exosomes, as newly discovered essential conveyers
of cellular information, have attracted considerable attention

as disease biomarkers in recent years (110,111). Exosomes are
extracellular small membrane vesicles (30-100 nm) that contain
proteins and nucleic acids, including miRNA (111); they can
be secreted by various types of cells into the blood circulation
and then seized into recipient cells (110), which renders them
efficient intercellular information transmitters. Information in
these vesicles varies based on the status of the cells (110). As
a consequence, the detection of changes in functional biomol-
ecules in exosomes may reveal cell characteristics. miRNA
profiles of exosomes derived from streptozotocin- or mixed
cytokine [TNF-a, IL-1B and interferon (IFN-y)]-induced
injured islets demonstrated that six miRNAs, including
miR-129-5p, were differentially expressed at the intersection
between two injured conditions (112). Although debates on the
mechanisms of metformin in different tissues continue to this
day (16), metformin has become a commonly used drug in the
treatment of type 2 diabetes since French scientist Jean Sterne
first produced it in 1957 (113). One previous study reported
that 3 months of metformin treatment for type 2 diabetes
significantly attenuated miR-129-3p expression, which may be
a result of improved islet function (16). This finding showed
that the differential expression of miR-129-5p and five other
miRNAs in islet-derived exosomes specifically indicated islet
P cell injury, regardless of the cause of injury.

Continuous accumulation of neutrophils and macro-
phages is commonly detected in the wound sites of diabetic
patients (114), which can delay wound healing and complica-
tions, such as foot ulcers (114,115). Previous studies have also
suggested that the caspase family is the main contributor of
both spontaneous and Fas receptor-mediated apoptosis in
neutrophils (116,117). Fas ligand and its death receptors are
the activators of caspase 8 (116,118), which mainly contribute
to the activation of death-inducing signaling complex by acti-
vating its downstream caspases and can stimulate neutrophil
apoptosis (116). C-C chemokine receptor type 2 (CCR2) is
a chemokine receptor commonly expressed in lymphocytes
and monocytes, but not in neutrophils (88). However, specific
inflammatory stimuli in wounds have been confirmed to
elevate the expression of CCR2 in neutrophils (119,120).
In diabetic wound sites, CCR2 expression was increased,
which promoted wound recruitment in neutrophils (120);
accordingly, CCR2 expression may play a key role in
chronic inflammation in diabetic patients (121). miR-129-3p
was previously found to directly regulate the translation of
caspase 6, the downstream activator of caspase 8, and CCR2
to decrease apoptosis and neutrophil recruitment and conse-
quently accelerate diabetic wound healing (121). Similar to
miR-129-3p, miR-129-5p plays a beneficial role in diabetic
wound healing (122).

Matrix metalloproteinases (MMPs) are widely known to
inhibit tissue remodeling by degrading extracellular matrix
(ECM) components (123). A high level of MMP-9 expres-
sion causes excessive degradation of ECM components,
contributing to the imbalance between ECM synthesis and
degradation (120). The high level of MMP-9 is therefore
usually indicative of poor wound healing, as well as the
existence of diabetic wounds (120). MMP expression and
activity can be tightly regulated by methylation at specific
DNA loci in the MMP-9 promoter region (124). Thus, speci-
ficity protein-1 (Spl), a transcription factor found to bind to
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the MMP-9 promoter to initiate MMP-9 gene expression, can
be an important regulatory target for MMP-9 (122). Through
dual-luciferase reporter assays, miR-129-5p was confirmed to
directly regulate Spl protein levels and significantly decrease
the expression of MMP-9. miR-129-5p thus modulates the
SP1/MMP-9 axis and removes an important obstacle in
diabetic wound healing (122).

IVDD. IVDD is a cause of lower back pain, which affects
>50% of the world's population during their lifetime, and is
a severe social burden (125-127). Accumulating evidence
shows that the apoptosis and proliferation of fibrocartilaginous
tissues on the intervertebral disc are implicated in the progres-
sion of IVDD (128). NPCs, a type of chondroid cells that exist
in the intervertebral disc, lead the deposition of fibrocartilage
lamellas and fibers in a centripetal direction, thus converting
notochordal nucleus pulposus into fibrocartilaginous nucleus
pulposus (129). It has been demonstrated that one of the main
characteristics of IVDD is the decrease in the number of NPCs,
which leads to severe disc deformation and dysregulation of its
function (130).

Bone morphogenetic protein 2 (BMP2), first reported as the
anabolic growth factor regulating proteoglycan release (131),
was expressed at low levels in NPCs collected from patients
with IVDD, and its low expression was accompanied by
increased miR-129-5p expression (13). Previous reports
confirmed that BMP2 was involved in the mediation of apop-
tosis, with its role being dependent on cellular context and cell
type (13). Yang and Sun (13) validated BMP2 as a promoter
of apoptosis and an inhibitor of NPC proliferation in IVDD,
although it was also found to stimulate proteoglycan secretion
to prevent the degradation of the ECM, which may help delay
IVDD progression (13). Fas-associated death domain (FADD),
an important agent for the triggering of cell death without
the enrollment of death receptors, was also demonstrated to
facilitate NPC apoptosis (132,133). Both BMP2 and FADD
were confirmed to be targeted by miR-129-5p, and the over-
expression of miR-129-5p was found to significantly facilitate
the proliferation and suppress the apoptosis of NPCs (13).
Furthermore, high miR-129-5p expression alleviated disc
inflammation by promoting the apoptosis of macrophages
and CD8* cells. Collectively, miR-129-5p exerts effects not
only on NPCs, but also on inflammatory cells, although
its targets in the latter have not yet been verified (13,134).
Contrary to the aforementioned results, one study reported
that miR-129-5p increased NPC apoptosis by suppressing
autophagy (135). Specifically, autophagy progresses through
the Beclin-1-dependent pathway; therefore, Beclin-1 is essen-
tial for autophagy (136). Beclin-1 may promote autophagy,
while autophagy can decrease cathepsin B release into the
cytoplasm (135). In light of the positive correlation between
the cytoplasmic level of cathepsin B and apoptosis, the
Beclin-1-targeting capability of miR-129-5p increased cyto-
plasmic release of cathepsin B from lysosomes and resulted
in the inhibition of autophagy and promotion of apoptosis.
This death-inducing effect to NPCs rendered miR-129-5p
harmful to the human intervertebral disc in that study (135).
In conclusion, miR-129-5p appears to modulate apoptosis in
NPCs by targeting different factors, but its implications in
IVDD require further study.

AD. As a significant neurodegenerative disease, AD is
characterized by the accumulation of f-amyloid plaques
and the dysfunction of t-protein in the brain (137). In a
longitudinal cohort study of aging (based on 700 autopsy
samples), miR-129-5p was shown to be downregulated in
the human dorsolateral prefrontal cortex of patients with
AD (14), and its expression was found to be associated with
the two characteristics of AD, as shown by miRNA expres-
sion profiling (14,138). In the study, miR-129-5p appeared to
be involved in a variety of pathways, the most significant of
which was transcription regulation (14). Notably, miR-129-5p
coordinated with another miRNA, miR-132, to target E1A
binding protein P300 (EP300), the encoding gene of the
histone acetyltransferase protein E1 A-associated cellular p300
transcriptional co-activator, and each miRNA was responsible
for part of the variation in EP300 expression (14). A reasonable
speculation is that miR-129-5p influences histone acetylation
and chromatin remodeling through the regulation of EP300
to alter the expression of 3-amyloid and t-protein in patients
with AD.

The SOX gene family contains transcription factor-coding
genes that possess highly conserved HMG-box sequences (138).
A principal function of SOX transcription factors is to regulate
neurogenesis in the embryonic and adult nervous system (139).
It has been reported that the expression of SOXB transcription
factors may be involved in the early disability of hippocampal
neurogenesis in 5XxFAD mouse models of AD (139). A previous
study demonstrated that miR-129-5p overexpression decreased
the expression of its target SOX6 (140), leading to the decrease
of apoptosis, the suppression of inflammatory reactions and
the increased proliferation of rat hippocampal neurons (140).

Other non-cancerous diseases. Certain studies have reported
the role of the miR-129 family in other diseases. For example,
miR-129 was found to target beclin-1 in atherosclerosis (141),
HMGBI in spinal cord injury (142), spleen-associated tyrosine
kinase in ischemic stroke (143), fibroblast growth factor 23
in chronic kidney disease (144) and NF-xB in hepatic
fibrosis (145).

4. Conclusion

Increasing evidence indicates the important functions of the
miR-129 family in various diseases, highlighting its potential
as a therapeutic candidate or prognostic biomarker. In the
present review, it was concluded that the dysregulated expres-
sion of miR-129 is a common feature in several types of cancer.
In addition, it was shown that miR-129 plays different roles in
various types of cancer, depending on the disease type. In most
types, miR-129 regulates genes involved in a variety of biolog-
ical processes, including cell proliferation, migration, invasion,
cell apoptosis induction and drug resistance. In conclusion,
miR-129 family can be potentially used as a drug-tool in the
treatment for some of the aforementioned diseases with little if
any harm to the normal tissue. With regards to non-cancerous
diseases, previous research has supported the roles of miR-129
in the treatment of HF and AD, and confirmed that miR-129
has the potential to be a biomarker in diabetes and epilepsy.
It is worth noting that the suppressive effect of miR-129 on
apoptosis has been consistently reported by multiple research
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