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Ovarian cancer is one of the common tumors of the female reproductive organs. It has a high mortality rate, is highly
heterogeneous, and early detection and primary prevention are very complex. Autophagy is a cellular process in which cytoplasmic
substrates are targeted for degradation in lysosomes through membrane structures called autophagosomes. The periodic
elimination of damaged, aged, and redundant cellular molecules or organelles through the sequential translation between amino
acids and proteins by two biological processes, protein synthesis, and autophagic protein degradation, helps maintain cellular
homeostasis. A growing number of studies have found that autophagy plays a key regulatory role in ovarian cancer. Interestingly,
microRNAs regulate gene expression at the posttranscriptional level and thus can regulate the development and progression of
ovarian cancer through the regulation of autophagy in ovarian cancer. Certain miRNAs have recently emerged as important
regulators of autophagy-related gene expression in cancer cells. Moreover, miRNA analysis studies have now identified a sea of
aberrantly expressed miRNAs in ovarian cancer tissues that can affect autophagy in ovarian cancer cells. In addition, miRNAs in
plasma and stromal cells in tumor patients can affect the expression of autophagy-related genes and can be used as biomarkers of
ovarian cancer progression. This review focuses on the potential significance of miRNA-regulated autophagy in the diagnosis and
treatment of ovarian cancer.
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FACTS

● MiRNAs in ovarian cancer tissue can affect autophagy of ovarian
cancer cells.

● MiRNAs regulate gene expression at the posttranscriptional level.
● MiRNA can serve as a biomarker for the progression of ovarian

cancer.

OPEN QUESTIONS

● What mechanism causes abnormal miRNA expression?
● What are the mechanisms by which miRNAs influence ovarian

cancer progression?
● How miRNAs mediate cellular autophagy?

INTRODUCTION
Ovarian cancer (OC) is one of the common tumors of female
reproductive organs, second only to cervical cancer and uterine
corpus cancer in terms of incidence. However, deaths due to
ovarian cancer are the first among all types of gynecologic tumors,
posing a serious threat to women’s lives. It has been reported that

310,000 new cases of ovarian cancer are expected to be
diagnosed each year and up to 200,000 patients die from it [1].
Due to the lack of early clinical manifestations of ovarian cancer,
most patients are already in advanced stages when diagnosed,
and radical surgery is difficult to perform, resulting in a high
mortality rate of ovarian cancer [2]. For many cancers, the increase
in survival rates is largely attributed to cutting-edge research and
advances in screening, surgery, and treatment methods. However,
ovarian cancer is characterized by significant tissue heterogeneity
with genomic features, suggesting that it is susceptible to
resistance to chemotherapy, leading to high rates of tumor
recurrence [3]. Despite some advances in the treatment of ovarian
cancer, the survival rate of ovarian cancer has not improved
substantially for decades, even in resource-rich countries such as
the United States and Canada. Therefore, there is an urgent need
for new methods and tools to improve the diagnosis, prognosis,
and treatment of ovarian cancer.
In the last decades, microRNAs (miRNAs) have been shown to

have therapeutic potential for a wide range of diseases [4].
miRNAs are a class of noncoding single-stranded RNAs encoded
by endogenous genes, about 22 nucleotides in size, that play a
role in almost all mammalian biological pathways, such as
apoptosis, proliferation, regulation of cell cycle, and metabolism
[5]. Each miRNA can have multiple target genes, while several
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miRNAs can also regulate the same gene, forming a complex
regulatory network. Typically, miRNAs regulate gene expression by
binding to the 3’-untranslated region (3’-UTR) of target mRNAs,
controlling gene expression by targeting the 3’-UTR [6], 5’-UTR [7],
and coding region [8] of specific mRNAs or by embedding in
specific genes through posttranscriptional inactivation of target
genes due to mRNA degradation or inhibition of translation [9].
miRNA expression may affect the extent of target regulation and
thus cellular homeostasis. Disturbances in the internal environ-
ment of an organism are usually accompanied by abnormal
synthesis or secretion of miRNAs in cells or blood. Therefore, many
miRNAs have become recognized indicators of certain diseases,
including Alzheimer’s disease [10], diabetes [11], viral infectious
diseases [12], and cancer [13]. Studies have confirmed that
aberrantly expressed miRNA are involved in the regulation of drug
resistance in ovarian cancer, and upregulation of some miRNA
expression can inhibit the development of drug-resistant cells in
ovarian cancer [14]; while other miRNA overexpression can
contribute to the development of drug-resistant cells in ovarian
cancer [15]. The cellular biogenesis of miRNA is a multistep
process in which most miRNA genes are transcribed by RNA
polymerase II (Pol II) to produce pri-miRNAs with long primary
transcripts. Pri-miRNAs are ~300–1000 bases in length with an
incomplete matching stem-loop hairpin structure in the middle
[16], and pri-miRNA is processed in the nucleus by a multiprotein
complex called the microprocessor, whose core components are
the RNase III enzyme DROSHA, the double-stranded RNA-binding
protein DGCR8 and related proteins [17]. The product of DROSHA
cleavage, a precursor miRNA of about 70 bases (pre-miRNA), is
transported to the cytoplasm via the Exportin-5/RanGTP complex
and is transported into the cytoplasm [18]. Next, miRNA double-
stranded bodies are produced by another RNase III enzyme, Dicer.
After double-strand unwinding by the unwinding enzyme activity
of Dicer, one strand will be degraded while the other strand, also
known as the guide strand (which becomes the mature form of
miRNA) is retained and eventually forms a functional RNA-induced
silencing complex (RISC) [19]. The miRNA-induced silencing
complex (miRISC) containing the catalytic component of Argo-
naute (Ago) proteins recognizes the complementary sequences
that do not exactly match in its target and leads to translation

inhibition or accelerated transcript degradation by uncapping and
deadenylation (Fig. 1).
Autophagy is an evolutionarily conserved intracellular cata-

bolic degradation process that is the main pathway by which
the body removes damaged, senescent, degraded, and non-
functional proteins and organelles [20], and plays a key role in
maintaining the balance between cell survival and death. It
restores cellular homeostasis by providing materials and energy
to synthesize new cellular components, thus allowing cells to
resist survival stresses (e.g., nutrient deficiencies and hypoxia)
[21]. There are three morphologically and mechanistically
distinct types of autophagy in cells: macroautophagy, micro-
autophagy, and chaperone-mediated autophagy [22], with
macroautophagy usually referred to as autophagy [23]. Among
the three types of autophagy, macroautophagy has the most
typical and prevalent mechanism and is involved in the
pathogenesis of the majority of autophagic dysfunctional
diseases. In this paper, we focus our discussion on macro-
autophagy (hereafter referred to as autophagy), the main
feature that distinguishes autophagy from the other two forms
of autophagy is the formation of double-membrane structures
called autophagosomes, which deliver damaged organelles and
protein aggregates to lysosomes. Studies have shown that
autophagy is closely associated with tumor development [24];
however, the role of autophagy in cancer is rather complex and
remains somewhat controversial. On the one hand, autophagy
may play a role in limiting the earliest stages of tumorigenesis;
on the other hand, there is growing evidence that in diagnosed
cancers, autophagy can participate in reprogramming the
cellular microenvironment and protect cancer cells from
different survival stresses (e.g., hypoxia, nutritional deficiency
or cancer therapy) [25], thus favoring tumor progression. Cancer
cells experience higher metabolic demands and stresses than
normal cells because of their rapid proliferation and altered
glycolytic metabolism and therefore may be more dependent
on autophagy for survival [26]. Because of this, autophagy
inhibition may improve the outcome of patients with advanced
cancer. Furthermore, there is growing evidence that autophagy-
mediated cell survival plays a key role in the etiology and
progression of ovarian cancer (Fig. 2).

Fig. 1 The miRNA biogenesis pathway. MiRNA genes are transcribed by RNA Pol II to produce pri-miRNAs. The pre-miRNA, is transported to
the cytoplasm via the Exportin-5/RanGTP complex and is transported into the cytoplasm. Next, miRNA double-stranded bodies are produced
by Dicer. After double-strand unwinding by the unwinding enzyme activity of Dicer, one strand will be degraded while the other strand is
retained and eventually forms RISC. The miRISC containing the catalytic component of Argonaute proteins recognizes the complementary
sequences that do not exactly match in its target and leads to translation inhibition or accelerated transcript degradation by uncapping and
deadenylation.
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A growing number of studies published in the past few years
have highlighted the importance of miRNAs in the regulation of
autophagy. In this review article, we will briefly summarize miRNA
and autophagic pathways, and analyze the link and correlation
between autophagy, miRNA, and ovarian cancer.

MOLECULAR MECHANISMS OF AUTOPHAGY
The autophagic process involves a series of phases and sequential
membrane remodeling events, including induction, vesicle
nucleation, vesicle elongation, autophagosome maturation and
lysosome fusion, degradation, recycling and autophagic lysosome
reformation. Studies have shown that miRNAs are key regulators
of the autophagic process and are involved in several steps of
autophagy, and also that autophagy is critical in the production
and maintenance of miRNAs.

Induction
In mammalian cells, autophagy induction is initiated by activation
of the ULK complex, which consists of ULK1 or ULK2, ATG13,
FIP200, and ATG101 [27], which acts directly on downstream
mTORC1. mTORC1 is a key negative autophagy regulatory
complex that phosphorylates ULK1 under nutrient-rich conditions
and mammalian ATG13 (mATG13), leading to inhibition of the
activity of the complex and blocking autophagy activation.
However, under starvation conditions, inactive mTOR allows
phosphorylation of ULK1 itself, mATG13, and FIP200, leading to
further recruitment of the ATG complex to initiate autophagy [28].
As a major upstream regulator of the autophagic pathway, the
mTOR-containing protein complexes and other proteins in this
pathway are direct or indirect targets of many miRNAs.

Vesicle nucleation
The second step in autophagy is vesicle nucleation. This is the
process of recruiting proteins and lipids to build the autophago-
somal membrane. This process is initiated by the activation of the
PI3K complex, which consists of the PI3K proteins VPS34 and
VPS30, ATG14/Barkor, VPS15, and ATG6/BECN1 (Beclin1) proteins
[29]. the lipid kinase activity of the PI3K complex is derived from
the accumulation of phosphatidylinositol 3-phosphate (PI3P)

molecules in the membrane, including the PI3P molecules that
act as binding sites for autophagy-associated proteins (e.g., WIPI1-
4 and DFCP1), mark sites for autophagosome formation and lead
to the production of omegasome/cradle.

Vesicle elongation
Two unique ubiquitin-like coupling systems are involved in vesicle
amplification. In the first system, the ubiquitin-like protein ATG12
is covalently coupled to ATG5 in the presence of the E1-like
enzyme ATG7 and the E2-like enzyme ATG10. The ATG12-ATG5
coupling then localizes to the autophagosomal membrane and
forms a large multimeric complex with ATG16L1, which promotes
the amplification of the autophagosomal membrane [30]. The
second system involves the coupling of LC3 to phosphatidyletha-
nolamine (PE), which should be cleaved by ATG4 cysteine
protease at its carboxyl terminus to produce a cytoplasm-free
LC3-I form capable of lipid binding [31]. The E1-like enzyme ATG7,
E2-like enzyme ATG3, and E3-like enzyme ATG12-ATG5-ATG16L1
are required for PE coupling to free LC3-I protein coupling
required to produce the autophagic membrane-bound LC3-II
form. In this way, LC3 proteins ensure the elongation and
expansion of the autophagic membrane and its closure.

Autophagosome maturation and lysosome fusion
The final key step in the autophagic process is the fusion of
autophagosomes with lysosomes to form autolysosomes [32].
Autophagosomes undergo several independent fusions to form
amphiphiles with late endosomes and subsequently form auto-
lysosomes with lysosomes [33]. This process requires membrane
fusion mechanisms, including SNARE complexes (e.g., VAMP8,
STX17), RAB proteins (e.g., RAB5 and RAB7), and integral lysosomal
proteins (e.g., LAMP2). BIF-1 and UVRAG proteins play a role in
regulating membrane curvature formation and endosome trans-
port, thereby facilitating autophagosome formation through their
interaction with Beclin1 proteins. maturation of autolysosomes
through their interaction with Beclin1 proteins. After fusion,
autolysosomes carry redundant or dysfunctional organelles and
misfolded proteins that are degraded by lysosomal acid hydro-
lases (including histones) for recycling and metabolism in the
substrate.

Fig. 2 The dual role of autophagy in cancer. On the one hand, autophagy may play a role in limiting the earliest stages of tumorigenesis; on
the other hand, autophagy can participate in reprogramming the cellular microenvironment and protect cancer cells from different survival
stresses, thus favoring tumor progression.
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Degradation, recycling, and autophagic lysosome reformation
Substance degradation and catabolic product efflux. The degrada-
tion step of autophagy is accomplished through acid hydrolases in
vesicles/lysosomes, and these extensive hydrolases allow efficient
breakdown and recycling of cellular components delivered
through autophagy, with the resulting “building blocks” (e.g.,
amino acids) being released back into the cytoplasm by
permeases for reuse by the cell in anabolic or catabolic pathways
[34]. During the process of autophagy, a single autophagosome
can fuse with multiple lysosomes, and as autophagy proceeds,
lysosomes may become depleted. Therefore, maintaining the
dynamic balance of lysosomes is crucial [35]. Research has
revealed that the late stages of autophagy involve a process
known as autophagic lysosome reformation (ALR), which entails
the regeneration of functional lysosomes from autolysosomes [36].
During the ALR process, buds form on the autolysosome
membrane, which then extrude along microtubules to generate
tubules known as “reformation tubules.” The severance of these
reformation tubules yields membrane fragments (“proto-lyso-
somes”), which mature into functional lysosomes, subsequently re-
fusing with autophagosomes to participate in autophagy, thus
maintaining the dynamic equilibrium of free lysosomes within the
cell [37].

INTERRELATION BETWEEN MIRNAS AND AUTOPHAGY
It has been shown that miRNAs are new players in the regulation
of autophagy and are involved in various steps of autophagy,
ranging from the upstream signaling pathway to the later stages
of autolysosomal degradation. On the other hand, autophagy is
also involved in the regulation of miRNA expression and home-
ostasis in vivo [38, 39].

Regulation of autophagy by miRNAs
Of ~3000 miRNAs reported to date, hundreds are directly involved
in autophagy regulation. Genes associated with proteins that act
at different stages of the autophagic pathway have been shown to
have targets for a large number of miRNAs (Fig. 3). These miRNAs
can regulate autophagy by modulating various stages of the
autophagic process.

The regulation of induction phase by miRNAs. Many miRNAs have
been shown to regulate the induction phase of autophagy. Genes for
mTOR, a central regulator of autophagy, were identified as targets of
several miRNAs associated with autophagy, including miRNA-145
[40], miRNA-375 [41], miRNA-125a [42], miRNA-21-3p [43], miRNA-
3473b [44]. other components of the mTOR complex, such as mLST8,
DEPTOR, Tti/Tel2, RAPTOR, RICTOR, PRAS40, and mSIN1 are regulated
by different groups of miRNAs. mTOR regulators RHEB, TSC1/2, and
RAG have also been identified as targets of miRNAs in the context of
autophagy. Other related signaling pathways are no exception.
miRNAs regulate the abundance and activity of AKT pathway
components, including IGFR1, IP3K2, PIK3CD, PTEN, and AKT. cellular
energy sensors LKB1 and AMPK and calcium sensor CaMKKb are also
under miRNA control.
For example, Yan et al, explored the effect of miRNA-145 on acute

myocardial infarction (AMI) and its potential mechanisms. The results
from rat experiments showed that miRNA-145 inhibited myocardial
infarction-induced apoptosis through autophagy associated with the
AKT3/mTOR signaling pathway in vivo and in vitro [40]. Chen et al,
explored the potential function and potential mechanisms of miRNA-
125a in thyroiditis. It was found that miRNA-125a inhibited
autophagy via PI3K/AKT/mTOR signaling pathway in a model of
thyroiditis [42].
Lizhu Ma et al. used bovine ovarian granulosa cells (BGCs) as a

model to elucidate the autophagy and role of miRNA-21-3p in
bovine ovaries. It was shown that miRNA-21-3p targets FGF2 and
inhibits autophagy in BGCs by suppressing AKT/mTOR signaling [43].
Moreover, miRNA-3473b may serve as a potential target to regulate
the role of autophagy in the pathogenesis of inflammation by
targeting TREM2/ULK1 expression to regulate the secretion of pro-
inflammatory mediators [44].

The regulation of vesicle nucleation phase by miRNAs. Vesicle
nucleation is a critical step in assembling the autophagosomal
membrane by recruiting proteins and lipids. In mammalian cells,
this process is primarily initiated by the activation of the PI3K/
Beclin1 complex, which includes core members hVPS34, Beclin1,
and p150. Many other associated proteins of this complex also act
as regulatory factors, including BAX-1, ATG14L, UVRAG, Ambra1,
and Rubicon.

Fig. 3 Multiple signaling pathways are implicated in the regulation of autophagy by miRNA. Blue represents miRNAs involved in
autophagy regulation, and yellow indicates the targets of miRNA.
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miRNA-205-5p targets E2F1, thereby inhibiting SKP2-mediated
Beclin1 ubiquitination to promote macrophage autophagy and
suppressing silicosis in mice with pulmonary fibrosis [45]. miRNA-
371a-5p enhances the response of oxaliplatin to hepatic
malignancies by targeting the inhibition of Beclin1-dependent
autophagy [46]. miRNA-375 targets ATG14 to inhibit autophagy
and sensitize hepatocellular carcinoma cells to sorafenib [41].

The regulation of the vesicle elongation phase by miRNAs. During
the process of Vesicle Elongation, components of autophagy-
related ubiquitination have also been shown to be regulated by
miRNAs. miRNA-128a was found to inhibit chondrocyte autophagy
and exacerbate knee osteoarthritis by disrupting ATG12 [47].
miRNA-30a-5p inhibits lung squamous cell carcinoma through
ATG5-mediated autophagy [48]. miRNA-30a-5p inhibits cellular
autophagy and promotes vein graft restenosis by targeting ATG5
[49]. miRNA-142-3p inhibits Mycobacterium tuberculosis-induced
autophagic activation by targeting ATG16L1 and ATG4c [50]. Dan
Hong injection inhibits autophagy through the miRNA–132-3p/
ATG12 signaling axis and alleviates cerebral ischemia–reperfusion
injury [51].
Junfeng Zhang et al. observed that overexpression of miRNA-

154 inhibited bladder cancer cell growth and suppressed ATG7
expression in vivo, suggesting that miRNA-154 may function as a
tumor suppressor in bladder cancer and that miRNA-154 may be
a potential therapeutic target for bladder cancer patients [52].
Shen et al. found that miRNA-221/222 decreased ATG10 mRNA

and protein levels, and silencing ATG10 significantly eliminated
the effects of miRNA-221/222 on apoptosis and autophagy, thus
suggesting that miRNA-221/222 can promote migration and
invasion and inhibit autophagy and apoptosis by targeting
ATG10 in thyroid tumor cells [53].
miRNAs have been reported to regulate the maturation steps

of autophagy. Zhang et al. revealed the role of miRNA-101 in
regulating autophagy through multiple targets, including
RAB5A [54].

The regulation of autophagosome maturation and lysosome fusion
phase by miRNAs. Many miRNAs also control the mechanism of
autophagosome-lysosome fusion. RAB1B1 was described as
another miRNA target. In hepatocellular carcinoma cells, miRNA-
541 suppressed the malignant phenotype and autophagy of
hepatocellular carcinoma cells by inhibiting ATG2A or RAB1B [55].
Similarly, RAB27A levels depend on miRNA-4535 [56].

The regulation of autophagic lysosome reformation phase
by miRNAs. It has been reported that during prolonged
starvation, the activation of mTORC1 promotes autophagic flux
by inducing the reformation of autolysosomes, thus maintaining
lysosomal balance [57]. Various miRNAs such as miRNA-302-367,
miRNA-365, miRNA-4645-5p, have been shown to regulate
autophagy by modulating mTORC1 activity [58–60]. The number
of miRNAs that regulate autophagy has been found to be
increasing.

Regulation of miRNAs by autophagy
To date, there have been many studies on miRNA regulation of
autophagy. However, recent studies have demonstrated evidence
of mutual control between the autophagy pathway and the
miRNA machinery. Indeed, in some other cases, degradation
mediated through autophagy and autophagy can target miRNA
and miRNA machinery components thus playing an important role
in the control of cancer progression [61–63].
Autophagy is thought to play an important role in the

maintenance of intracellular homeostasis. Gibbings et al. reported
that NDP52-mediated autophagy is able to selectively degrade the
miRNA processing enzyme DICER and the major miRNA effector
AGO. DICER and AGO 2 levels are reduced by serum starvation or
by activation of autophagy with an mTOR inhibitor (rapamycin
(RAP)) [64]. Interestingly, miRNAs can also be directly degraded
during autophagy; for example, Lan et al. demonstrated that
mature miRNA-224 was selectively degraded by the
autophagosome-lysosome system and that downregulation of

Fig. 4 Roles of autophagy-related miRNAs in ovarian cancer. miRNAs produce therapeutic effects on ovarian cancer and reversal of
antitumor drug cisplatin resistance through regulation of autophagy. The modulation of ovarian cancer cell sensitivity to radiotherapy
through miRNA-mediated regulation of autophagy. miRNAs’ expression patterns are closely related to the clinicopathological characteristics
of tumors. miRNAs have the potential to become new targets for tumor diagnosis and treatment.
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autophagy was negatively correlated with miRNA-224 expression
in hepatitis B virus (HBV) associated HCC specimens [65]. In
another study, Peng et al. found that autophagy promoted
through CDKN1B was able to selectively degrade miRNA-6981 by
using the autophagy inhibitor bafilomycin (BAF) [66].

ROLES OF AUTOPHAGY-RELATED MIRNAS IN
OVARIAN CANCER
With the increasing understanding of the regulatory role of
miRNAs in autophagy and tumor development, the potential of
miRNAs in tumor therapy and diagnosis has received increasing
attention (Fig. 4). Currently, there exists a large body of literature
reporting on the important role of miRNAs in regulating ovarian
cancer autophagy [67], as shown in Table 1. which produces
therapeutic effects on ovarian cancer and reversal of antitumor
drug cisplatin resistance through regulation of autophagy. For
example, Li et al. demonstrated that miRNA-20a-5p inhibited
autophagy and cisplatin resistance in ovarian cancer cells through
DNMT3b-mediated methylation of RBP1. It was shown that
miRNA-20a-5p plays an important role in the regulation of
autophagy and cisplatin resistance in ovarian cancer cells [68].
On the other hand, there are also studies reporting the
modulation of ovarian cancer cell sensitivity to radiotherapy
through miRNA-mediated regulation of autophagy [69]. miRNAs’
expression patterns are closely related to the clinicopathological
characteristics of tumors. A study investigated 31 ovarian cancer
patients who underwent miRNA sequencing and validated the
sequencing results in multiple independent data sets. The results
showed that the selected miRNAs had high diagnostic accuracy
(AUC= 0.99) in patients with stage I high-grade plasmacytotic
ovarian cancer [70]. Thus, miRNAs have the potential to become
new targets for tumor diagnosis and treatment.

Cellular context-dependent functions of miRNAs in
ovarian cancer
miRNAs, as a group of endogenous small single-stranded
noncoding RNA molecules consisting of ~22 nucleotides, regulate
gene expression at the posttranscriptional level. miRNA expression
is affected by amplification, deletion or mutation. These processes
are controlled in tumor cells by tumor-inducing and tumor
suppressor genes, which regulate different mechanisms of cancer
development and progression, including tumor cell proliferation,
cell growth, apoptosis, DNA repair, invasion, angiogenesis,
metastasis, drug resistance, metabolic regulation, and modulation
of immune responses in tumor cells [71, 72].
miRNAs may show different expression patterns due to specific

tissues or different differentiation states, and a single miRNA can
regulate multiple targets, so some miRNAs may show opposite
roles in different environments. For instance, in ovarian cancer,
KRAS demonstrates oncogenic properties, whereas miRNA-let-7d
exerts anticancer effects by attenuating KRAS through
HMGA2 suppression [73]. However, another study comparing
epithelial ovarian cancer cell lines and immortalized ovarian
surface epithelial cell lines reported a significant reduction in
miRNA-let-7d expression in cancer cells, suggesting potential
cellular or environment-dependent variability in miRNA-let-7d
expression within the tumor entity [74].
The expression of miRNAs is highly specific to cell types and

developmental stages. Consequently, the occurrence of aberrant
miRNA expression is prevalent in ovarian cancer and is associated
with disease progression. Numerous miRNAs have been identified
to exhibit differential expression in ovarian cancer. These
variations in miRNA abundance are typically associated with
changes in cell migration, invasion, and metastasis. Compared to
normal ovarian tissue, miRNA-144-3p [75], miRNA-4478 [69], and
miRNA-506-3p [76] are upregulated in ovarian cancer tumors,
whereas miRNA-8485 [77], miRNA-3127-5p [78], and miRNA-219-

5p [79] are downregulated. However, there are also conflicting
research findings. For instance, miRNA-23a, miRNA-552, miRNA-
509-3p, and miRNA-19a show differential expression in ovarian
cancer samples, with both upregulation and downregulation
observed [80–83]. These findings suggest that miRNAs may exhibit
functional variability in different cellular environments, necessitat-
ing further investigation into their underlying mechanisms.

Dual roles of autophagy in cancer
Autophagy is essentially a protective pathway for eukaryotic cells
to remove damaged organelles and misfolded proteins via
lysosomes. Autophagy plays a dual role at different stages during
cancer development and progression.
On the one hand, autophagy plays a suppressive role in the

early stages of tumorigenesis. For example, Beclin1 is a protein
required for autophagy induction, and its characterization has
shown that autophagy is closely associated with human cancers.
Beclin1, a haploinsufficient tumor suppressor gene, has been
found to be deficient in breast, ovarian, and prostate cancers
[84–87]. Higher spontaneous frequencies of hepatocellular carci-
noma, lung cancer, and lymphoma have also been reported in
Beclin1+/− mice [84, 88]. Another key autophagy gene, Bif-1, also
has a tumor suppressor role. bif-1 is able to interact with and
positively regulate autophagy through UV radiation resistance-
related genes, and Beclin1 depletion inhibits autophagy formation
and leads to tumor cell proliferation [89, 90]. p62 protein, also
known as SQSTM1, has as one of its main functions the
recruitment of proteins into aggregates for autophagic degrada-
tion. p62 overexpression activates DNA damage response and
endoplasmic reticulum stress to enhance tumor growth, which is
protective of cell survival. p62 accumulation results from
autophagy inhibition [91], whereas p62 lowering contributes to
certain diseases by disrupting autophagic degradation. Ai et al., in
their study of the effect of miRNA-107 on autophagy, proliferation,
and migration of breast cancer cells, found that in the case of
MDA-induced proliferation and migration of breast cancer cells,
p62 was not detected. Ai et al. in studying the effects of miRNA-
107 on autophagy, proliferation, and migration of breast cancer
cells, found that overexpression of miRNA-107 in MDA-MB-231
and MDA-MB-453 cells resulted in upregulation of p62 and
downregulation of Beclin1, leading to a decrease in the ability of
cells to proliferate and migrate [92].
On the other hand, when the tumor progresses to an advanced

stage, autophagy protects the viability of tumor cells under
stressful conditions (e.g., hypoxia, nutrient scarcity, local pH
alteration, and chemotherapy), which provides favorable condi-
tions for the growth and proliferation of tumor cells [93]. For
example, RAS activation can lead to the upregulation of
autophagy, which in turn plays an enhanced role in the growth
and survival of tumor cells [94].

Involvement of miRNAs and autophagy in cancer biology
Many miRNAs with regulatory effects on autophagy are involved in
many biological functions of cancer, including tumor cell prolifera-
tion, metabolism, migration, metastasis, tumor tissue angiogenesis,
and treatment of cancer. Moreover, some autophagy-associated
miRNAs have been considered as cancer biomarkers or studied as
anticancer targets, as shown in Table 2. Therefore, this section
summarizes the impact of some autophagy-associated miRNAs on
tumor biology and their applications in cancer therapy.

Cell survival and proliferation. Many miRNAs have been shown to
regulate autophagy, thereby exerting crucial effects on cancer cell
growth and proliferation. For example, it was found that
overexpression of miRNA-99b increased the expression of
autophagy-associated biomarkers, and miRNA-99b induced autop-
hagy and thus inhibited the growth and proliferation of prostate
cancer cells by targeting mTOR and AR signaling [95]. miRNA-4478
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was maintained at low levels in ovarian cancer, and in ovarian
cancer cells exposed to radiation, miRNA-4478 expression
decreases over time, which in turn causes poor prognosis in
ovarian cancer [69], but when miRNA-4478 is upregulated, it can
delay the proliferation of ovarian cancer cells and sensitize them
to radiation. Yihan Wang et al. also found that overexpression of
miRNA-8485 inhibited the proliferation and promoted apoptosis in
SKOV3 cells by CCK-8 assay and flow cytometry analysis [77].
Aerobic glycolysis is significantly upregulated in pancreatic cancer
cells. miRNA-7 further affects the growth and proliferation of
pancreatic cancer cells by directly targeting autophagy-related
genes, including LKB1, ULK2, ATG 4A, and ATG7 and thereby
regulating the autophagy-induced and vesicle elongation phases
in order to reduce the intracellular supply of glucose to aerobic
glycolysis [96].

Cell metabolism. Cancer is usually accompanied by dramatic
changes in tumor cell metabolism, and autophagy is one of the
cellular functions related to metabolism. Therefore, autophagy
production is often correlated with tumor cell metabolism.
Dysregulation of autophagy also affects the imbalance of
metabolic homeostasis and leads to a variety of diseases.
miRNA-let-7 can then regulate autophagy by mediating the
metabolic changes of glycolysis, which in turn regulates cancer
progression [97]. miRNA-7 can inhibit autophagy through the
upregulation of LKB1-AMPK-mTOR signaling, and directly target
autophagy induction and vesicle elongation stages to reduce
intracellular glucose supply for glycolytic metabolism and impair
autophagy-derived glucose pools to inhibit pancreatic cancer
progression [96]. Da-Hye Lee et al. found that inhibition of miRNA-
214-3p expression ameliorated fatty liver disease by increasing
autophagic activity through increased ULK1 expression. Therefore,
it is believed that miRNA-214-3p is a potential therapeutic target
for nonalcoholic steatosis [98]. A large number of studies have
shown that miRNAs can participate in the regulation of autophagy
in tumor cells through the regulation of cellular metabolism,
which in turn affects cancer progression. However, the specific
regulatory network is intricate and complex and needs to be
analyzed by more in-depth studies.

Angiogenesis. Autophagy is important for endothelial cell func-
tion and angiogenesis. Several autophagy-regulating miRNAs have
been shown to influence endothelial cell survival, growth, and
proliferation, thereby directly affecting tumor angiogenesis. For
example, miRNA-212, which is downregulated in prostate cancer,
is able to negatively regulate autophagy by targeting the
autophagy activator SIRT1 [99]. Under these conditions, angiogen-
esis is inhibited, and cellular senescence occurs in prostate cancer
cells. Inhibition of miRNA-195 targeting the autophagy protein
GABARAPL1 promotes proliferation, migration and angiogenesis
of endothelial progenitor cells (EPCs) under hypoxic conditions
[100]. In addition, it was shown that lncRNA ANRIL intervening in
the autophagy pathway through miRNA-99a and miRNA-449a was
able to promote angiogenesis [101]. In another study, lncRNA
WTAPP1 acted as a molecular decoy for miRNA-3120-5p to
regulate MMP-3 expression through the PI1K/Akt and autophagy
pathways, thereby mediating cell migration and angiogenesis in
endothelial progenitor cells [102].
The above findings demonstrate the importance of miRNAs and

autophagy in regulating endothelial cell homeostasis and tumor
angiogenesis in vitro, and their correlation with tumor angiogen-
esis in vivo needs to be determined by further studies.

Cancer cell migration and metastasis. Cell motility, invasion and
metastatic spread of tumor cells are also affected by the link that
exists between cellular autophagy and migration, and some
miRNAs regulating autophagy are also associated with cancer
migration and metastasis.

In some studies, miRNAs were able to influence cancer cell
migration and metastasis by negatively regulating autophagy. For
example. Song et al. found that miRNA-219-5p attenuates cisplatin
resistance of ovarian cancer by inactivating Wnt/β-catenin
signaling and autophagy via targeting HMGA2 and significantly
inhibited tumor cell proliferation and migration [79].
In some instances, miRNA-activated autophagy regulates cancer

migration and metastasis. For example, nutrient depletion and
rVP1 (recombinant foot-and-mouth disease virus capsid protein)
-mediated autophagy was able to up-regulate miRNA-let7a-3p
thereby inhibiting ovarian cancer cell migration. This result was
obtained by analyzing whether miRNA-let7a-3p mimics inhibit
MMPs (matrix metalloproteinases), a key mediator of ovarian
cancer cell migration and invasion [103].

AUTOPHAGY-RELATED MIRNAS AND THEIR RESPONSE TO
OVARIAN CANCER THERAPY
Response to radiotherapy
Radiation therapy can be used as a local treatment for ovarian
cancer, and its mechanism is to inhibit and kill tumor cells through
radiation ionization [104]. However, radiation-insensitive or
radiation-resistant ovarian cancer cells are often encountered in
the actual treatment process, which limits the application of
radiation therapy in ovarian cancer. Recent studies have shown
that miRNAs can regulate the sensitivity of ovarian cancer cells to
radiotherapy. For example, in radiation-exposed ovarian cancer
cells, downregulation of miRNA-4478 expression over time led to
poor prognosis of ovarian cancer patients. But upregulation of
miRNA-4478 could be targeted and inhibited fused in sarcoma
(Fus). Fus was upregulated in ovarian cancer, and its expression
was further elevated in irradiated ovarian cancer cells. In addition,
miRNA-4478 targets Fus to inhibit autophagy, thereby sensitizing
ovarian cancer cells to radiation [69].
Zhang et al. found that miRNA-214 was significantly upregu-

lated in ovarian cancer tissues and radioresistant ovarian cancer
cell lines. Transfection of miRNA-214 agomir in radiosensitive
ovarian cancer cell lines increased their resistance to ionizing
radiation, whereas transfection of miRNA-214 antagomir in
radioresistant ovarian cancer cell lines sensitized them to ionizing
radiation again. And miRNA-214 was also found to effectively
promote tumor radioresistance in xenograft animal experiments.
Protein blotting and real-time fluorescence quantitative PCR
showed that miRNA-214 negatively regulated PTEN in radio-
resistant ovarian cancer cell lines and ovarian cancer tissues. a
series of experimental demonstrations led to the conclusion that
miRNA-214 promotes radioresistance in ovarian cancer by directly
targeting PTEN [105].
Zhao et al. established miRNA-210 overexpression and under-

expression ovarian cancer cell models by cell transfection, treated
the cells with different doses of ionizing radiation, and then
detected the cell proliferation activity. Following that, the
expression of apoptosis-related proteins was detected by protein
blotting. The experimental results showed that miRNA-210 could
reduce the sensitivity of ovarian cancer cells to radiotherapy by
inhibiting apoptosis, which may be a potential target for the
treatment of ovarian tumors [106].

Response to chemotherapy
Surgery and platinum-based chemotherapy are the main treat-
ments for ovarian cancer, and 70% of ovarian cancer patients
present with metastases at the time of diagnosis, 80–90% of
whom have missed surgery [107]. Therefore, cisplatin (DDP)-based
chemotherapy is an important approach for the treatment of
ovarian cancer. However, treated ovarian cancer cells often
develop resistance to DDP, making the overall efficacy of DDP
unsatisfactory in clinical practice. Patients with drug-resistant
ovarian cancer have a poorer prognosis and a low response rate to
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further chemotherapy. Therefore, efforts to overcome drug
resistance in ovarian cancer are a dynamic and vast field [108].
Autophagy-related miRNAs have been reported to affect the
sensitivity of cancer cells to anticancer drugs, as shown in Table 3.
Kazmierczak D by miRNA microarray of two cisplatin and two
paclitaxel-resistant A2780 cells, observed changes in miRNA
expression levels that 46 changes in miRNA expression may be
associated with drug resistance. Interestingly, the same miRNA
expression changes were observed in two cisplatin-resistant cell
lines and two paclitaxel-resistant cell lines. Upon target analysis, it
was shown that important resistance genes such as protein
Tyrosine Phosphatase Receptor Type K (PTPRK), Semaphorin 3A
(SEMA3A), or the ATP-binding cassette subfamily B member 1
gene (ABCB1) expression can also be regulated by miRNAs [109].
Not coincidentally, autophagy is also closely related to chemore-
sistance of tumors, and its self-protective capacity increases the
resistance of cancer cells to chemotherapeutic agents [110]. The
resistance of tumor cells to chemotherapeutic drugs is too
complex, and due to the complexity of DDP resistance mechan-
ism, the treatment of ovarian cancer needs to improve the
specificity and effectiveness, and multi-pathway combination
therapy is undoubtedly one of the best options [111]. Examples
include the combination of multiple antitumor drugs [112], new
dosage form design to overcome tumor resistance [113] and
active product reversal of tumor resistance [114].
In recent years, a growing number of studies have shown that

autophagy is associated with chemoresistance in ovarian cancer
and that miRNAs can reverse tumor cell resistance to cisplatin
through the regulation of autophagy. Cai et al. showed that
miRNA-30a inhibits autophagy and reduces chemoresistance to
DDP in ovarian cancer cells by inhibiting activation of the TGF-β/
Smad4 pathway, thereby improving the efficacy of DDP Clinical

efficacy of ovarian cancer treatment [115]. Zhou et al. found that
miRNA-133a can directly target YES3 in combination with its 3′UTR
region and that the miRNA-133a/YES1 axis may regulate cisplatin
sensitivity in ovarian cancer via autophagy, providing the
possibility that the miRNA-133a/YES1/autophagy axis may serve
as a novel diagnostic biomarker and potential gene therapy target
for ovarian cancer chemotherapy [116]. Song et al. miRNA-219-5p
reduces cisplatin resistance in ovarian cancer cells by regulating
HMGA2, followed by Wnt/β-linked protein signaling (catenin
signaling) and autophagy [117]. Thus, the role of miRNAs in tumor
cell resistance suggests that targeting miRNA-mediated autop-
hagy is a potential strategy to mitigate drug resistance in patients
with advanced tumors.
For example, miRNA-20a-5p was shown to inhibit autophagy

and cisplatin resistance in ovarian cancer through DNMT3B-
mediated DNA methylation of RBP1 [67]. Similarly, miRNA-125b
and miRNA-133a, when overexpressed, promote the autophagic
process in drug-resistant tumor cells thereby reducing cisplatin
resistance in tumor cells [116, 118]. In addition, miRNA-3127-5p
and miRNA-506-3p have been shown to modulate autophagy in
drug-resistant tumor cells to enhance chemosensitivity to
paclitaxel and carboplatin, respectively [76, 78].
However, on the other hand, a large number of studies have

found that aberrant expression of miRNAs also causes inhibition of
apoptosis, which leads to chemoresistance. For example, Xu et al.
showed that miRNA-149-5p was demonstrated to be significantly
expressed in cisplatin-resistant ovarian cancer cells, and silencing
of miRNA-149-5p enhanced the chemosensitivity of ovarian
cancer cells to cisplatin in vitro and in vivo. Conversely, the
upregulation of miRNA-149-5p exacerbated chemoresistance in
ovarian cancer cells [119]. Similarly, in an ovarian tumor xenograft
mouse model, overexpression of miRNA-204 enhances cisplatin

Table 3. The impact of autophagy-related miRNAs on ovarian cancer chemotherapy and radiotherapy.

Effect on
autophagy

Name miRNA expression
regulation

Resistance to
treatment

Effect on
radiotherapy/
chemotherapy

Tested cell line (tissue origin) Ref.

Inhibition miRNA-125b Upregulated Cisplatin Sensitized COC1/DDP [118]

Inhibition miRNA-133a Upregulated Cisplatin Sensitized A2780/DDP and SKOV3/DDP [116]

Inhibition miRNA-219-5p Upregulated Cisplatin Sensitized A2780/DDP and SKOV3/DDP [79]

Inhibition miRNA-299 Upregulated Radiotherapy Sensitized Caov3 [148]

Inhibition miRNA-3127-5p Downregulated paclitaxel Sensitized SKOV3, A2780, SKOV3/PTX and
A2780/PTX

[78]

Inhibition miRNA-4478 Upregulated Radiotherapy Sensitized ES-2 and SKOV3 [69]

Inhibition miRNA-506-3p Upregulated carboplatin Sensitized SKOV3/CBP and A2780 / CBP [76]

Inhibition miRNA-1301 Upregulated Cisplatin Sensitized SKOV3/DDP [133]

Inhibition miRNA-29c-3p Upregulated Cisplatin Sensitized SKOV3/DDP A2780/DDP [135]

Inhibition miRNA-29b-3p Downregulate paclitaxel Sensitized SKOV3/PTX and A2780/PTX [129]

Inhibition miRNA-199a Downregulate Cisplatin Sensitized SKOV3/DDP [134]

Inhibition miRNA-200c Upregulated Olaparib Sensitized SKOV3/Olaparib [136]

Inhibition miRNA-588 Downregulate Radiotherapy Sensitized SKOV3 and A2780 [149]

Inhibition miRNA-374a Downregulate Cisplatin Sensitized A2780/DDP [150]

Inhibition miRNA-770-5p Upregulated Cisplatin Sensitized A2780/DDP and SKOV3 / DDP [151]

Inhibition miRNA-1299 Upregulated paclitaxel Sensitized SKOV3/PTX [152]

Activation miRNA-181d Upregulated Cisplatin Resistant A2780/DDP [153]

Activation miRNA-210 Upregulated Radiotherapy Resistant OVCAR3 and SKOV3 [106]

Activation miRNA-214 Upregulated Radiotherapy Resistant SKOV3 and IOSE80 [105]

Activation miRNA-27a Upregulated paclitaxel Resistant A2780、HO8910、OVCAR3 and
PEO-1

[154]

Activation miRNA-194-5p Upregulated Cisplatin Resistant A2780/DDP and COC1/DDP [155]
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resistance, whereas decreased expression of miRNA-630 increases
paclitaxel sensitivity [120]. Wang et al. found that cisplatin-
resistant epithelial ovarian cancer cells were enriched with miRNA-
98-5p, a member of the let-7 family, compared to cisplatin-
sensitive cells, and could promote cisplatin resistance in epithelial
ovarian cancer cells [121].
Indeed, autophagy-associated miRNAs are involved in the

regulation of tumor resistance of ovarian cancer by various
antitumor drugs. With the in-depth elucidation of the mechanisms
associated with autophagy-related miRNAs and ovarian cancer
chemoresistance, there will be more and more autophagy-related
miRNAs that may become anticancer targets.

Preclinical or clinical trials
Although a large number of literatures have reported that miRNA-
mediated autophagy has great potential in ovarian cancer
treatment, it has not advanced to the clinical trial stage. Currently,
the application of miRNAs in ovarian cancer is mainly focused on
the early screening and diagnosis of ovarian cancer.
Liquid biopsy techniques represented by the detection of

biomarkers in extracted exosomes are potential tools to address
noninvasive and early screening methods to improve the diagnosis
of patients with ovarian cancer [122]. Exosomes are tiny vesicles
secreted by cells with a unique lipid bilayer membrane structure
that protects the internal contents (e.g., mRNA and miRNA) well
from degradation [123]. Thus, exosomes are more stable than other
biomarkers presented in plasma. An increasing number of cancer-
derived exosomal cyclins have been identified, and their expression
levels are correlated with tumor progression. Due to their
abundance, stability, ease of detection, and specific expression
pattern in tumors, these exosomes are considered as new potential
biomarkers for tumor diagnosis and prognosis. Zhu et al. used
exosome liquid biopsy technique to detect the expression levels of
four genes, miRNA-205, CA125, HE4, and TCF21, in plasma
exosomes of ovarian cancer patients. Plasma exosomal miRNA-
205 was found to have significant advantages in the diagnosis of
ovarian cancer, and when combined with traditional serum tumor
biomarkers, it could improve the diagnostic efficiency of ovarian
cancer. In addition, plasma exosomal miRNA-205 levels were
associated with ovarian cancer staging and lymph node metastasis,
providing a valuable reference for early diagnosis and prognostic
assessment of ovarian cancer patients [124].
Exosomal miRNAs have been associated with ovarian cancer

progression and drug resistance and have been studied in great
depth [125]. However, we are still far from fully understanding their
biological functions to translate for clinical use. Further studies are
needed to determine the function of exosomes in vivo. The
development of a rapid, standardized, and efficient method for
exosome isolation is also a pressing need for future ovarian cancer
research as it is a challenge to isolate large amounts of pure
exosomes in a standardized way for the comparison of studies.

CONCLUSION AND PROSPECTION
miRNAs are involved in the regulation of cellular physiological
processes through a variety of signaling pathways, which also
include the regulation of tumor cells through the regulation of
cellular autophagy. More and more studies have shown that
miRNA-mediated autophagy plays a key role in several aspects of
ovarian cancer and exhibits a significant regulatory effect on
ovarian cancer cells. Interestingly, this regulatory effect exhibits a
dual nature. On the one hand, miRNA expression can inhibit
ovarian cancer progression by regulating the autophagy process
to promote apoptosis of ovarian cancer cells and increase their
sensitivity to radiotherapy and chemotherapy. On the other hand,
aberrant miRNA expression may also lead to ovarian cell resistance
to radiotherapy and chemotherapy, and enhance the proliferation,
invasion and metastasis of ovarian cancer cells.

Nevertheless, the clinical application of miRNA agents or miRNA
mimics as novel ovarian cancer therapeutic agents needs to
overcome many challenges. First, an in-depth study of the large
number of miRNAs associated with the course of ovarian cancer,
as well as their effects and mechanisms of action in tumor tissues
and other tissues, is required. Second, miRNA agents or miRNA
mimics with targeted and specific modes of action must be
designed to improve their effectiveness in tumor therapy. It is
precisely the fact that there are still many unresolved scientific
issues that have hindered the clinical development of miRNAs for
the treatment of ovarian cancer by modulating autophagy.
However, it is now known through many means that the
expression levels of many relevant miRNAs in the ovarian cancer
process can be used as an important means of judging the ovarian
cancer process. Clinical trials have been initiated to detect the
miRNA levels in extracted exosomes for noninvasive and early
ovarian cancer screening, and it is believed that in the near future,
more and more miRNAs will be discovered and applied to ovarian
cancer or other tumor cells. early screening and tumor progression
analysis.
In conclusion, miRNAs can regulate autophagy to promote or

delay ovarian cancer progression, which provides a basis for
miRNAs to be used as therapeutic targets for ovarian cancer.
However, no clinical studies have been reported on therapeutic
drugs based on miRNAs regulating autophagy to regulate the
progression of ovarian cancer, and therefore further in-depth
studies on this mechanism are needed. The changes in autophagy
of tumor cells also occur during the progression of ovarian cancer,
which in turn causes alterations in miRNA expression. Some of
these miRNAs are correlated with the progression of ovarian
cancer. Therefore, early screening and progression assessment of
ovarian cancer can also be performed by analyzing the expression
levels of specific miRNAs in patients. In summary, miRNA-
mediated autophagy plays a dual role in ovarian cancer and has
great potential for diagnosis, treatment and prognostic assess-
ment of ovarian cancer. However, to fully realize this potential,
further in-depth research in this area is needed, as well as the
translation of research results into clinical practice.

REFERENCES
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global

cancer statistics 2020: GLOBOCAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA: Cancer J Clin. 2021;71:209–49.

2. Žilovič D, Čiurlienė R, Sabaliauskaitė R, Jarmalaitė S. Future screening prospects
for ovarian cancer. Cancers. 2021;13:3840.

3. Ozols R. Challenges for chemotherapy in ovarian cancer. Ann Oncol.
2006;17:v181–v7.

4. Huang Y, Shen XJ, Zou Q, Wang SP, Tang SM, Zhang GZ. Biological functions of
microRNAs: a review. J Physiol Biochem. 2011;67:129–39.

5. Krützfeldt J, Stoffel M. MicroRNAs: a new class of regulatory genes affecting
metabolism. Cell Metab. 2006;4:9–12.

6. Catalanotto C, Cogoni C, Zardo G. MicroRNA in control of gene expression: an
overview of nuclear functions. Int J Mol Sci. 2016;17:1712.

7. Gu W, Xu Y, Xie X, Wang T, Ko J-H, Zhou T. The role of RNA structure at 5′
untranslated region in microRNA-mediated gene regulation. Rna.
2014;20:1369–75.

8. Fang Z, Rajewsky N. The impact of miRNA target sites in coding sequences and
in 3′ UTRs. PLoS ONE. 2011;6:e18067.

9. Li M, Marin-Muller C, Bharadwaj U, Chow KH, Yao Q, Chen C. MicroRNAs: control
and loss of control in human physiology and disease. World J Surg.
2009;33:667–84.

10. Walgrave H, Zhou L, De Strooper B, Salta E. The promise of microRNA-based
therapies in Alzheimer’s disease: challenges and perspectives. Mol Neurodegen.
2021;16:1–16.

11. Roy D, Modi A, Khokhar M, Sankanagoudar S, Yadav D, Sharma S, et al. Microrna
21 emerging role in diabetic complications: a critical update. Curr Diabetes Rev
2021;17:122–35.

12. Letafati A, Najafi S, Mottahedi M, Karimzadeh M, Shahini A, Garousi S, et al.
MicroRNA let-7 and viral infections: focus on mechanisms of action. Cell Mol Biol
Lett. 2022;27:1–47.

Y. Ding et al.

11

Cell Death and Disease          (2024) 15:314 



13. Sempere LF, Azmi AS, Moore A. microRNA‐based diagnostic and therapeutic
applications in cancer medicine. Wiley Interdiscip Rev: RNA. 2021;12:e1662.

14. Chanjiao Y, Chunyan C, Xiaoxin Q, Youjian H. MicroRNA‐378a‐3p contributes to
ovarian cancer progression through downregulating PDIA4. Immun Inflamm
Dis. 2021;9:108–19.

15. Moghbeli M. MicroRNAs as the critical regulators of Cisplatin resistance in
ovarian cancer cells. J Ovarian Res. 2021;14:1–16.

16. Davis-Dusenbery BN, Hata A. Mechanisms of control of microRNA biogenesis. J
Biochem. 2010;148:381–92.

17. Han J, Lee Y, Yeom KH, Kim YK, Jin H, Kim VN. The Drosha-DGCR8 complex in
primary microRNA processing. Genes Dev. 2004;18:3016–27.

18. Rani V, Sengar RS. Biogenesis and mechanisms of microRNA‐mediated gene
regulation. Biotechnol Bioeng. 2022;119:685–92.

19. Roberts TC. The microRNA machinery. MicroRNA: Basic Science: From Molecular
Biology to Clinical Practice. 2015;887:15–30.

20. Klionsky DJ. Autophagy. Curr Biol. 2005;15:R282–3.
21. Aman Y, Schmauck-Medina T, Hansen M, Morimoto RI, Simon AK, Bjedov I, et al.

Autophagy in healthy aging and disease. Nat Aging. 2021;1:634–50.
22. Dong S, Wang Q, Kao Y-R, Diaz A, Tasset I, Kaushik S, et al. Chaperone-mediated

autophagy sustains hematopoietic stem-cell function. Nature. 2021;591:117–23.
23. Wang S, Hu W, Liu F. Autophagy in the lifetime of plants: from seed to seed. Int J

Mol Sci. 2022;23:11410.
24. Ravichandran R, PriyaDharshini LC, Sakthivel KM, Rasmi RR. Role and regulation

of autophagy in cancer. Biochimica et Biophysica Acta (BBA)-Mol Basis of Dis.
2022;1868:166400.

25. Folkerts H, Hilgendorf S, Vellenga E, Bremer E, Wiersma VR. The multifaceted role
of autophagy in cancer and the microenvironment. Med Res Rev.
2019;39:517–60.

26. Hernández-Cáceres MP, Munoz L, Pradenas JM, Pena F, Lagos P, Aceiton P, et al.
Mechanobiology of autophagy: the unexplored side of cancer. Front Oncol.
2021;11:632956.

27. Mercer TJ, Tooze SA. The ingenious ULKs: expanding the repertoire of the ULK
complex with phosphoproteomics. Autophagy. 2021;17:4491–3.

28. Li W, Zhang L. Regulation of ATG and autophagy initiation. Autophagy: Biology
and Diseases: Basic Sci. 2019;1206:41–65.

29. Wang S, Li J, Du Y, Xu Y, Wang Y, Zhang Z, et al. The Class I PI3K inhibitor S14161
induces autophagy in malignant blood cells by modulating the Beclin 1/Vps34
complex. J Pharmacol Sci. 2017;134:197–202.

30. Gammoh N. The multifaceted functions of ATG16L1 in autophagy and related
processes. J Cell Sci. 2020;133:jcs249227.

31. Li W, Luo LX, Zhou QQ, Gong HB, Fu YY, Yan CY, et al. Phospholipid peroxidation
inhibits autophagy via stimulating the delipidation of oxidized LC3-PE. Redox
Biol. 2022;55:102421.

32. Sakurai HT, Arakawa S, Noguchi S, Shimizu S. FLIP-based autophagy-detecting
technique reveals closed autophagic compartments. Sci Rep. 2022;12:22452.

33. Zhao YG, Codogno P, Zhang H. Machinery, regulation and pathophysiological
implications of autophagosome maturation. Nat Rev Mol Cell Biol.
2021;22:733–50.

34. Ornatowski W, Lu Q, Yegambaram M, Garcia AE, Zemskov EA, Maltepe E, et al.
Complex interplay between autophagy and oxidative stress in the development
of pulmonary disease. Redox Biol. 2020;36:101679.

35. Hayat M. Overview of autophagy. In: Autophagy: cancer, other pathologies,
inflammation, immunity, infection, and aging. Vol. 12. Amsterdam, Netherlands:
Elsevier; 2017.

36. Chen Y, Yu L. Development of research into autophagic lysosome reformation.
Mol Cells. 2018;41:45.

37. Nanayakkara R, Gurung R, Rodgers SJ, Eramo MJ, Ramm G, Mitchell CA, et al.
Autophagic lysosome reformation in health and disease. Autophagy.
2023;19:1378–95.

38. Feng Y, He D, Yao Z, Klionsky DJ. The machinery of macroautophagy. Cell Res.
2014;24:24–41.

39. Mizushima N, Yoshimori T, Ohsumi Y. The role of Atg proteins in autophago-
some formation. Annu Rev Cell Dev Biol. 2011;27:107–32.

40. Yan L, Guo N, Cao Y, Zeng S, Wang J, Lv F, et al. miRNA‑145 inhibits myocardial
infarction‑induced apoptosis through autophagy via Akt3/mTOR signaling
pathway in vitro and in vivo. Int J Mol Med. 2018;42:1537–47.

41. Yang S, Wang M, Yang L, Li Y, Ma Y, Peng X, et al. MicroRNA-375 targets ATG14
to inhibit autophagy and sensitize hepatocellular carcinoma cells to sorafenib.
OncoTargets Ther. 2020;13:3557.

42. Chen D, Huang X, Lu S, Deng H, Gan H, Huang R, et al. miRNA‑125a modulates
autophagy of thyroiditis through PI3K/Akt/mTOR signaling pathway. Exp Ther
Med. 2019;17:2465–72.

43. Cai C, Min S, Yan B, Liu W, Yang X, Li L, et al. MiR-27a promotes the autophagy
and apoptosis of IL-1β treated-articular chondrocytes in osteoarthritis through
PI3K/AKT/mTOR signaling. Aging. 2019;11:6371.

44. Lv Q, Zhong Z, Hu B, Yan S, Yan Y, Zhang J, et al. MicroRNA‐3473b regulates the
expression of TREM2/ULK1 and inhibits autophagy in inflammatory pathogen-
esis of Parkinson disease. J Neurochem. 2021;157:599–610.

45. Qian Q, Ma Q, Wang B, Qian Q, Zhao C, Feng F, et al. MicroRNA‐205‐5p targets
E2F1 to promote autophagy and inhibit pulmonary fibrosis in silicosis through
impairing SKP2‐mediated Beclin1 ubiquitination. J Cell Mol Med.
2021;25:9214–27.

46. Lv Z, Qiu X, Jin P, Li Z, Zhang Y, Lv L, et al. MiR-371a-5p positively associates with
hepatocellular carcinoma malignancy but sensitizes cancer cells to oxaliplatin
by suppressing BECN1-dependent autophagy. Life. 2022;12:1651.

47. Lian WS, Ko JY, Wu RW, Sun YC, Chen YS, Wu SL, et al. MicroRNA-128a represses
chondrocyte autophagy and exacerbates knee osteoarthritis by disrupting
Atg12. Cell Death Dis. 2018;9:1–14.

48. Yang J, Rao S, Cao R, Xiao S, Cui X, Ye L. miR-30a-5p suppresses lung squamous
cell carcinoma via ATG5-mediated autophagy. Aging. 2021;13:17462.

49. Cai X, Zhang P, Yang Y, Wang Y, Zhu H, Li B, et al. MiR-30a-5p promotes vein
graft restenosis by inhibiting cell autophagy through targeting ATG5. Curr Med
Chem. 2023;30:757–74.

50. Qu Y, Gao Q, Wu S, Xu T, Jiang D, Xu G. MicroRNA-142-3p inhibits autophagy
and promotes intracellular survival of Mycobacterium tuberculosis by targeting
ATG16L1 and ATG4c. Int Immunopharmacol. 2021;101:108202.

51. Zhang H, Wang X, Chen W, Yang Y, Wang Y, Wan H, et al. Danhong injection
alleviates cerebral ischemia-reperfusion injury by inhibiting autophagy through
miRNA-132-3p/ATG12 signal axis. J Ethnopharmacol. 2023;300:115724.

52. Zhang J, Mao S, Wang L, Zhang W, Zhang Z, Guo Y, et al. MicroRNA‑154
functions as a tumor suppressor in bladder cancer by directly targeting ATG7.
Oncol Rep. 2019;41:819–28.

53. Shen H, Lin Z, Shi H, Wu L, Ma B, Li H, et al. MiR-221/222 promote migration and
invasion, and inhibit autophagy and apoptosis by modulating ATG10 in
aggressive papillary thyroid carcinoma. 3 Biotech. 2020;10:1–11.

54. Zhang X, Zhao P, Wang C, Xin B. SNHG14 enhances gemcitabine resistance by
sponging miR-101 to stimulate cell autophagy in pancreatic cancer. Biochemical
Biophys Res Commun. 2019;510:508–14.

55. Xu W-P, Liu JP, Feng JF, Zhu C-P, Yang Y, Zhou WP, et al. miR-541 potentiates the
response of human hepatocellular carcinoma to sorafenib treatment by inhi-
biting autophagy. Gut. 2020;69:1309–21.

56. Liu D, Li X, Zeng B, Zhao Q, Chen H, Zhang Y, et al. Exosomal microRNA-4535 of
melanoma stem cells promotes metastasis by inhibiting autophagy pathway.
Stem Cell Rev Rep. 2022;19:155–69.

57. Nnah IC, Wang B, Saqcena C, Weber GF, Bonder EM, Bagley D, et al. TFEB-driven
endocytosis coordinates MTORC1 signaling and autophagy. Autophagy.
2019;15:151–64.

58. Jin L, Zhou Y, Han L, Piao J. MicroRNA302-367-PI3K-PTEN-AKT-mTORC1 pathway
promotes the development of cardiac hypertrophy through controlling autop-
hagy. Vitr Cell Dev Biol-Anim. 2020;56:112–9.

59. Zhao Y, Wang Z, Zhang W, Zhang L. MicroRNAs play an essential role in
autophagy regulation in various disease phenotypes. Biofactors.
2019;45:844–56.

60. Shi Y, Wang S, Liu D, Wang Z, Zhu Y, Li J, et al. Exosomal miR-4645-5p from
hypoxic bone marrow mesenchymal stem cells facilitates diabetic wound
healing by restoring keratinocyte autophagy. Burns Trauma. 2024;12:tkad058.

61. Akkoc Y, Gozuacik D. MicroRNAs as major regulators of the autophagy pathway.
Biochimica et Biophysica Acta (BBA)-Mol Cell Res. 2020;1867:118662.

62. Frankel LB, Lund AH. MicroRNA regulation of autophagy. Carcinogenesis.
2012;33:2018–25.

63. Koustas E, Trifylli E-M, Sarantis P, Papadopoulos N, Papanikolopoulos K, Aloizos
G, et al. The emerging role of microRNAs and autophagy mechanism in pan-
creatic cancer progression: future therapeutic approaches. Genes. 2022;13:1868.

64. Gibbings D, Mostowy S, Jay F, Schwab Y, Cossart P, Voinnet O. Selective
autophagy degrades DICER and AGO2 and regulates miRNA activity. Nat Cell
Biol. 2012;14:1314–21.

65. Gibbings D, Mostowy S, Voinnet O. Autophagy selectively regulates miRNA
homeostasis. Autophagy. 2013;9:781–3.

66. Peng M, Wang J, Tian Z, Zhang D, Jin H, Liu C, et al. Autophagy-mediated
Mir6981 degradation exhibits CDKN1B promotion of PHLPP1 protein translation.
Autophagy. 2019;15:1523–38.

67. Li H, Lei Y, Li S, Li F, Lei J. MicroRNA-20a-5p inhibits the autophagy and cisplatin
resistance in ovarian cancer via regulating DNMT3B-mediated DNA methylation
of RBP1. Reprod Toxicol. 2022;109:93–100.

68. Titone R, Morani F, Follo C, Vidoni C, Mezzanzanica D, Isidoro C. Epigenetic
control of autophagy by microRNAs in ovarian cancer. BioMed Res Int.
2014;2014.

69. Wang L, Liu Y, Li H, Zhang C, Wang H, Dai S, et al. miR-4478 sensitizes ovarian
cancer cells to irradiation by inhibiting Fus and attenuating autophagy. Mol
Ther-Nucleic Acids. 2021;23:1110–9.

Y. Ding et al.

12

Cell Death and Disease          (2024) 15:314 



70. Kandimalla R, Wang W, Yu F, Zhou N, Gao F, Spillman M, et al. OCaMIR—a
noninvasive, diagnostic signature for early-stage ovarian cancer: a multi-cohort
retrospective and prospective StudyOCaMIR: a diagnostic signature for ovarian
cancer. Clin Cancer Res. 2021;27:4277–86.

71. Bueno MJ, Malumbres M. MicroRNAs and the cell cycle. Biochimica et Biophysica
Acta (BBA)-Mol Basis Dis. 2011;1812:592–601.

72. Uzuner E, Ulu GT, Gürler SB, Baran Y. The role of miRNA in cancer: pathogenesis,
diagnosis, and treatment. miRNomics: MicroRNA Biology and Computational
Analysis. 2022;2257:375–422.

73. Guo T, Dong X, Xie S, Zhang L, Zeng P, Zhang L. Cellular mechanism of gene
mutations and potential therapeutic targets in ovarian cancer. Cancer Manag
Res. 2021;13:3081–100.

74. De Santis C, Götte M. The Role of microRNA Let-7d in female malignancies and
diseases of the female reproductive tract. Int J Mol Sci. 2021;22:7359.

75. Yuan D, Guo T, Qian H, Ge H, Zhao Y, Huang A, et al. Icariside II suppresses the
tumorigenesis and development of ovarian cancer by regulating miR‐144‐3p/
IGF2R axis. Drug Dev Res. 2022;83:1383–93.

76. Xia X, Li Z, Li Y, Ye F, Zhou X. LncRNA XIST promotes carboplatin resistance of
ovarian cancer through activating autophagy via targeting miR-506-3p/FOXP1
axis. J Gynecol Oncol. 2022;33:e81.

77. Wang Y, Chen B, Xiao M, Wang X, Peng Y. Brucea javanica oil emulsion promotes
autophagy in ovarian cancer cells through the miR-8485/LAMTOR3/mTOR/
ATG13 signaling Axis. Front Pharmacol. 2022;13:935155.

78. Yu Z, Wang Y, Wang B, Zhai J. Metformin affects paclitaxel sensitivity of ovarian
cancer cells through autophagy mediated by long noncoding RNASNHG7/miR-
3127-5p axis. Cancer Biother Radiopharm. 2022;37:792–801.

79. Song Z, Liao C, Yao L, Xu X, Shen X, Tian S, et al. miR-219-5p attenuates cisplatin
resistance of ovarian cancer by inactivating Wnt/β-catenin signaling and
autophagy via targeting HMGA2. Cancer Gene Ther. 2023;30:596–607.

80. Zhuang RJ, Bai XX, Liu W. MicroRNA-23a depletion promotes apoptosis of
ovarian cancer stem cell and inhibits cell migration by targeting DLG2. Cancer
Biol Ther. 2019;20:897–911.

81. Zhao W, Han T, Li B, Ma Q, Yang P, Li H. miR-552 promotes ovarian cancer
progression by regulating PTEN pathway. J Ovarian Res. 2019;12:1–10.

82. Salem M, Shan Y, Bernaudo S, Peng C. miR-590-3p targets cyclin G2 and FOXO3
to promote ovarian cancer cell proliferation, invasion, and spheroid formation.
Int J Mol Sci. 2019;20:1810.

83. Wahab NA, Othman Z, Nasri NWM, Mokhtar MH, Ibrahim SF, Hamid AA, et al.
Inhibition of miR-141 and miR-200a increase DLC-1 and ZEB2 expression,
enhance migration and invasion in metastatic serous ovarian cancer. Int J
Environ Res Public Health. 2020;17:2766.

84. Qu X, Yu J, Bhagat G, Furuya N, Hibshoosh H, Troxel A, et al. Promotion of
tumorigenesis by heterozygous disruption of the beclin 1 autophagy gene. J
Clin Investig. 2003;112:1809–20.

85. Karantza-Wadsworth V, Patel S, Kravchuk O, Chen G, Mathew R, Jin S, et al.
Autophagy mitigates metabolic stress and genome damage in mammary
tumorigenesis. Genes Dev. 2007;21:1621–35.

86. Aita VM, Liang XH, Murty V, Pincus DL, Yu W, Cayanis E, et al. Cloning and
genomic organization of beclin 1, a candidate tumor suppressor gene on
chromosome 17q21. Genomics. 1999;59:59–65.

87. Wei Y, An Z, Zou Z, Sumpter R Jr, Su M, Zang X, et al. The stress-responsive
kinases MAPKAPK2/MAPKAPK3 activate starvation-induced autophagy through
Beclin 1 phosphorylation. eLife. 2015;4:e05289.

88. Yue Z, Jin S, Yang C, Levine AJ, Heintz N. Beclin 1, an autophagy gene essential
for early embryonic development, is a haploinsufficient tumor suppressor. Proc
Natl Acad Sci USA. 2003;100:15077–82.

89. Takahashi Y, Coppola D, Matsushita N, Cualing HD, Sun M, Sato Y, et al. Bif-1
interacts with Beclin 1 through UVRAG and regulates autophagy and tumor-
igenesis. Nat Cell Biol. 2007;9:1142–51.

90. Morselli E, Galluzzi L, Kepp O, Vicencio J-M, Criollo A, Maiuri MC, et al. Anti-and
pro-tumor functions of autophagy. Biochimica et Biophysica Acta (BBA)-Mol Cell
Res. 2009;1793:1524–32.

91. Mathew R, Karp CM, Beaudoin B, Vuong N, Chen G, Chen H-Y, et al. Autophagy
suppresses tumorigenesis through elimination of p62. Cell. 2009;137:1062–75.

92. Ai H, Zhou W, Wang Z, Qiong G, Chen Z, Deng S. microRNAs‐107 inhibited
autophagy, proliferation, and migration of breast cancer cells by targeting
HMGB1. J Cell Biochem. 2019;120:8696–705.

93. White E. Deconvoluting the context-dependent role for autophagy in cancer.
Nat Rev Cancer. 2012;12:401–10.

94. Guo JY, Chen HY, Mathew R, Fan J, Strohecker AM, Karsli-Uzunbas G, et al.
Activated Ras requires autophagy to maintain oxidative metabolism and
tumorigenesis. Genes Dev. 2011;25:460–70.

95. Niture S, Tricoli L, Qi Q, Gadi S, Hayes K, Kumar D. MicroRNA-99b-5p targets
mTOR/AR axis, induces autophagy and inhibits prostate cancer cell proliferation.
Tumor Biol. 2022;44:107–26.

96. Gu DN, Jiang MJ, Mei Z, Dai JJ, Dai CY, Fang C, et al. microRNA-7 impairs
autophagy-derived pools of glucose to suppress pancreatic cancer progression.
Cancer Lett. 2017;400:69–78.

97. Li CH, Liao CC. The metabolism reprogramming of microRNA Let-7-mediated
glycolysis contributes to autophagy and tumor progression. Int J Mol Sci.
2021;23:113.

98. Lee D-H, Park S-H, Ahn J, Hong SP, Lee E, Jang YJ, et al. Mir214-3p and Hnf4a/
Hnf4α reciprocally regulate Ulk1 expression and autophagy in nonalcoholic
hepatic steatosis. Autophagy. 2021;17:2415–31.

99. Ramalinga M, Roy A, Srivastava A, Bhattarai A, Harish V, Suy S, et al. MicroRNA-
212 negatively regulates starvation induced autophagy in prostate cancer cells
by inhibiting SIRT1 and is a modulator of angiogenesis and cellular senescence.
Oncotarget. 2015;6:34446–57.

100. Mo J, Zhang D, Yang R. MicroRNA-195 regulates proliferation, migration,
angiogenesis and autophagy of endothelial progenitor cells by targeting
GABARAPL1. Biosci Rep. 2016;36:e00396.

101. Zeng R, Song XJ, Liu CW, Ye W. LncRNA ANRIL promotes angiogenesis and
thrombosis by modulating microRNA-99a and microRNA-449a in the autophagy
pathway. Am J Transl Res. 2019;11:7441–8.

102. Li WD, Zhou DM, Sun LL, Xiao L, Liu Z, Zhou M, et al. LncRNA WTAPP1 promotes
migration and angiogenesis of endothelial progenitor cells via MMP1 through
microRNA 3120 and Akt/PI3K/autophagy pathways. Stem Cells. 2018;36:1863–74.

103. Liao CC, Ho MY, Liang SM, Liang CM. Autophagic degradation of SQSTM1
inhibits ovarian cancer motility by decreasing DICER1 and AGO2 to induce
MIRLET7A-3P. Autophagy. 2018;14:2065–82.

104. De Felice F, Marchetti C, Di Mino A, Palaia I, Benevento I, Musella A, et al.
Recurrent ovarian cancer: the role of radiation therapy. Int J Gynecol Cancer.
2017;27:690–5.

105. Zhang Q, Zhang S. miR-214 promotes radioresistance in human ovarian cancer
cells by targeting PETN. Biosci Rep. 2017;37:BSR20170327.

106. Zhao Y, Liu S, Wen Y, Zhong L. Effect of microRNA-210 on the growth of ovarian
cancer cells and the efficacy of radiotherapy. Gynecol Obstet Investig.
2021;86:71–80.

107. Yu L, Gong H, Li Q, Ren H, Wang Y, He H, et al. Survival analysis of radiation
therapy in ovarian cancer: a SEER database analysis. J Oncol. 2021;2021:1–11.

108. Marchetti C, De Felice F, Romito A, Iacobelli V, Sassu CM, Corrado G, et al.
Chemotherapy resistance in epithelial ovarian cancer: mechanisms and emer-
ging treatments. Semin Cancer Biol. 2021;77:144–66.

109. Kazmierczak D, Jopek K, Sterzynska K, Nowicki M, Rucinski M, Januchowski R.
The profile of microRNA expression and potential role in the regulation of drug-
resistant genes in cisplatin-and paclitaxel-resistant ovarian cancer cell lines. Int J
Mol Sci. 2022;23:526.

110. Wu W, Coffelt S, Cho C, Wang X, Lee C, Chan F, et al. The autophagic paradox in
cancer therapy. Oncogene. 2012;31:939–53.

111. Song M, Cui M, Liu K. Therapeutic strategies to overcome cisplatin resistance in
ovarian cancer. Eur J Med Chem. 2022;232:114205.

112. Miller RE, El-Shakankery KH, Lee JY. PARP inhibitors in ovarian cancer: over-
coming resistance with combination strategies. J Gynecol Oncol. 2022;33:e44.

113. Li L, He D, Guo Q, Zhang Z, Ru D, Wang L, et al. Exosome-liposome hybrid
nanoparticle codelivery of TP and miR497 conspicuously overcomes chemore-
sistant ovarian cancer. J Nanobiotechnol. 2022;20:50.

114. Wei H, Guo J, Sun X, Gou W, Ning H, Shang H, et al. Discovery of natural ursane-
type SENP1 inhibitors and the platinum resistance reversal activity against
human ovarian cancer cells: a structure–activity relationship study. J Nat Pro-
ducts. 2022;85:1248–55.

115. Cai Y, An B, Yao D, Zhou H, Zhu J. MicroRNA miR-30a inhibits cisplatin resistance
in ovarian cancer cells through autophagy. Bioengineered. 2021;12:10713–22.

116. Zhou Y, Wang C, Ding J, Chen Y, Sun Y, Cheng Z. miR-133a targets YES1 to
reduce cisplatin resistance in ovarian cancer by regulating cell autophagy.
Cancer Cell Int. 2022;22:1–13.

117. Song Z, Liao C, Yao L, Xu X, Shen X, Tian S, et al. miR-219-5p attenuates cisplatin
resistance of ovarian cancer by inactivating Wnt/β-catenin signaling and
autophagy via targeting HMGA2. Cancer Gene Ther. 2022;30:596–607.

118. Wang J, Da C, Su Y, Song R, Bai Z. MKNK2 enhances chemoresistance of ovarian
cancer by suppressing autophagy via miR-125b. Biochem Biophys Res Commun.
2021;556:31–8.

119. Xu M, Xiao J, Chen M, Yuan L, Li J, Shen H, et al. miR‑149‑5p promotes che-
motherapeutic resistance in ovarian cancer via the inactivation of the Hippo
signaling pathway. Int J Oncol. 2018;52:815–27.

120. Eoh KJ, Lee SH, Kim HJ, Lee JY, Kim S, Kim SW, et al. MicroRNA-630 inhibitor
sensitizes chemoresistant ovarian cancer to chemotherapy by enhancing
apoptosis. Biochem Biophys Res Commun. 2018;497:513–20.

121. Wang Y, Bao W, Liu Y, Wang S, Xu S, Li X, et al. miR-98-5p contributes to cisplatin
resistance in epithelial ovarian cancer by suppressing miR-152 biogenesis via
targeting Dicer1. Cell Death Dis 2018;9:447.

Y. Ding et al.

13

Cell Death and Disease          (2024) 15:314 



122. Crosby D. Delivering on the promise of early detection with liquid biopsies. Br J
Cancer. 2022;126:313–5.

123. Halvaei S, Daryani S, Eslami-S Z, Samadi T, Jafarbeik-Iravani N, Bakhshayesh TO,
et al. Exosomes in cancer liquid biopsy: a focus on breast cancer. Mol Ther-
Nucleic Acids. 2018;10:131–41.

124. Zhu Z, Chen Z, Wang M, Zhang M, Chen Y, Yang X, et al. Detection of plasma
exosomal miRNA-205 as a biomarker for early diagnosis and an adjuvant indi-
cator of ovarian cancer staging. J Ovarian Res. 2022;15:27.

125. Qin T, Chen F, Zhu J, Ding Y, Zhang Q. Advances in exosomal microRNAs and
proteins in ovarian cancer diagnosis, prognosis, and treatment. Curr Mol Med.
2023;23:13–35.

126. Chen Q, Li Z, Xu Z, Chen C, Wang J, Zhu J, et al. miR-378d is involved in the
regulation of apoptosis and autophagy of and E2 secretion from cultured
ovarian granular cells treated by sodium fluoride. Biol Trace Element Res.
2021;199:4119–28.

127. Song W, Zeng Z, Zhang Y, Li H, Cheng H, Wang J, et al. CircRNF144B/miR-342-
3p/FBXL11 axis reduced autophagy and promoted the progression of ovarian
cancer by increasing the ubiquitination of Beclin-1. Cell Death Dis. 2022;13:857.

128. Varga A, Márton É, Markovics A, Penyige A, Balogh I, Nagy B, et al. Suppressing
the PI3K/AKT pathway by miR-30d-5p mimic sensitizes ovarian cancer cells to
cell death induced by high-dose estrogen. Biomedicines. 2022;10:2060.

129. Gu L, Li Q, Liu H, Lu X, Zhu M. Long noncoding RNA TUG1 promotes autophagy-
associated paclitaxel resistance by sponging miR-29b-3p in ovarian cancer cells.
OncoTargets Ther. 2020;13:2007–19.

130. He J, Yu JJ, Xu Q, Wang L, Zheng JZ, Liu L-Z, et al. Downregulation of ATG14 by
EGR1-MIR152 sensitizes ovarian cancer cells to cisplatin-induced apoptosis by
inhibiting cyto-protective autophagy. Autophagy. 2015;11:373–84.

131. Esposito A, Ferraresi A, Salwa A, Vidoni C, Dhanasekaran DN, Isidoro C.
Resveratrol contrasts IL-6 pro-growth effects and promotes autophagy-
mediated cancer cell dormancy in 3D ovarian cancer: role of miR-1305 and of
its target ARH-I. Cancers. 2022;14:2142.

132. Shao Y, Liu X, Meng J, Zhang X, Ma Z, Yang G. MicroRNA-1251-5p promotes
carcinogenesis and autophagy via targeting the tumor suppressor TBCC in
ovarian cancer cells. Mol Ther. 2019;27:1653–64.

133. Yu JL, Gao X. MicroRNA 1301 inhibits cisplatin resistance in human ovarian
cancer cells by regulating EMT and autophagy. Eur Rev Med Pharmacol Sci.
2020;24:1688–96.

134. Gan X, Zhu H, Jiang X, Obiegbusi SC, Yong M, Long X, et al. CircMUC16 pro-
motes autophagy of epithelial ovarian cancer via interaction with ATG13 and
miR-199a. Mol Cancer. 2020;19:1–13.

135. Hu Z, Cai M, Zhang Y, Tao L, Guo R. miR-29c-3p inhibits autophagy and cisplatin
resistance in ovarian cancer by regulating FOXP1/ATG14 pathway. Cell Cycle.
2020;19:193–206.

136. Vescarelli E, Gerini G, Megiorni F, Anastasiadou E, Pontecorvi P, Solito L, et al.
MiR-200c sensitizes Olaparib-resistant ovarian cancer cells by targeting Neuro-
pilin 1. J Exp Clin Cancer Res. 2020;39:1–15.

137. Wang Z, Pu T, Gao Y, Gao J, Xu C. Olaparib increases chemosensitivity by
upregulating miR-125a-3p in ovarian cancer cells. J Nat Prod. 2023;87:58.

138. Esposito A, Ferraresi A, Salwa A, Vallino L, Garavaglia B, Maheshwari C, et al. MiR-
1305 is a novel oncomIRNA that promotes Ovarian Cancer Cell Proliferation by
interfering with autophagy-mediated cancer cell dormancy. Cancer Lett.
2024;581:216560.

139. Qin K, Zhang F, Wang H, Wang N, Qiu H, Jia X, et al. circRNA circSnx12 confers
Cisplatin chemoresistance to ovarian cancer by inhibiting ferroptosis through a
miR-194-5p/SLC7A11 axis. BMB Rep. 2023;56:184.

140. Wu Y, Xu M, Feng Z, Wu H, Wu J, Ha X, et al. AUF1-induced circular RNA
hsa_circ_0010467 promotes platinum resistance of ovarian cancer through miR-
637/LIF/STAT3 axis. Cell Mol Life Sci. 2023;80:256.

141. Zhou Q, Jin X, Wang J, Li H, Yang L, Wu W, et al. 4-vinylcyclohexene diepoxide
induces premature ovarian insufficiency in rats by triggering the autophagy of
granule cells through regulating miR-144. J Reprod Immunol.2023;157:103928.

142. Hashemi M, Mirdamadi MSA, Talebi Y, Khaniabad N, Banaei G, Daneii P, et al.
Pre-clinical and clinical importance of miR-21 in human cancers: Tumorigenesis,
therapy response, delivery approaches and targeting agents. Pharmacol Res.
2023;187:106568.

143. Gu Y, Fei Z, Zhu R. miR-21 modulates cisplatin resistance of gastric cancer cells
by inhibiting autophagy via the PI3K/Akt/mTOR pathway. Anti-cancer Drugs.
2020;31:385–93.

144. Liu S, Bu Q, Tong J, Wang Z, Cui J, Cao H, et al. miR-486 responds to apoptosis
and autophagy by repressing SRSF3 expression in ovarian granulosa cells of
dairy goats. Int J Mol Sci. 2023;24:8751.

145. Han Q, Tan S, Gong L, Li G, Wu Q, Chen L, et al. Omental cancer‐associated
fibroblast‐derived exosomes with low microRNA‐29c‐3p promote ovarian can-
cer peritoneal metastasis. Cancer Sci. 2023;114:1929.

146. Shao Y, Li H, Wu Y, Wang X, Meng J, Hu Z, et al. The feedback loop of AURKA/
DDX5/TMEM147-AS1/let-7 drives lipophagy to induce cisplatin resistance in
epithelial ovarian cancer. Cancer Lett. 2023;565:216241.

147. Liu Y, Ke Y, Qiu P, Gao J, Deng G. LncRNA NEAT1 inhibits apoptosis and
autophagy of ovarian granulosa cells through miR-654/STC2-mediated MAPK
signaling pathway. Exp Cell Res. 2023;424:113473.

148. Xing Y, Cui D, Wang S, Wang P, Xing X, Li H. Oleuropein represses the radiation
resistance of ovarian cancer by inhibiting hypoxia and microRNA-299-targetted
heparanase expression. Food Funct 2017;8:2857–64.

149. Su X, Wang B, Zhang B, Pan S. MiR-588 acts as an oncogene in ovarian cancer
and increases the radioresistance of ovarian cancer cells. J Radiat Res.
2023;64:558–68.

150. Sun Y, Peng YB, Ye LL, Ma LX, Zou MY, Cheng ZG. Propofol inhibits pro-
liferation and cisplatin resistance in ovarian cancer cells through regulating
the microRNA‑374a/forkhead box O1 signaling axis. Mol Med Rep.
2020;21:1471–80.

151. Zhu M, Yang L, Wang X. NEAT1 knockdown suppresses the cisplatin resistance
in ovarian cancer by regulating miR-770-5p/PARP1 axis. Cancer Manag Res.
2020;12:7277–89.

152. Xia B, Zhao Z, Wu Y, Wang Y, Zhao Y, Wang J. Circular RNA circTNPO3 regulates
paclitaxel resistance of ovarian cancer cells by miR-1299/NEK2 signaling path-
way. Mol Ther-Nucleic Acids. 2020;21:780–91.

153. Huang W, Chen L, Zhu K, Wang D. Oncogenic microRNA-181d binding to OGT
contributes to resistance of ovarian cancer cells to cisplatin. Cell Death Discov.
2021;7:379.

154. Feng L, Shen F, Zhou J, Li Y, Jiang R, Chen Y. Hypoxia-induced up-regulation of
miR-27a promotes paclitaxel resistance in ovarian cancer. Biosci Rep.
2020;40:BSR20192457.

155. Wu J, Zhang L, Wu S, Yi X, Liu Z. miR-194-5p inhibits SLC40A1 expression to
induce cisplatin resistance in ovarian cancer. Pathol-Res Pract.
2020;216:152979.

ACKNOWLEDGEMENTS
The figures were created with BioRender.com.

AUTHOR CONTRIBUTIONS
YMD and XH drafted and revised the manuscript. RBW, and XZG provided guidance,
and supervised the overall manuscript. TJ and CQ gave some valuable suggestions
and prepared the figures. All authors made a substantial, direct and intellectual
contribution to the review. All authors read and approved the final manuscript.

FUNDING
This study was supported by 2023 Lianyungang Maternal and Child Health Research
Project (grant number F202314), Cancer Prevention and Control Science and
Technology Development Program Project of Lianyungang (grant numbers
MS202306 & QN202304), Science and Technology Bureau Key R&D Program (Social
Development) Project of Lianyungang City (grant number SF2224) and Jiangsu
Provincial Double-Innovation Doctor Program (grant no. JSSCBS20221623).

COMPETING INTERESTS
The authors declare no competing interests.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
This review did not require ethical approval.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Xuzhu Gao or
Rongbin Wei.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Y. Ding et al.

14

Cell Death and Disease          (2024) 15:314 

http://www.nature.com/reprints
http://www.nature.com/reprints


Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Y. Ding et al.

15

Cell Death and Disease          (2024) 15:314 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The emerging roles of miRNA-mediated autophagy in ovarian�cancer
	Facts
	Open questions
	Introduction
	Molecular mechanisms of autophagy
	Induction
	Vesicle nucleation
	Vesicle elongation
	Autophagosome maturation and lysosome�fusion
	Degradation, recycling, and autophagic lysosome reformation

	Interrelation between miRNAs and autophagy
	Regulation of autophagy by�miRNAs
	The regulation of induction phase by�miRNAs
	The regulation of vesicle nucleation phase by�miRNAs
	The regulation of the vesicle elongation phase by�miRNAs
	The regulation of autophagosome maturation and lysosome fusion phase by�miRNAs
	The regulation of autophagic lysosome reformation phase by�miRNAs

	Regulation of miRNAs by autophagy

	Roles of autophagy-related miRNAs in ovarian�cancer
	Cellular context-dependent functions of miRNAs in ovarian�cancer
	Dual roles of autophagy in�cancer
	Involvement of miRNAs and autophagy in cancer biology
	Cell survival and proliferation
	Cell metabolism
	Angiogenesis
	Cancer cell migration and metastasis


	Autophagy-related miRNAs and their response to ovarian cancer therapy
	Response to radiotherapy
	Response to chemotherapy
	Preclinical or clinical�trials

	Conclusion and prospection
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Ethics approval and consent to participate
	ADDITIONAL INFORMATION




