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The role of microRNAs in cell death pathways
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MicroRNAs (miRNAs) are a class of noncoding RNAs that negatively regulate target messenger
RNAs. In multicellular eukaryotes, numerous miRNAs perform basic cellular functions, including
cell proliferation, differentiation, and death. Abnormal expression of miRNAs weakens or modifies
various apoptosis pathways, leading to the development of human cancer. Cell death occurs in
an active manner that maintains tissue homeostasis and eliminates potentially harmful cells
through regulated cell death processes, including apoptosis, autophagic cell death, and necroptosis. In this review, we discuss the involvement of miRNAs in regulating cell death pathways in
cancers and the potential therapeutic functions of miRNAs in cancer treatment.
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Introduction
MicroRNAs (miRNAs or miRs) are small (20–23 nucleotides)
noncoding RNAs that negatively regulate messenger RNAs
(mRNA) expression by blocking translation or by directly promoting degradation of the target mRNA [1]. It is estimated that miRNAs regulate approximately 30% of the protein-coding genes in
humans. Individual miRNAs can regulate the expression of multiple genes, and conversely, a single target gene can be regulated by
many miRNAs [1].
More than half of the miRNA genes are commonly located in introns. miRNAs are produced by endogenously transcribed long
primary miRNA (pri-miRNA) by RNA polymerase (Pol) II or Pol
III and show a typical mRNA form with a 5'-cap structure and a 3'poly (A) tail [2,3]. The pri-miRNAs are further processed into a
hairpin-shaped structure, 60 to 100 nucleotides in length, known
as precursor miRNA (pre-miRNA) by the nuclear RNase III Drosha. This nuclear processing event is site- specific and critical for
determining the mature miRNA sequence. After being exported to
the cytoplasm by double-stranded RNA-binding proteins (exportin-5), pre-miRNAs undergo a final processing event by RNase III
family enzymes (Dicer) to form a 20-nucleotides miRNA duplex.

These mature miRNA duplexes are unwound and the mature
strand is incorporated into the RNA-induced silencing complex
(RISC) together with an Argonaute (AGO) protein, subsequently
forming an active RISC complex [4]. This complex binds to specific mRNA with a complementary sequence, usually in the 3'-untranslated regions (UTRs) of mRNAs to trigger mRNA silencing
by translational repression or degradation [5,6]. In general, miRNAs partially base pair with the sequence of the 3'-UTRs of the
target mRNAs. This partial complementarity often facilitates
translational repression [7]. In contrast, perfect or near-perfect
complementary miRNA-mRNA interaction induces the cleavage
of mRNA through AGO endonuclease activity, exerting a strong
repressive effect on target mRNA expression [8].
The modulation of miRNAs including suppressing the oncogenic miRNAs (oncomiRs) and replacing the deficient tumor-suppressive miRNAs (oncosuppressor miRs) in cancer cells may be a
reliable tool to improve cancer therapy [9]. miRNAs are involved
in many biological processes, such as cell proliferation, cell death,
and tumorigenesis. In addition, regulation of gene expression by
miRNAs is important for cellular responses to environmental
stresses such as starvation, hypoxia, oxidative stress, and DNA
damage. miRNAs can strongly affect the expression of various cell
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death-related genes such as pro- and antiapoptotic genes, autophagy regulation genes, endoplasmic reticulum (ER) stress genes,
and/or necroptosis-related genes [10]. Abnormal expression of
miRNAs associated with cell death pathways can affect physiological conditions and promote disease, including carcinogenesis [11].
Numerous miRNAs can function as oncogenes or tumor suppressors, and it is widely accepted that dysregulation of miRNA expression is closely related to the initiation, progression, and metastasis of cancer. An aberrant miRNA expression is a common event
in malignant tissues compared to that in their normal counterparts
because many miRNAs are frequently located at vulnerable sites in
the human genome, causing gene amplification and deletion, chromosomal rearrangement, and epigenetic changes [11].
miRNAs are classified as oncomiRs or oncosuppressor miRs,
which specifically target oncogenes and tumor-suppressor genes,
respectively. Generally, oncomiRs are overexpressed, while oncosuppressor miRs are underexpressed in cancers [12]. OncomiRs
are associated with specific cancer forming (oncogenic) events, including carcinogenesis, malignant transformation, and metastasis.
Abnormal expression of these miRNAs favors uncontrolled proliferation and survival, promotes invasive behavior, and contributes
to tumor initiation and progression by regulating cell death. Oncosuppressor miRs generally prevent tumor development by suppressing oncogenes and/or genes that control cell differentiation
or cell death. Oncosuppressor miRs can be downregulated as a result of deletions, epigenetic silencing, or loss of transcription factor
expression.
Despite global dysregulation, most miRNA expression is globally suppressed in cancer tissues compared to that in normal tissue
counterparts [13]. Genetic deletion of the miRNA-processing machinery causes global depletion of miRNAs, which favors cell
transformation and tumorigenesis in vivo [14]. This indicates that
miRNA alterations play a causative role in the development of cancer, not just the effect of tumorigenesis [15]. In this review, we discuss the recent progress in the understanding of miRNA function
in the regulation of apoptosis, autophagy, ER-stress-mediated cell
death, and necroptosis in cancer cells.

The role of microRNAs in apoptotic pathways
Apoptosis is a programmed cell death that is precisely coordinated
by genes and plays an important role in maintaining cellular homeostasis. Apoptosis occurs physiologically in cells that are no longer needed, as observed during many developmental processes.
Apoptosis also occurs when cells commit a regulated suicide for
the overall benefit of the organism in pathological situations such
as infections, neoplasm formation, and irreversible cell damage.
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The two main types of apoptotic pathways are “intrinsic pathways”
and “exogenous pathways” [16,17]. The intrinsic apoptotic pathway receives signals to destroy cells from one of its genes or proteins due to the detection of DNA damage. In the extrinsic apoptotic pathway, cells receive signals from other cells in the organism
or from outside the cell, instructing it to commit programmed cell
death. The extrinsic and intrinsic pathways can be linked by different signaling pathways to common pathways, for example, by Bid,
a BH3 domain-containing protein of B-cell lymphoma 2 (Bcl-2).
The truncated Bid trigger switches from the external to the internal
signaling pathway [18].
The extrinsic pathway transmits extracellular death signals by
the cell-surface death receptor (DR), leading to the formation of
the death-inducing signaling complex (DISC) [19]. DRs belong to
the tumor necrosis factor (TNF)/nerve growth factor superfamily.
DRs possess the death domain (DD), death effector domain, the
transmembrane domain, and cysteine-rich motifs [20]. There are
six mammalian DRs (TNF receptor 1 [TNFR1], Fas, DR3, DR4
[TNF-related apoptosis-inducing ligand receptor 1, TRAILR1],
DR5 [TRAILR2], and DR6) [21,22].
The intrinsic pathways are regulated by the release of cytochrome c from mitochondria or loss of the mitochondrial membrane potential. The release of cytochrome c into cytosol triggers
the activation of caspase-3 through the formation of the apoptosome [23]. Anti-cancer drug-induced caspase activation may be
initiated through an extrinsic pathway or the intrinsic mitochondrial pathway [24]. Caspases play an essential role in apoptotic signaling pathways. Caspases are of two types; initiator caspases and executioner caspases. The initiator caspases (caspase-2, -8, -9, and
-10) are responsible for the conversion of the inactive form of the
executor caspase into the active form. Executioner caspases
(caspase-3, -6, and -7) directly trigger the apoptotic process in cells
[25]. For example, caspase-8 induces cell death through caspase-3
activation, an important primary caspase in the intrinsic and extrinsic pathways of apoptosis [26]. Mitochondrial damage resulting from drug-induced apoptosis is often accompanied by the release of cytosolic cytochrome c from the mitochondria. X-linked
inhibitor of apoptosis protein (XIAP), a member of the inhibitor
of apoptosis family of proteins, is a protein that inhibits apoptotic
cell death by inhibiting caspase-3, -7, and -9 activations [27]. Additionally, Mcl-1(L), a Bcl-2 family protein that inhibits apoptosis, and
cellular FLICE (Fas associated with death domain [FADD]-like
interleukin-1β-converting enzyme)-inhibitory protein (c-FLIP),
an antiapoptotic protein that inhibits apoptosis receptor-mediated
apoptosis signaling pathway, are important miRNA targets
[28,29].
Many miRNAs are involved in extrinsic signaling pathways.
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miR-7 is a specific sensitizer for TRAIL-mediated apoptosis in
glioblastoma multiforme and hepatocellular carcinoma cells [30].
miR-590 is regulated via the signal transducer and activator of transcription 5 (STAT5) pathway and targets Fas ligand (FasL) to promote cell survival in human acute myelogenous leukemia cells
[31]. miR-21 is a direct target of FasL in pancreatic cancer, and its
ectopic expression protects cancer cells from gemcitabine-mediated apoptosis [32]. miR-20a inhibits the expression of Fas in osteosarcoma cells, thereby facilitating the survival of tumor cells and
enhancing their metastatic capacity [33]. Besides, miR-146a and
miR-196b inhibit Fas expression, and ectopic expression of miR196b causes rapid leukemia [34,35]. In addition, the expression of
miR-196b-5p has been shown to possess a significant negative correlation with the expression of Fas in non-small cell lung cancer
(NSCLC) [35]. miR-25, which has been observed to directly target DR4 and protect against TRAIL-mediated apoptosis, is upregulated in intrahepatic bile duct cancer [36]. FADD is regulated by
miR-128a or miR-155. The expression level of miR-128a is increased in acute lymphoblastic leukemia. The ectopic expression
of miR-128a enhances Fas resistance in Jurkat cells by targeting
FADD, but antagonizing miR-128a sensitizes Fas-mediated apoptosis [37]. Curcumin induces A549 cell apoptosis through downregulation of miRNA-186* expression that targets caspase-10,
which is homologous to caspase-8 [10,38]. c-FLIP is a major antiapoptotic protein and an important chemotherapy resistance factor
[39]. miR-708 negatively regulates the expression of c-FLIP and
enhances the sensitivity of renal cancer cells to various apoptotic
stimuli [40]. miR-378, miR-155, and miR-let-7a can regulate cancer cell apoptosis via target caspase-3 [41]. miR-106b is associated
with the recurrence of prostate cancer and directly targets
caspase-7 [42]. miR-133 and miR-24a directly suppress caspase-9
to regulate apoptosis in pancreatic cancer cells [43].
In the intrinsic apoptotic pathway, apoptotic regulator genes are
also regulated by many different miRNAs. miR-365 has been
shown to directly target Bcl-2-like protein 4 (Bax) and the adaptor
protein Src homology 2 domain-containing 1 (SHC1) in lung adenocarcinoma and lung cancer cell lines [44]. miR-125b is significantly downregulated in gastric cancer cells. However, overexpression of miR-125b inhibits proliferation, migration, and invasion in
gastric cancer cell lines (HGC-27 and MGC-803) [45]. miR-148a
and miR-204 induce apoptosis by negatively targeting Bcl-2 at the
posttranscriptional level [46,47]. In prostate cancer cell lines, ectopic expression of miR-204 has been shown to decrease cell viability
and promote apoptosis through the downregulation of Bcl-2 expression [47]. miR-608 directly targets Bcl-extra large (Bcl-xL)
and significantly inhibits chordoma cell proliferation by inducing
apoptosis [48]. miR-23a/b and miR-27a/b can target apoptotic
https://doi.org/10.12701/yujm.2020.00836

protease activating factor 1 (Apaf1) and thereby control the sensitivity of neurons to apoptosis [49]. The miRNAs that regulate
apoptosis are summarized in Fig. 1.

The role of microRNAs in endoplasmic
reticulum stress pathways
Since the ER is involved in the localization and folding of intracellularly secreted transmembrane proteins, the accumulation of unfolded proteins in cells causes cellular stress and leads to a specific
ER response called the unfolded protein response (UPR) [50].
UPR is regulated by three sensor proteins; protein kinase RNAlike ER kinase (PERK), inositol-requiring enzyme 1 (IRE1), and
activating transcription factor (ATF) 6 [51]. When ER stress is increased, the sensor initiates an adaptive response, including induction of ER chaperone proteins and inhibition of protein synthesis.
UPR shows a cascade pattern that activates protein synthesis inhibition and induction of ER stress-related gene expression. If the
adaptive response fails to alleviate ER stress and goes beyond what
the cell can tolerate, both the intrinsic and extrinsic apoptotic pathways can become activated to remove the stressed cells [52]. Players involved in apoptosis include IRE1α, PERK, and ATF6 [53].
PERK hyperactivation can upregulate the CCAAT-enhancer-binding protein homologous protein (CHOP, also known as growth arrest and DNA damage 153) transcription factor. CHOP inhibits
the expression of antiapoptotic Bcl-2 and upregulates proapoptotic
BIM and DR5 [53]. Hyperactivated IRE1α activates apoptosis signal-regulating kinase 1 (ASK1) and its downstream target c-Jun
NH2-terminal kinase ( JNK). Phosphorylated JNK activates
proapoptotic BIM and inhibits antiapoptotic Bcl-2. ATF6 likely
has proapoptotic targets such as apoptotic factors caspase-12, -9,
and -3 [54].
miR-199a-5p directly binds to the binding sites of GRP78,
ATF6, and IRE1α [55]. PERK has been reported to be a direct target of miR-204, which increases ER stress-induced cell death in
β-cells; however, ATF6 and IRE1α are not affected by miR-204
[56]. Interestingly, PERK induces miR-483 expression, which is
associated with the activation of ATF4, but not CHOP [57]. A recent study showed that miR-7112-3p directly targets PERK and
regulates the ER stress signaling pathway (activation of the PERK/
ATF4/CHOP/caspase cascade) and apoptosis in colorectal cancer CX-1 cells [58]. Besides, colorectal cancer tissues show high
expression of miR-7112-3p [58]. The enforced expression of active ATF6 decreases the expression of miR-455 [59]. miR-702 directly regulates ATF6, which inhibits apoptosis in cultured cardiomyocytes treated with isoproterenol [60]. IRE1α cleaves miR-17,
miR-34a, miR-96, and miR-125b during ER stress to suppress the
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Fig. 1. MicroRNAs (miRs) that regulate the apoptotic signaling pathways. The yellow box indicates the components of the extrinsic
apoptotic signaling pathway. When a death ligand binds to a death receptor (DR), an exogenous pathway is initiated. The light green box
indicates the components of the intrinsic pathway. Activation of the intrinsic pathway or mitochondrial pathway releases cytochrome c
into the cytoplasm. TRAIL, tumor necrosis factor (TNF)-related apoptosis-inducing ligand; FasL, Fas ligand; TNFR, TNF receptor 1; FADD,
Fas-associated death domain protein; c-FLIP, cellular FLICE (FADD-like IL-1β-converting enzyme)-inhibitory protein; Bid, BH3 interactingdomain death agonist; tBid, truncated Bid; Smac, second mitochondria-derived activator of caspases, also referred to as DIABLO; Bak,
Bcl-2 homologous antagonist killer; Bax, Bcl-2-like protein 4; Bcl-2, B-cell lymphoma 2; Bcl-xL, B-cell lymphoma-extra large; XIAP,
X-linked inhibitor of apoptosis; Apaf1, apoptotic protease activating factor 1.

translation of proapoptotic caspase-2 [61]. ER stress-induced
apoptosis is mediated via caspase-2, which is also regulated by
IRE1α [62]. PERK-dependent expression of miR-30c-2p inhibits
X box-binding protein 1 (XBP1) and nuclear factor kappa-lightchain-enhancer of activated B cells (NF-κB), and overexpression of
miR-30c-2-3p exerts a proapoptotic effect by reducing the translation of XBP1 under ER stress conditions [63]. CHOP controls
miR-708 transcription during prolonged ER stress [64]. miR-211
is an antiapoptotic miRNA that regulates CHOP expression in a
PERK- and ATF4-dependent manner [65] (Fig. 2).

The role of microRNAs in necroptotic cell
death pathways
Necroptosis is a programmed form of necrosis or inflammatory
cell death. Even if necroptosis inhibits caspase activity, cell suicide
occurs in a caspase-independent manner. When caspases are inactivated in cells, receptor-interacting protein (RIP) 1 is phosphory110

lated by TNF-α and then interacts with RIP3 to induce necroptosis
[66]. In this signaling pathway, when TNF-α stimulates TNFR1,
TNFR1-associated DD protein (TRADD) and TNF receptor-associated factor 2 (TRAF2) send signals to receptor-interacting serine/threonine-protein kinase (RIPK) 1, finally recruiting RIPK3
to form a necrosome. The RIP1 inhibitor necrostatin-1 (nec-1)
has been demonstrated to prevent the death of TNF-α-treated
FADD-deficient Jurkat cells [67,68]. Apoptosis-inducing factor
(AIF) is transferred from the mitochondria to the cytoplasm and
nucleus and induces caspase-independent chromatinolysis [69].
Necroptosis is not only associated with diseases but also with inflammatory diseases such as pancreatitis and Crohn disease [70].
Several miRNAs are known to regulate necroptosis signaling
pathways. Deubiquitinase cylindromatosis (CYLD) is an important deubiquitinating enzyme involved in apoptosis or necroptosis
signaling pathways. CYLD is directly targeted by miR-181b-1 and
miR-19, which leads to inflammation and tumor progression
[71,72]. Moreover, miR-874 and miR-512-3p have been reported
https://doi.org/10.12701/yujm.2020.00836
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Fig. 2. MicroRNAs (miRNAs or miRs) that regulate the endoplasmic reticulum (ER) stress pathways. Various miRNAs play a role in survival
or apoptosis under ER stress conditions. A critical step in unfolded protein response (UPR) signaling is the initial detection of ER stress.
PERK, ATF6, and IRE1α possess UPR sensors that are activated by ER stress. BIP, binding immunoglobulin protein, also known as GRP78;
PERK, protein kinase RNA-like ER kinase; ATF, activating transcription factor; IRE1α, inositol-requiring enzyme 1 alpha; EIF2α, eukaryotic
initiation factor 2 alpha; CHOP, CCAAT-enhancer-binding protein homologous protein; XBP1, X box-binding protein 1.

to regulate necroptosis by targeting caspase-8, which is involved in
the transition between apoptosis and necroptosis [73,74]. miR128a and miR-155 regulate the activity of the adapter protein
FADD [37,75]. miR-21 has been shown to act as a pro-necroptosis
oncogene through the regulation of RIP1/3-mediated necroptosis
[76]. miR-92a-3p is known to be involved in apoptosis or necrosis,
which is a member of the miR-17-92 cluster. In addition, miR-92a3p has been shown to significantly increase cell growth and colony
formation in renal cancer cells [77] (Fig. 3).

The role of microRNAs in autophagy
pathways
Autophagy is a basic catabolic process that occurs in response to
starvation or other stressful conditions. Autophagy encloses dysfunctional, misfolded, or aggregated proteins and damaged cellular
components (e.g., mitochondria, ER, and peroxidants) in double-membrane vesicles called autophagosomes, which eventually
https://doi.org/10.12701/yujm.2020.00836

digest them by lysosomal enzymes and use them for cellular metabolism again [78]. Autophagy involves several key steps for the
final degradation of cellular components in lysosomes; sequestration, transport to lysosomes, degradation, and utilization of degradation products. Each step is tightly regulated by evolutionarily
conserved autophagy-related (ATG) genes [79].
Autophagy regulates intracellular homeostasis through the cytoplasmic turnover of proteins and organelles. In some cases, autophagy dysfunction can have various pathological consequences, including cancer, neurodegeneration, cardiovascular disorders, and
microbe infection. Impaired autophagic signaling pathways are frequently observed in cancer patients. In cancer cells, autophagy has
been referred to as a ‘double-edged sword’ because it increases
apoptotic cell death [80] and maintains tumor cell survival in response to metabolic stress in vitro [81]. Since the mechanisms that
regulate dual opposed survival-supporting and death-promoting
roles of autophagy are still far from resolution, it seems necessary
to understand the mechanisms that precisely regulate each step of
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Fig. 3. MicroRNAs (miRs) that regulate necroptotic signaling pathways. Necroptosis is stimulated by TLR, IFNR, and TCR, which are
members of the tumor necrosis factor (TNF) receptor superfamily. Extrisic stimili such as cellular stress, damage, and infection activated
TNFR1, which can lead to cell survival, apoptosis, or necroptosis. cIAP1 and cIAP2 ubiquitinate RIP1, whereas CYLD deubiquitinates RIP1.
MLKL is a critical substrate of RIP3 during the induction of necroptosis. TNFR1, TNF-α receptor 1; CYLD, cylindromatosis; TRAF2, TNF
receptor-associated factor 2; RIP1, receptor-interacting protein kinase 1; TRADD, TNFR1-associated death domain protein; c-IAP1/2,
cellular inhibitor of apoptosis protein 1/2; IKK, IκB kinase; NF-κB, nuclear factor kappa-light-chain-enhancer of activated B cells; FADD,
Fas-associated protein with death domain; TLRs, toll-like receptors; TCR, T-cell receptor; IFNRs, interferon receptors; c-FLIP, cellular FLICE
(FADD-like interleukin-1β-converting enzyme) inhibitory protein; MLKL, mixed lineage kinase domain-like; PGAM5, phosphoglycerate
mutase 5; Drp1, dynamin-related protein 1.

autophagy to design novel intervention strategies against cancers.
One of the key downstream effectors of autophagy is the mammalian target of rapamycin (mTOR) that coordinates eukaryotic
cell growth and metabolism in the presence of growth factors and
abundant nutrients [82]. mTOR is well known to regulate cell
growth, proliferation, metastasis, and transcription factors. It is associated with two distinct protein complexes, mTOR complex
(mTORC) 1/2 [83]. The three important elements of mTORC1
are mTOR, regulatory-associated protein of mTOR (Raptor), and
mammalian lethal with Sec13 protein 8 (mLST8), also known as
GßL. In addition, mTORC1 contains two inhibitory elements;
proline-rich Akt substrate of 40 kDa (PRAS40) and DEP domain-containing mTOR interacting protein (DEPTOR).
mTORC2 contains rapamycin-insensitive companion of mTOR
112

(Rictor), a protein that performs similar functions in mTORC2 instead of Raptor. mTORC2 also contains DEPTOR and inhibitory
elements mSin1 and Protor1/2. It has been found that the rapamycin complex directly inhibits mTORC1, but mTORC2 is unresponsive to rapamycin treatment [83,84]. Since the mTOR signaling pathway is activated in various cancers, specifically targeting
the mTOR pathway via miRNA is a cancer treatment strategy. It is
possible to search for various miRNAs that inhibit mTOR signaling in cancer cells, increase the effectiveness of mTORC1/2 inhibitors, and improve the effectiveness of cancer treatment.
miR-99a targets mTOR, which reduces tumorigenesis in lung
cancer cells [85]. miR-193a-5p directly targets phosphoinositide-3-kinase regulatory subunit 3 (PIK3R3) and mTOR to inactivate the AKT/mTOR signaling pathway and suppress NSCLC
https://doi.org/10.12701/yujm.2020.00836
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Fig. 4. miRNAs involved in the autophagy pathways. Autophagy occurs under a variety of conditions, such as cell growth signaling,
glucose deficiency, hypoxia, genotoxicity, and endoplasmic reticulum (ER) stress, and activates signaling pathways that initiate or inhibit
the autophagy cascade. The mTOR and AMPK proteins are important regulators of the autophagy pathway. mLST8, mammalian lethal
with Sec13 protein 8, also referred to as GβL; mTOR, mammalian target of rapamycin; Raptor, regulatory-associated protein of mTOR;
mTORC1, mTOR complex 1; ULK, Unc-51-like kinase; AMPK, AMP-activated protein kinase; TAK1, transforming growth factor β-activated
kinase 1; ATG4, autophagy-related 4 cysteine peptidase; LC3, microtubule-associated proteins 1A/1B light chain 3B; AMP, adenosine
monophosphate; ATP, adenosine triphosphate; LKB1, liver kinase B1; CAMKKβ, calcium/calmodulin kinase kinase beta; eIF2α, eukaryotic
initiation factor 2 alpha; DAPK, death-associated protein kinase.

metastasis [86]. Moreover, miR-199a-3p regulates mTOR and
c-Met to inhibit invasion and enhance doxorubicin sensitivity in
hepatocarcinoma cells [87]. Downregulation of miR-148b is associated with poor survival in NSCLC [88]. In pancreatic cancer, it
has been observed that miR-148b is a direct target of adenosine
monophosphate-activated protein kinase (AMPK) α1 that inhibits
cell proliferation and invasion, and enhances chemosensitivity
[89]. miR-26b directly suppresses transforming growth factor
β-activated kinase 1 (TAK1) and other factors to enhance chemosensitivity [90]. ATG4C, an ATG4 family member, has been observed to decrease the expression of miR-376b [91]. Moreover,
miR-101 directly targets ATG4D, an ATG4 family member, which
acts as a potential inhibitor of rapamycin- or etoposide-induced autophagy [92]. miR-204 interferes with autophagy and inhibits the
growth of renal clear cell carcinoma [93]. In addition, miR-204 directly targets ATF2 to suppress cell proliferation and autophagy
and induce apoptosis of NSCLC [94]. In pancreatic cancer cells,
ATF12 expression is inhibited by miR-23b, which decreases autohttps://doi.org/10.12701/yujm.2020.00836

phagic activity and suppresses radio-resistance [95]. Additionally,
miR-630 is considered to be a target of ATG12 [96]. Beclin-1, the
main component of the class III phosphatidylinositol 3-kinase
(PI3K-III) complex, is negatively regulated by miR-376b, miR30a, and miR-216a, which leads to decreased autophagic activity
[91,97-99]. Death-associated protein kinase (DAPK) is a wellknown proapoptotic and suppressor of metastasis. DAPK is a direct target of miR-103 that promotes colorectal cancer metastasis
[100] (Fig. 4).

Conclusion
In this review, we have summarized and discussed how miRNAs
regulate apoptosis, ER stress, necroptosis, and autophagy by targeting a wide range of components of these pathways and documented the aberrant expression of miRNAs in cancer and the oncogenic or tumor-suppressor roles of miRNAs. miRNAs discussed in
this review could be used as promising diagnostic and prognostic
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biomarkers as well as effective therapeutic targets for various cancers. However, further studies are needed to improve knowledge
about the mechanisms and functions of miRNAs in various programmed cell death pathways in cancer cells. In addition, it is necessary to determine the best formulation and precise drug delivery
system to target cancerous tissues while avoiding unwanted miRNA effects that can result from targeting important genes in other
healthy tissues. Finally, the selected miRNAs should have the potential to intervene and modify cell physiology and behavior in
many human pathologies, including the deregulation of the cell
death machinery.
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