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A B S T R A C T   

Normal cells depend on autophagy to maintain cellular homeostasis by recycling damaged organelles and mis
folded proteins and degrading toxic agents. Similar to apoptosis, targeting autophagy has been under attention in 
cancer therapy. However, autophagy has both pro-survival and pro-death functions in tumors, and its targeting 
requires further elucidation. The current review focuses on using nanoparticles for targeting autophagy in cancer 
treatment. Nanocarriers can deliver autophagy regulators along with chemotherapeutic agents leading to 
intracellular accumulation in cancer cells and synergistic cancer therapy. Furthermore, genetic tools such as 
siRNA and shRNA can be used for targeting molecular components that regulate autophagy, such as the ATG12- 
ATG5-ATG16L1 complex. A number of nanostructures, such as gold and zinc oxide nanoparticles, can be used to 
enhance oxidative stress-mediated apoptosis and autophagy, reducing cancer progression. Further, using 
nanoparticles to modulate autophagy potentiates the anti-tumor effects of cisplatin and gefitinib during 
chemotherapy. Polymeric nanoparticles, lipid-based nanostructures and carbon-based nanomaterials are among 
other nanoparticles capable of regulating autophagy in cancer cells. Of note, various regulatory components of 
autophagy such as ATGs, Beclin-1 and LC3-II can be affected by nanomaterials. Based on the role of 
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nanomaterial-induced autophagy as pro-survival or pro-death, further targeting can potentiate the fight against 
cancer cells.   

1. Introduction 

Cells are continuously exposed to various intracellular and extra
cellular stressors, requiring strategies or mechanisms to maintain ho
meostasis and prevent cell death [1]. Macroautophagy, referred to here 
as autophagy, is responsible for the degradation of damaged organelles 
and misfolded proteins, decomposition of macromolecules such as pro
teins and the response to intracellular and extracellular stimuli [2–6]. 
Eukaryotic cells rely on autophagy's housekeeping functions for regu
lating cellular homeostasis [7]. Hence, autophagy occurs constitutively 
at low levels in the cell [8]. However, autophagy can be further induced 
at higher levels to maintain normal cellular function in response to 
stressful stimuli such as oxidative or metabolic stress [9–12]. Autophagy 
is a highly-conserved eukaryotic process that functions to degrade and 
recycle cellular components [13]. This process involves the formation of 
double-membrane vesicles called autophagosomes which sequester 
pathogens, cytoplasmic organelles, proteins and macromolecules [14]. 
The formed autophagosome fuses with acidic lysosomes, which function 
to degrade and recycle the cargo into metabolites that can be used as 
biosynthetic precursors for the cell [15–17]. Autophagy is vital for 
normal cell function, and its dysfunction can lead to the development of 
various malignancies, including brain dysfunctions [18–20], diabetes 
[21,22], cardiovascular diseases [23–26], viral infection [27–30], and 
more importantly, cancer [31–35]. Therefore, targeting and regulating 
autophagy is essential in disease therapy [36–39]. To date, various 
strategies, with the help of gene therapy or compounds, have affected 
autophagy in disease therapy. Chloroquine [40,41], rapamycin [42] and 
naturally occurring compounds including berberine [20], curcumin [43] 
and resveratrol [44] are examples of agents that have been developed 
for autophagy regulation and disease therapy. Furthermore, autophagy 
can be regulated by targeting genes using technologies such as small 
interfering RNA (siRNA), short-hairpin RNA (shRNA) and CRISPR/Cas9 
system [45–47]. However, there are biological barriers in cancer cells 
that pose a direct challenge in treatment, requiring targeted delivery 
systems to overcome them [48–50]. Moreover, compounds administered 
in autophagy regulation often suffer from poor bioavailability that can 
benefit from the use of nanoparticles for their delivery [51]. Nano
particles have the capacity to regulate autophagy [52,53]. Hence, the 
role of nanoparticles in autophagy regulation and their ability as tar
geted delivery systems should be investigated. In the present review, we 
aim to focus on autophagy regulation by nanoparticles. First, we provide 
an overview of the autophagy machinery, related molecular pathways, 
and its role in oncology. Then, we describe how nanoparticles can be 
used to regulate autophagy for cancer treatment. 

2. Autophagy machinery 

There are three distinct types of autophagy in mammalian cells: 
macroautophagy, microautophagy, and chaperone-mediated autophagy 
(CMA) [54–56]. All of which function to deliver cargo to the lysosome 
for degradation and recycling. Of the three types, macroautophagy 
(simply as autophagy) is the best studied and will be the focus of this 
review. Autophagy is a molecular mechanism for decomposition and 
involves several regulatory proteins [57,58]. Thus, their identification is 
vital for targeted therapeutic strategies aimed at perturbing autophagic 
mechanisms of the cell. Many cellular stressors such as starvation and 
metabolic stress can lead to autophagy activation via overexpression of 
5′-AMP-activated protein kinase (AMPK) and the subsequent induction 
of unc-51-like autophagy-activating kinase (ULK1). The ULK1 is a 
complex containing ULK1, FIP200, autophagy-related gene 13 (ATG13) 
and ATG101. The ULK1 complex induces Beclin-1 expression, which 

leads to the formation of class III phosphoinositide 3-kinase (PI3K) 
VPS34 complex consisting of Beclin-1, VPS34, VPS15 and ATG14L 
[59–61]. This process is a requirement for the initiation of phagophore 
formation. It has been reported that AMPK can suppress the mammalian 
target of rapamycin (mTOR) pathway and induces autophagy [62]. 
Formation of the autophagosome is mediated by lipidation of light chain 
3-I (LC3-I) to form LC3-II. ATG5 and ATG16L1 are directly involved in 
modifying LC3-I and the subsequent emergence of the autophagosome 
machinery [63–66]. Next, the autophagosome fuses with a lysosome. 
This fusion is induced by proteins such as lysosomal-associated mem
brane protein 2 (LAMP2), soluble NSF attachment protein receptors 
(SNAREs), as well as homotypic fusion and protein sorting/vacuolar 
protein sorting complex. A variety of enzymes are required to degrade 
autophagosome cargo, such as proteases, acid phosphatases, lipases and 
nucleases (Fig. 1) [67]. 

Autophagy's dual role as a tumor-promoting and a tumor- 
suppressing factor in cancer cells makes it a particularly complex 
issue, with its ultimate function being context-dependent. One experi
ment may highlight autophagy induction as a promising strategy in 
cancer treatment, while another experiment may suggest autophagy 
inhibition in cancer therapy. Hence, the exact role of autophagy in 
cancer should be determined before regulatory methods are explored 
[67–70]. Autophagy continuously interacts with other cell death types. 
For example, autophagy activation stimulates ferroptosis in pancreatic 
tumors [71]. It is worth mentioning that the type of autophagy taking 
place, either tumor-promoting or tumor-suppressing, determines the 
response of cancer cells to therapy and should be considered in further 
experiments [72]. The inhibition of the PI3K/Akt/mTOR axis by anti- 
tumor compound ziyuglycoside II induces both apoptosis and auto
phagy in colorectal cancer [73]. Another anti-tumor compound, known 
as dihydroartemisin can also stimulate tumor-suppressor autophagy in 
cervical and endometrial cancers [74]. There are interactions between 
autophagy genes and cell cycle regulators such as cyclin-dependent ki
nase 1 (CDK1) and cyclin B. In enhancing cell cycle progression of cancer 
cells, CDK1 can stimulate mitotic autophagy via phosphorylating ULK1/ 
ATG13 complex [75]. Inhibition of tumor-promoting autophagy can be 
induced in hypoxic regions of tumor microenvironment, increasing ra
diation sensitivity of bladder cancer cells [76]. However, this 
complexity illustrates the “double-edged sword” nature of autophagy in 
tumors and autophagy regulation depends on its activity [43,77–83]. 

Based on the experiments, autophagy and apoptosis often occur 
during cancer progression or inhibition [84]. These mechanisms show 
interactions with each other in various tumor cells that need to be 
clarified due to dual function of autophagy and developing novel ther
apeutics in near future. According to new experiments, apoptosis in
duction and stimulating pro-death autophagy can significantly decrease 
survival of glioma cells, as one of the malignant brain tumors [85,86]. 
Autophagy with tumor-suppressor function can boost apoptosis in tumor 
cells. A recent experiment has shown that rapamycin enhances miRNA- 
26-5p expression to down-regulate DAPK1 that is of importance in 
triggering autophagy and subsequent decrease in cell proliferation and 
viability via apoptosis induction. In fact, autophagy induction boosts 
apoptosis in glioma cells [87]. However, pro-survival autophagy may 
prevent apoptosis in tumor cells. Matrine is an anti-tumor agent that 
induces apoptosis in reducing breast cancer progression. Notably, 
matrine simultaneously induces autophagy that functions as a pro- 
survival mechanism in breast cancer [88]. In this case, autophagy in
hibition can be beneficial in promoting cytotoxicity of matrine against 
breast cancer cells [88]. Another experiment reveals role of autophagy 
in potentiating apoptosis in breast cancer [89]. The autophagy and 
apoptosis regulation and interaction can also be observed in lung cancer 
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[90]. Based on a new experiment, down-regulation of Akt and Hedgehog 
molecular pathways by Jervine leads to autophagy-dependent apoptosis 
in lung cancer cells [91]. In bladder cancer, autophagy and apoptosis 
interaction determines therapy response [92] and ROS overgeneration 
by artenusate can induce autophagy-mediated apoptosis in restricting 
bladder cancer progression [93]. A same phenomenon occurs in prostate 
cancer and therefore, autophagy and apoptosis interaction can affect 
proliferation and progression of various tumor cells [94–96]. The 
following sections focus on the use of nanoparticles in autophagy 
regulation and merge the evolving fields of bioengineering and medicine 
concerning cancer treatment. 

3. Pre-clinical models of autophagy 

Animal models have been developed for studying autophagy, an 
emerging target in cancer therapy, and its mechanisms in pre-clinical 
stages. Animal models broaden our understanding of the physiological 
and pathological roles of autophagy. Two kinds of mouse models have 
emerged for examining autophagy in vivo, including “autophagy- 
monitoring mice” and “autophagy-deficient mice”. ATG4b-c KO, TNF-α 
Tg, SumF1 KO, Dram2 KO, Nlrp3 KO, PiK3c3 KO, 2045 and CIEA NOG 
mice have also been developed for investigating autophagy [97–105]. A 
relatively new type of autophagy, known as mitophagy, selectively 
targets mitochondria [106]. Notably, two kinds of mouse models are 
used to investigate mitophagy, including mt-Keima transgenic mice and 
mito-QC transgenic mice [107,108]. In addition to genetic modification 
to produce mouse models for studying autophagy, another method that 
has contributed to understanding the role of selective autophagy in vivo 
is to manipulate specific receptors such as SQSTM1/p62, OPTN and 
BCL2L13 [107,109–111]. However, there are challenges with using in 
vivo mouse models in evaluating autophagy. For instance, living or
ganisms cannot be scrutinized in terms of alterations in organelles to 
monitor autophagy, and experimental manipulation in mammals is 
complex. Thus, zebrafish has emerged as a new model for evaluating 
autophagy, mitophagy and other types of autophagy in vivo [112]. 
Primate models are also of importance for studying autophagy and 
revealing its role in physiological and pathological events. For instance, 
monkey kidney MARC-145 cells have been applied as cell models for 

evaluating toxicity of fumonisin B1 and understanding autophagy 
function. Autophagy inhibition can reduce cell death in monkey kidney 
cells exposed to fumonisin B1 [113]. The primate models are also 
beneficial for evaluating autophagy role in neurological diseases. In 
cynomolgus monkey brains, autophagy level significantly diminishes 
before amyloid plaque formation, showing that autophagy inhibition is 
an important step for neurological disease development in primates 
[114]. A new experiment has used adult Macaca mulatta for autophagy 
activation status and its role in periodontits lesions [115]. Therefore, 
primate models (in vitro and in vivo) can be utilized along with other 
models to improve our understanding of autophagy function in diseases 
[116,117]. 

4. Nanomaterials and autophagy regulation 

4.1. Polymeric nanoparticles 

In recent decades, polymeric nanoparticles have demonstrated 
considerable potential in cancer therapy via the delivery of various 
therapeutics and their role in imaging [118]. Different polymers can be 
used to synthesize polymeric nanoparticles such as collagen, gelatin, 
PLGA and albumin [119,120]. These polymeric nanostructures can 
mediate the co-delivery of anti-tumor agents such as chrysin and 5-fluo
rouracil in combination cancer therapy [121]. The efficacy of polymeric 
nanoparticles in cancer treatment is highlighted by their photodynamic 
therapy potential [122]. Like other nanoparticles, polymeric nano
particles can easily undergo surface modification in targeted cancer 
therapy [123]. Furthermore, stimuli-responsive polymeric nanoparticles 
add to their function of cancer suppression [124]. This section describes 
the role of polymers in the synthesis of nanocarriers and evaluates their 
potential for delivery of autophagy regulators in cancer treatment. 
Although chitosan (CS) and hyaluronic acid (HA) are polymers derived 
from natural sources, we allotted a separate section (3.5 section) to 
discuss their role in the synthesis and modification of nanoparticles in 
autophagy regulation. 

In cases where autophagy possesses a tumor-suppressor role, the 
focus is on the induction of this molecular mechanism. For instance, 
Beclin-1 upregulation induces autophagy and can reduce the viability 

Fig. 1. Molecular pathways of autophagy.  
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and progression of breast cancer cells in vivo. Therefore, the delivery of 
Beclin-1 by polymeric nanoparticles is of importance in exerting high 
anti-tumor activity. In this way, peptide-modified polymeric nano
particles were prepared using poly(β-amino ester) through supramo
lecular assembly. Autophagy stimulation by Beclin-1-loaded polymeric 
nanoparticles significantly diminishes breast cancer progression. The 
role of polymeric nanoparticles is to protect Beclin-1 against enzymatic 
degradation, preventing non-specific biodegradation and enhances tar
geted delivery [125]. In contrast, when autophagy has tumor-promoting 
role, its inhibition can sensitize cancer cells to chemotherapy. In an 
experiment, hyperbranched polyacylhydrazone (HPAH) was used to 
prepare hydrophilic polymeric nanoparticles that are pH-sensitive. 
Then, doxorubicin (DOX) as a chemotherapeutic agent and LY294002 
(LY) as an autophagy inhibitor were encapsulated in these polymeric 
nanoparticles. Upon penetration into oral cancer cells, cargo (DOX and 
LY) release occurs in response to acidic pH. These DOX- and LY-loaded 
polymeric nanostructures synergistically suppressed cancer progression. 
This experiment demonstrated that autophagy down-regulation using 
LY is important in enhancing the potential of DOX in oral cancer sup
pression [126]. Another experiment also prepared polymeric nano
particles using poly(β-amino ester)s that are pH-sensitive and can self- 
assemble into polymeric micelles capable of triggering autophagy. 
Gold (Au) compounds were loaded to these polymeric micelles to in
crease the potential for cancer suppression. These nanoparticles can 
penetrate breast cancer cells (MCF-7 cells) and accumulate inside acidic 
lysosomes. Au-loaded polymeric nanoparticles inhibit autophagosome- 
lysosome fusion upon protonation of tertiary amines of poly(β-amino 
ester)s, leading to the dissociation of micelles and subsequent damage of 
lysosomes. Further, Au inhibits thioredoxin reductase (TrxR) and sub
sequently elevates ROS generation, leading to autophagy and apoptosis 
induction in breast tumors. Autophagy suppression increases cellular 
stressors via excessive depletion of organelles and proteins and trig
gering cell death (Fig. 2) [127]. 

It is worth mentioning that the impact of polymeric nanoparticles on 
autophagy is concentration-dependent and should be considered in 
cancer therapy. Low concentrations of polymeric nanostructures stim
ulate autophagy by affecting mTOR signaling, while high concentrations 
of polymeric nanoparticles lead to autophagic cell death favouring 
cancer therapy (Fig. 3) [128]. Therefore, it is evident that polymeric 
nanoparticles are potential regulators of autophagy and apoptosis in 
cancer therapy, and they can also mediate the delivery of anti-tumor 
agents regulating autophagy [129]. 

4.2. Green-modified nanoparticles 

Over recent decades, attention has been directed towards using 
polymers derived from natural sources to synthesize and modify nano
particles since such nanostructures have high potential for cargo de
livery and high biocompatibility [130]. CS is derived from chitin and has 
two functional groups, including hydroxyl and amine groups [131]. CS 
has a positive charge and can interact with negatively charged bio
molecules [132,133]. This linear alkaline polysaccharide has several 
beneficial features such as biocompatibility, biodegradability and its 
ability to undergo changes by different methods using chemicals and 
enzymes [134–136]. Modification of nanoparticles with CS plays a vital 
role in potentiating the biocompatibility of these carriers. Furthermore, 
CS-based nanocarriers can effectively deliver cargo (drug or gene) in 
cancer therapy [137–139]. It has been reported that CS-based nano
particles can regulate autophagy in cancer. Exposing Hela and SMMC- 
7721 cells to CS-based nanoparticles induces ROS overgeneration and 
stimulates autophagy. Furthermore, CS-based nanoparticles can 
enhance LC3 accumulation in triggering autophagy. However, it seems 
that autophagy in this context plays a tumor-promoting role and reduces 
doxorubicin-mediated apoptosis in cancer cells [140]. Therefore, auto
phagy inhibition can promote the sensitivity of cancer cells to chemo
therapy. Noteworthy, CS-based nanoparticles have demonstrated high 

efficiency in delivering genetic tools such as siRNA and shRNA 
[141–145]. Hence, targeting autophagy genes can inhibit cytoprotective 
autophagy in cancer therapy. It has been reported that co-delivery of 
shRNA-ATG-5 and gefitinib by CS-based nanocarriers significantly 
suppresses the progression of lung cancer cells (A549 cells) and in
creases chemosensitivity. These nanoparticles inhibit autophagy and 
promote apoptosis [146]. This experiment reveals the interaction be
tween apoptosis and autophagy in cancer cells and demonstrates how 
tumor-promoting autophagy can function as a shield against apoptosis 
induction in cancer. Additionally, CS-based nanoparticles have been 
shown to regulate p62 expression in ovarian cancer using siRNA and 
enhancing cisplatin (CP) sensitivity [147]. Nanocarriers are important 
for delivering genetic tools, such as siRNA, that would otherwise be 
rapidly degraded in the cell. In this way, nanocarriers offer protection 
against breakdown and optimize internalization into cancer cells 
[131,148–150]. In a recent experiment, the surface of gold nanoparticles 
was modified with CS. These nanostructures demonstrated high cyto
toxicity against leukemia cells while preserving the state of bone 
marrow and normal cells. The CS-modified gold nanoparticles were able 
to increase ROS levels and trigger cell death in leukemia cells. However, 
increased ROS levels induce autophagy as a tumor-promoting factor 
[151]. Interestingly, a new experiment showed that the delivery of 5- 
fluorouracil (5-FU) by CS-based nanoparticles induces autophagy via 
LC3-II upregulation and is important in reducing the viability of head 
and neck cancer cells [152]. Nonetheless, future experiments will help to 
shed more light on autophagy regulation by CS-based nanoparticles in 
cancer treatment. 

HA is a linear glycosaminoglycan that is negatively charged and 
hydrophilic in physiological conditions [153]. High biocompatibility, 
biodegradability and lack of immunogenicity are among the benefits of 
HA, making it an appropriate agent for application in drug delivery 
systems [154,155]. Further, surface modification of nanoparticles with 
HA promotes their selectivity towards cancer cells by binding to CD44 
receptors [156]. An experiment has prepared PLGA core-shell nano
particles for co-delivery of chloroquine and receptor-interacting protein 
kinase 3 (RIP3) in colon cancer therapy. The surface of these nano
particles was modified with HA to enhance selectivity towards cancer 
cells. The investigation of molecular pathways revealed that RIP3- and 
chloroquine-loaded HA-modified PLGA nanostructures could increase 
the expression of p62 and LC3-II and trigger autophagy (Fig. 4) [157]. 
Alginate and starch are other types of natural polymers used to modify 
nanoparticles to deliver autophagy regulators and affect this molecular 
pathway favouring cancer treatment and enhancing chemosensitivity 
[158,159]. 

4.3. Lipid-based nanoparticles 

4.3.1. Liposomes 
Liposomes were first discovered in 1965 by Bangham. These nano

structures have a shell containing one or several phospholipid bilayers 
and an aqueous core [160]. Ease of synthesis, biocompatibility, biode
gradability and capacity in loading hydrophilic and hydrophobic drugs 
are among the benefits of liposomes, making them appropriate choices 
in nanoscale delivery [161–163]. Recently, liposomes have been used in 
cancer therapy due to their ability to enhance intracellular accumulation 
of drugs and genes and overcome the blood-brain barrier (BBB) [164]. 
The selectivity of liposomes towards cancer cells can be improved using 
surface modification by ligands and aptamers [165,166]. Furthermore, 
liposome-based nanocarriers have been employed to treat cancer upon 
approval by the Food and Drug Administration (FDA), showing that 
innovations in this field can significantly improve the fight against 
cancer [167]. In this section, we focus on liposomal nanocarriers for 
delivery of autophagy modulators and subsequent cancer therapy. 

The mTOR signaling pathway is an inhibitor of autophagy and 
consists of two complexes, including mTOR complex 1 (mTORC1) and 
mTOR complex 2 (mTORC2) [168]. mTOR induces signal transducer 
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Fig. 2. A) The synthesis of nanostructures and their impact on cell death and providing synergistic cancer therapy; B) Apoptosis assay by Flow-cytometry; C) 
Quantitative clarification; D) Investigating the level of ROS production in MCF-7 cells after exposing to nanoparticles. 
Reprinted with permission from ACS [127]. 
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and activator of transcription 3 (STAT3) via phosphorylation at serine 
727. Furthermore, phosphorylation at tyrosine 705 can stimulate STAT3 
signaling performed by cytokines and growth factors [169]. A recent 
experiment applied starvation and ropivacaine-loaded liposomes in the 
treatment of melanoma. JAK2 and mTORC1 stimulated STAT3 signaling 
following tyrosine 705 and serine 727 phosphorylation, respectively. 
Exposing melanoma cells to starvation inhibits mTOR signaling, and 

liposomal nanocarriers suppress JAK2 to disrupt autophagic degrada
tion, enhancing cell death in melanoma cancer [170]. This experiment 
highlights the anti-tumor activity of autophagy and its role in potenti
ating cell death. Liposomes can also be used for the co-delivery of anti- 
tumor agents. For instance, dihydroartemisinin and epirubicin were 
loaded on liposomes to investigate the effect of apoptosis and autophagy 
in breast cancer. These nanoparticles enhanced the circulation time of 

Fig. 3. A) The regulatory impact of prepared nanostructures on autophagy; B and C) The Western blot analysis and quantitative measurement. 
Reprinted with permission from Wiley [128]. 
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Fig. 4. A and B) Nanostructure synthesis and evaluating their impact on autophagy mechanism; C) Balb/c mouse tumor weight; D) Tumor volume; E) Body weight 
and F) tumor images. 
Reprinted with permission from Elsevier [157]. 
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these drugs and promoted their accumulation at the tumor site. 
Furthermore, drug-loaded liposomes down-regulate Bcl-2 activity and 
accelerate its dissociation from Beclin-1, leading to Bax upregulation. 
Subsequently, Bax stimulates apoptosis, while Beclin-1 induces auto
phagy, leading to breast tumor therapy [171]. 

Furthermore, liposomal nanocarriers can modulate the therapy 
response of cancer cells by affecting autophagy [172]. Due to their 
aggressive behavior and high capacity in growth, colon cancer cells can 
become resistant to chemotherapy [173]. Liposomes are loaded with 
dihydroartemisin and DOX to suppress the drug-resistant trait in colon 
cancer cells. As cancer cells demonstrate overexpression of mannose 
receptors, the liposomal nanocarriers were mannosylated to enhance 
their selectivity towards colon cancer cells. This combination therapy 
and their delivery by liposomes effectively suppressed colon cancer 
progression in vivo by 88.59% and improved the accumulation of DOX 
in nuclei. The investigation of molecular pathways revealed apoptosis 
and autophagy induction as factors involved in anti-tumor activity of 
these liposomal nanoformulations [174]. Although this experiment has 
not evaluated the association between autophagy and apoptosis in 
increasing chemosensitivity of colorectal cancer cells, further investi
gation can show whether autophagy inhibition or induction, along with 
using the liposomes mentioned above, exert a synergistic impact or not. 

Surface modification of liposomes is a promising strategy in the fight 
against cancer cells. The folate receptor (FR) is upregulated on the 
surface of cancer cells. Interaction between FR and its ligand folate leads 
to enhanced penetration into cells via receptor-mediated endocytosis 
[175–177]. Rapamycin-loaded folate-modified liposomes were prepared 
using film hydration and used to evaluate their cytotoxicity against 
bladder cancer cells. The prepared liposomes had a size less than 160 nm 
with an entrapment efficiency of 42%. The surface modification of li
posomes by folate increased their penetration into bladder cancer cells 
two-fold compared to conventional liposomes. In vivo and in vitro ex
periments revealed the role of these nanostructures in suppressing 
cancer progression. Mechanistically, rapamycin-loaded folate-modified 
liposomes down-regulated mTOR expression to induce autophagy- 
mediated cancer suppression [178]. 

The surface modification of nanoparticles with peptides is another 
candidate for cancer therapy [179]. The role of autophagy in chemo
resistance is highlighted by its involvement in forming a barrier for anti- 
tumor agents. Autophagy induction has been correlated with the pro
duction of cancer-associated fibroblasts (CAFs) from pancreatic stellate 
cells that further generate collagen, increasing stoma density 
[180–182]. This impediment can induce resistance of pancreatic cancer 
cells to paclitaxel (PTX) chemotherapy. PTX and the autophagy inhibitor 
hydroxychloroquine (HCQ) were loaded in peptide-modified liposomes 
to overcome this barrier. These nanostructures were able to bind to αvβ3 
integrins and selectively target tumor microenvironment. HCQ delivery 
suppressed autophagy and prevented stroma formation, increasing PTX 
penetration and enhanced cytotoxicity against cancer cells [183]. This 
experiment highlights a new aspect of autophagy that is not related to 
cell death but is related to its role in forming a barrier against chemo
therapeutic agents. 

4.3.2. Micelles 
Micelles are another ideal candidate in cancer therapy that belong to 

lipid-based nanocarriers. By enhancing the intracellular accumulation of 
anti-tumor compounds, micelles can effectively suppress cancer pro
gression [184]. Furthermore, micelles can mediate the co-delivery of 
anti-tumor agents, suppressing neovasculature and invasion of cancer 
cells [185]. Micelles can undergo surface modification, and they induce 
anti-tumor immunity [186]. Therefore, it is of importance to use mi
celles in cancer treatment. Recent work has focused on using micelles for 
the delivery of autophagy regulators. These micelles were prepared 
using Cu (I)-catalyzed click chemistry-triggered aggregation of azide/ 
alkyne and were loaded with DOX and wortmannin (Wtmn) as the 
autophagy inhibitor. These nanostructures exhibit an increase in size in 

a time-dependent manner, elevating cellular uptake by B16F10 and 4 T1 
cells. Further, the preparation of micelles using click cycloaddition in
creases their ability to target the tumor site. DOX- and Wtmn-loaded 
micelles caused the down-regulation of LC3-II and p62 upregulation, 
leading to autophagy inhibition and chemosensitivity of cancer cells 
(Fig. 5) [187]. Inhibiting autophagy is important in protecting cargoes 
against degradation. For instance, delivery of miRNA-124 and obatoclax 
by cholesterol-penetratin micelles prevents degradation of miRNA-124 
and p62 by autophagosomes, preserving their concentration in breast 
cancer, inducing apoptosis via Bax and caspase-9 overexpression [188]. 

Increasing evidence reveals that autophagy induction is associated 
with docetaxel resistance in cancer cells [189]. In an experiment, 
polymeric micelles were prepared using membrane dialysis by PEG-b- 
PLGA. They had a size of 40 nm with an entrapment efficiency of 
72.8%. The docetaxel- and chloroquine (autophagy inhibitor)-loaded 
polymeric micelles inhibited autophagy in breast cancer cells (MCF-7 
cells), potentiating the anti-tumor activity of docetaxel. This result 
showed that chloroquine increased the potential of breast cancer treat
ment 12-fold [190]. Another study uses micelles for co-delivery of 
docetaxel and chloroquine to suppress chemoresistance. This study also 
revealed that using an autophagy inhibitor along with PTX increased 
breast tumor chemotherapy. The role of micelles is to mediate cellular 
accumulation [191]. 

Based on the detection of molecular pathways involved in auto
phagy, genetic tools such as siRNA can affect the expression level of 
genes and inhibit or induce autophagy [192]. Nanostructures have been 
designed for siRNA delivery to improve the potential in gene silencing 
and cancer suppression, protect against degradation and increase 
intracellular accumulation [49,131,148,150,193]. The activation of 
autophagy protects hepatocellular carcinoma cells against apoptosis. 
Micelles loaded with siRNA-ULK1- and narciclasine-loaded suppress 
autophagy and enhance the intracellular accumulation of both the drug 
and siRNA. These nanostructures are pH sensitive and release cargo at 
the tumor microenvironment. Autophagy inhibition by these micelles 
sensitizes hepatocellular carcinoma cells to apoptosis [194]. Hence, 
similar to liposomes, micelles demonstrate high efficiency in delivery of 
autophagy modulators, and their surface modification enhances tumor 
targeting. Furthermore, stimuli-responsive micelles and liposomes pro
mote potential in targeting autophagy. 

4.4. Carbon-based nanomaterials 

4.4.1. Carbon dots 
As an abundant element, carbon has various allotropes, and to date, 

different kinds of agents such as fibers, nanotubes and carbon dots (CDs) 
have been synthesized from carbon [195]. The CDs belong to quantum 
dots, and these nanoparticles demonstrate great fluorescence capacity. 
High biocompatibility, safety, fluorescence activity and particle size less 
than 10 nm have made CDs appropriate nanocarriers [196]. Recently, 
attention has been directed towards using CDs in cancer therapy. CDs 
are essential in the treatment of brain tumors, as they can penetrate the 
BBB [197]. In cancer suppression, CDs can exert photothermal features 
to diminish the viability of cancer cells [198]. Furthermore, CDs can 
induce stress in mitochondria, leading to apoptosis [199]. These nano
carriers can be synthesized from natural sources such as the Lawsonia 
inermis (Henna) plant to increase the biocompatibility and safety profile 
of CDs [200]. 

Recently, nitrogen-phosphorous-doped carbon dots (NPCDs) were 
developed using thermal treatment and their potential for melanoma 
treatment (B16F10) was evaluated. NPCDs suppressed melanoma 
progress in a dose-dependent manner and induced apoptosis and cell 
cycle arrest via promoting ROS production, disrupting mitochondrial 
function and increasing p21 expression. Noteworthy, NPCDs increase 
ATG5 and LC3-II expression and diminish p62 expression and induce 
autophagy in melanoma cells. Hence, apoptosis, autophagy and cell 
cycle arrest are responsible for the anti-tumor activity of NPCDs against 
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melanoma [201]. Quantum dots follow different pathways to suppress 
cancer progression, and autophagy is among them. In addition to con
centration, quantum dots can diminish cancer viability in a time- 
dependent manner. Notably, various molecular pathways regulating 
autophagy are affected by quantum dots. For instance, these nano
particles can inhibit the progression of endometrial cancer by autophagy 
induction through upregulating ATG12, Beclin1 and LC3-II [202]. 

It has been reported that quantum dots can be utilized to deliver 
chemotherapeutic agents such as 5-FU and affect molecular pathways 
responsible for drug resistance. Increasing evidence demonstrates that 
autophagy induction significantly enhances 5-FU resistance and various 
molecular pathways, including long non-coding RNAs (lncRNAs), 
sirtuin-1 (SIRT1) and BAG3 play a remarkable role in this case 
[203,204]. Nanocarriers have been developed for co-delivery of 5-FU 

and autophagy inhibitors to suppress 5-FU resistance and elevate 
esophageal tumor chemosensitivity [205]. In preventing 5-FU resistance 
in lung cancer cells, near-infrared (NIR) emitting Ag2S quantum dots 
(QDs) have been modified with PEG and their surface modified with 
Cetuximab (Cet) antibody to increase their selectivity towards cancer 
cells. The benefit of using Cet for functionalization of QDs is in targeting 
A549 lung cancer cells and inducing apoptotic cell death. An important 
aspect of A549 cells is that their treatment with free 5-FU results in 
autophagy as a cytoprotective mechanism and leads to chemoresistance. 
However, treatment with Cet conjugated Ag2S QDs inhibited autophagy 
and prevented 5-FU resistance in A549 cells [206]. This experiment 
demonstrates that scientists should always consider the double-edged 
sword role of CDs and QDs in cancer via autophagy regulation. 

The biological behavior of QDs depends mainly on their surface 

Fig. 5. A) Synthesized nanoparticles and their capacity in regulating autophagy mechanism for cancer therapy; B) CLSM images; C) Immunohistochemical images. 
Reprinted with permission from Elsevier [187]. 
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modification and the type of agent used for coating these nanosized 
particles. The subsequent change in behavior has been evaluated in an 
experiment using two various compounds, including 3-mercaptopro
pionic (MPA) acid and PEG for surface modification and coating of 
QDs. Exposing HeLa cells (cervical cancer) to MPA-modified QDs 
inhibited ROS generation and improved the function of lysosomes. 
However, PEGylated QDs increased ROS generation in favor of auto
phagy and apoptosis stimulation and exerted cytotoxicity against cancer 
cells [207]. The efficiency of QDs is attributed to the increased 
bioavailability of anti-tumor agents in cancer chemotherapy. Recently, 
an experiment has prepared black phosphorus quantum dots (BPQDs) 
camouflaged with a platelet membrane (PLTm) for delivery of Heder
agenin (HED) in breast tumor treatment (MCF-7 cells). These HED- 
loaded QDs stimulated autophagy by upregulating Beclin-1 and LC3-II 
to enhance the anti-tumor activity of HED against breast cancer 
(Fig. 6) [208]. Future experiments will shed more light on the potential 
of carbon-based nanoparticles in delivery of autophagy regulators and 
its association with cancer treatment [192]. 

4.4.2. Graphene nanomaterials 
Graphene is another allotrope of carbon. It has a honeycomb struc

ture with a high affinity for binding and its electrons involved in aro
matic conjugate domains [209]. The most well-known strategy for the 
synthesis of graphene nanomaterials is Hummer's method [210]. Gra
phene can be functionalized with various polymers, including PEG 
[211–213]. These carbon-based nanocarriers have high selectivity to
wards cancer cells and can be utilized to deliver chemotherapeutic 
agents in cancer therapy [214]. Furthermore, graphene-based nano
particles can suppress cancer progression by providing photothermal 
therapy [215]. Advanced graphene nanoparticles, for instance, gra
phene modified with CS, have been developed to enhance its cancer 
treatment capacity [216]. Noteworthy, graphene-based nanoparticles 
can affect cancer survival via targeting autophagy. The phenomenon of 
drug resistance is an increasing challenge worldwide [49,217–224]. The 
application of CP in cancer treatment has a long history, but the resis
tance of cancer cells should be overcome to enhance the cytotoxicity of 
CP [220,225]. As an upstream mediator, YBX1 stimulates autophagy 
and reduces CP cytotoxicity against non-small cell lung cancer cells 
[226]. Furthermore, autophagy inhibition by hederagenin elevates CP 
cytotoxicity against lung cancer [227]. Graphene oxide nanostructures 

have been shown to activate autophagy, enhance CP cytotoxicity against 
colon cancer cells, and mediate necrosis [228]. This experiment dem
onstrates the double-edged sword nature of autophagy in CP exposure, 
and there is no absolute consensus about autophagy inhibition or in
duction in this case. Therefore, more studies are required to reveal the 
role of autophagy during CP chemotherapy. Another experiment also 
highlights the fact that autophagy stimulation elevates CP cytotoxicity. 
In this way, authors prepared hybrid nanocomposites containing gra
phene and silver nanoparticles that increase ROS generation in cervical 
tumors, thereby stimulating apoptosis and autophagy. This nano
composite and CP exert a synergistic impact on cancer suppression 
[229]. 

Various molecular pathways regulating autophagy are affected by 
graphene nanostructures in cancer therapy. The upregulation of ATG5, 
ATG7 and LC3-II by graphene nanoparticles leads to autophagy and 
osteosarcoma suppression [230]. In the case of tumor-promoting auto
phagy, its inhibition remarkably inhibits cancer progression. An exper
iment has applied graphene nanoparticles for the delivery of miRNA-101 
in breast tumor therapy. These nanoparticles were functionalized by 
PEG and poly-l-arginine (P-l-Arg) to prepare cationic graphene nano
particles capable of forming stable complexes with miRNA-101. Auto
phagy inhibition, apoptosis induction and the triggering of thermal 
stress mediated by graphene nanoparticles were involved in the anti- 
breast tumor activity of these nanostructures [231]. It appears that 
autophagy inhibition by graphene nanoparticles can sensitize lung 
cancer cells to necroptotic death [232]. Taken together, experiments 
demonstrate that graphene nanoparticles are potential nanoscale de
livery systems for autophagy modulators in cancer, and their anti-tumor 
activity depends on the role of autophagy [232–234]. 

4.5. Metal nanomaterials 

The Au nanoparticles are chemically inert and have demonstrated 
low side effects and high biocompatibility, paving their way to treat 
diseases [235]. For intravenous administration of Au nanostructures, 
their modification with polyethylene glycol (PEG) is performed to pre
serve their stability in biological media [236]. Furthermore, Au nano
particles can be applied as theranostic probes due to their fluorescence 
capacity beneficial in bioimaging [237]. The multifunctional role of Au 
nanocarriers has made them appropriate options in cancer therapy. A 

Fig. 6. A) Nanoparticles and their therapeutic application; B) In vivo fluorescence images; C) Ex vivo bioluminescence images; D) Evaluating fluorescence signals 
quantitatively; E) Fluorescence imaging of tumor tissues. 
Reprinted with permission from ACS [208]. 
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recent experiment has shown that Au nanocarriers can reduce breast 
cancer progression and viability by providing photothermal therapy 
while simultaneously having bioimaging properties [238]. Au nano
particles stimulate DNA damage in lung tumors and enhance radio- 
sensitivity [239]. Further, Au nanoarchitectures exert synergistic can
cer therapy by gene and drug co-delivery [240]. Efforts have been made 
to pave the way for the application of Au nanoparticles in clinical trials 

because of their efficiency in cancer suppression. However, one of the 
most important features of nanocarriers for clinical application is their 
biocompatibility. Although Au nanostructures demonstrate high 
biocompatibility, their adverse impacts can be reduced by using natural 
sources for their synthesis. In this way, Au nanoparticles were synthe
sized using a hydroxylated tetraterpenoid deinoxanthin (DX) derived 
from Deinococcus radiodurans. DX functions as a surface-capping agent 

Fig. 7. A–F) Characterization of nanostructures; and G) Synthesis of nanoparticles and conjugation of cargo. 
Reprinted with permission from ACS [241]. 
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and increases the stability of Au nanoparticles. Compared to conven
tional Au nanoparticles, DX-Au nanoparticles demonstrate higher cyto
toxicity against breast cancer cells (MCF-7 cells) with no toxicity 
towards normal cells. These nanoparticles can accumulate in cytoplasm, 
organelles and nuclei. The ability of DX-Au nanocarriers in reducing the 
viability and progression of breast cancer cells is attributed to the 
overgeneration of ROS that subsequently induces apoptosis and auto
phagy (Fig. 7) [241]. 

ROS production and its association with autophagy induction are 
based on alterations in the endoplasmic reticulum (ER). ROS over
generation negatively affects homeostasis of ER, leading to ER stress that 
subsequently stimulates apoptosis and autophagy [143,242,243]. A 
recent experiment showed that Au nanoparticles demonstrate higher 
anti-tumor activity than CP in lung cancer therapy (A549 cells). Expo
sure of A549 tumors to Au nanostructures triggers ROS overgeneration, 
resulting in mitochondrial dysfunction and ER stress followed by 
apoptosis and autophagy induction that remarkably diminishes survival 
of lung cancer cells (Fig. 8) [244]. These studies highlight the autophagy 
induction by Au nanoparticles as a molecular pathway involved in 
cancer suppression. 

On the other hand, Au nanocarriers suppress cancer progression via 
autophagy impairment. The photothermal ability of Au nanocarriers is 
beneficial for cancer suppression by reducing cell viability and survival. 
A combination of titania-coated gold nano-bipyramid (NBP/TiO2) 
nanoarchitectures and bortezomib synergistically suppress brain cancer. 
The anti-tumor activity of NBP/TiO2 nanoparticles is attributed to their 
capacity in preventing autophagosome and lysosome fusion and inhib
iting lysosomal degradation. This activity of nanostructures sensitizes 
glioma cells to proteasome inhibited-mediated cell death [245]. Previ
ously, Au nanocarriers showed to stimulate radio-sensitivity [246]. Au 
nanoparticles trigger autophagy in tumors via LC3-II upregulation and 
enhancing autophagosome formation. Noteworthy, this autophagy 
possesses a tumor-promoting role, and its inhibition promotes the ca
pacity of Au nanostructures in inducing apoptosis and increasing radio- 
sensitivity of cancer cells [247]. Generally, Au nanoarchitectures are 
potential modulators of autophagy in cancer and understanding their 
association can be advantageous in directing further studies for effective 

cancer treatment [248]. 
Silver (Ag) nanocarriers are applied in various fields such as the 

pharmaceutical industry, cosmetic products, biomedicine for wound 
healing, infection therapy and suppressing cancer progression [249]. Ag 
nanoparticles have a high surface area with adjustable particle size 
[250]. Recently, Ag nanoparticles have made their way into cancer 
treatment [251]. These nanocarriers function in a concentration- and 
time-dependent manner in triggering apoptosis in cancer cells and 
restricting their growth and invasion [252]. Furthermore, Ag nano
particles can provide photothermal therapy to suppress cancer growth 
[253]. Recent experiments have highlighted the role of Ag nanoparticles 
in inhibiting cancer progression via autophagy regulation. The nuclear 
factor-kappaB (NF-κB) modulates autophagy in colorectal tumor. 
Exposing these malignant cells to Ag nanostructures results in auto
phagy induction through down-regulation of NF-κB and upregulation of 
IκB. Furthermore, Ag nanoparticles trigger autophagy in colorectal 
cancer cells via protein kinase-B (Akt) and mTOR upregulation. The 
enhanced level of autophagy leads to apoptosis and, finally, necrosis in 
colorectal cancer cells [254]. This experiment demonstrated how auto
phagy regulation by Ag nanocarriers could affect other kinds of cell 
death mechanisms, such as apoptosis and necrosis. Like Au nano
particles, Ag nanostructures can promote ROS levels in triggering DNA 
damage, apoptosis and autophagy in breast tumors. The cytotoxicity of 
Ag nanoparticles against breast cancer cells is suggested to be 
concentration-dependent [255]. However, a limitation of the previous 
experiment is that the role of autophagy as a tumor-promoting or tumor- 
suppressor factor has not been investigated. Another experiment syn
thesized Ag nanoparticles from Penicillium shearii AJP05 and investi
gated the cytotoxicity against osteosarcoma cells based on autophagy 
regulation. Ag nanoparticles were coated with a protein derived from 
fungi which enhanced its anti-tumor activity. Ag nanoparticles stimulate 
apoptosis and autophagy in osteosarcoma via ROS overgeneration. 
However, autophagy exerts a tumor-promoting role and inhibiting this 
cell mechanism triggers ROS overgeneration and cell death in osteo
sarcoma cells [256]. Taken together, Ag nanocarriers can modulate 
autophagy in cancer cells, and its inhibition or induction can reveal its 
role in cancer progression [257,258]. Furthermore, Ag nanoparticles 

Fig. 8. A) Tumor volume; B) Bodyweight; C) Tumor weight; and D) Tumor images. 
Reprinted with permission from ACS [244]. 
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can affect various molecular pathways by affecting autophagy [259]. On 
the other hand, autophagy induction under hypoxic conditions can 
hinder Ag nanoparticle-mediated apoptosis in lung cancer [260]. 
Therefore, autophagy significantly affects the anti-tumor activity of Ag 
nanoparticles, and the underlying molecular pathways should be high
lighted in developing novel therapeutics in the future. 

Iron nanoparticles have also been applied in cancer therapy. These 
nanocarriers can induce apoptosis, provide photothermal therapy and 
remain at the tumor site [237,261,262]. To date, a few studies have 
evaluated the role of iron nanoparticles in regulating autophagy in 
cancer. Due to their small size, iron nanoparticles can accumulate in the 
mitochondria affecting glucose metabolism of colorectal cancer cells 
and triggering autophagy [263]. Mitochondrial alterations caused by 
iron nanoparticles are responsible for the reduction in viability of 
colorectal cancer cells. The impact of iron nanoparticles on cell death 
pathways is size-dependent. It has been reported that large iron nano
particles (15.1 and 30 nm) can induce autophagy in plasma, while small 
iron nanoparticles (7.3 nm) affect the mitochondria in triggering cell 
death and increase ROS levels [264]. Concerning the potential of both 
iron and Ag nanoparticles in affecting autophagy, a recent experiment 
has prepared iron nanocarriers coated with Ag in oral cancer therapy. 
The synthesized nanoparticles demonstrated high biocompatibility and 
cellular uptake. Upon penetration into oral tumor cells, iron ions were 
released and subsequently triggered apoptosis and autophagy via ROS 
overgeneration [265]. Metal nanoarchitectures can regulate autophagy 
in cancer treatment and can be divided into two categories. The first 
category is nanostructures that can induce or inhibit autophagy in 
cancer cells by, for instance, enhancing ROS levels. Alternatively, 
nanostructures can be utilized to deliver autophagy regulators in sup
pressing cancer progression and increasing the chemosensitivity of tu
mors. These aims have been investigated in pre-clinical studies (in vivo 
and in vitro). More efforts should be made to introduce these findings to 
the clinic and treatment of cancer patients [244,253,266–275]. Fig. 9 
provides a schematic representation of targeting autophagy using cargo- 
loaded nanoparticles (Table 1). 

5. Conclusion and remarks 

Modulation of autophagy is an important but challenging strategy in 
cancer therapy since autophagy possesses both tumor-promoting and 
tumor-suppressing roles and its function is context-dependent. 
Furthermore, autophagy may demonstrate both pro-survival and pro- 
death roles in certain types of cancer. Therefore, targeting autophagy 
should be considered after determining its role. Different kinds of 
autophagy regulators, including natural and synthetic compounds, have 
been applied in cancer therapy. The present review shows that nano
particles can provide targeted delivery of autophagy regulators at the 
tumor site, enhancing their potential in affecting autophagy and 
modulating cancer progression. The role of nanoparticles is highlighted 
in chemotherapy. Drug resistance poses an increasing challenge in to
day's world. The inhibition or induction of autophagy has drawn sig
nificant attention in augmenting the chemosensitivity of cancer cells 
because of its notable role in chemoresistance. Co-delivery of autophagy 
regulators and chemotherapeutic agents can affect autophagy in favor of 
cancer elimination. For instance, when autophagy possesses a tumor- 
promoting function, delivery of autophagy inhibitors using nano
particles promotes chemosensitivity. Removing cytoprotective auto
phagy increases apoptosis in cancers, potentiating the anti-tumor 
activity of chemotherapeutic agents. Moreover, shRNA and siRNA can 
be utilized as genetic tools to target autophagy genes, including ATGs 
and modulate autophagy. Nanoparticles enable gene therapy with high 
efficiency by protecting genetic tools from degradation and increasing 
their uptake in tumor cells. 

In addition to drug and gene delivery in autophagy regulation, some 
nanoparticles can regulate autophagy genes and affect molecular 
mechanisms. For instance, Au nanoparticles can enhance ROS genera
tion in favor of autophagy and apoptosis stimulation in cancer therapy. 
However, the tumor-promoting role of autophagy should also be 
considered. When nanoparticle-mediated autophagy exerts a cytopro
tective role, autophagy inhibitors are suggested to potentate the fight 
against cancer cells. Another thing to consider is that autophagy pre
serves homeostasis at the primary level, and inducing autophagy by 
severe and high levels can be deleterious and result in cell death. 
However, hyperactivation of autophagy leads to cell death and is an 

Fig. 9. Nanoparticles regulating autophagy in cancer treatment.  
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Table 1 
Nanoparticles in the regulation of autophagy for cancer therapy.  

Nanostructure Applied agents in 
nanoparticle 
synthesis 

Drug/gene delivery Zeta 
potential 
(mV) 
Particle 
size (nm) 

Cancer type In 
vitro/ 
in vivo 

Cell line/ 
animal model 

Remarks Refs 

Polymeric 
nanoparticles 

Selenium 
Hydroxyapatite 

– 50–100 
nm 

Osteosarcoma In 
vitro 
In vivo 

MNNG/HOS 
cells 
Orthotopic 
xenograft 
mouse model 

Selenium possesses a 
chemotherapy role 
Hydroxyapatite provides bone 
repair 
Increasing ROS levels 
Activating JNK signaling and 
suppressing Akt/mTOR 
signaling 
Triggering apoptosis and 
autophagy in cancer cells 

[276] 

Polymeric 
nanoparticles 

Selenium Laminarin 
Chloroquine 

60 nm Hepatocellular 
carcinoma 

In 
vitro 

HepG2 cells Triggering both apoptosis and 
autophagy in cancer cells 
Upregulating LC3-II and p62 in 
autophagy induction 
Autophagy inhibition using 
chloroquine promotes cell 
death 

[277] 

Polymeric 
nanoparticles 

Selenium – 30 nm Colon cancer In 
vitro 

HCT116 cells Upregulation of Beclin-1 
Triggering autophagy to 
potentiate cell death in cancer 
cells 

[278] 

Polymeric 
nanoparticles (PLGA 
and succinate) 

– Doxorubicin 
Chloroquine 

– Lung cancer In 
vitro 

A549 cells Inhibiting autophagy to protect 
doxorubicin and enhancing 
nuclear translocation of this 
chemotherapeutic agent 

[279] 

Polystyrene 
nanoparticles 

Amino groups – +37 to 
− 56.7 mV 

Ovarian cancer In 
vitro 

OVCAR3 cells Exerting anti-tumor activity in a 
time- and concentration- 
dependent manner 
Autophagy inhibition promotes 
anti-tumor activity 

[280] 

Polymeric 
nanoparticles 

PEI 
PLGA 

Paclitaxel +21.7 mV 
80 nm 

Brain cancer In 
vitro 

U251 cells Inhibiting proliferation and 
invasion of cancer cells 
Enhancing accumulation of 
autophagosomes and LC3-II in 
triggering autophagy 

[281] 

Polymeric 
nanoparticles 

– HGFK1 
Sorafenib 

+6.68 mV 
106.67 nm 

Renal cell 
carcinoma 

In 
vitro 
In vivo 

786-O, and 
ACHN cells 
Xenograft 
mouse model 

Suppressing tumor growth 
Promoting mice survival 
Exerting synergistic impact 
with sorafenib 
Decreasing sorafenib-mediated 
autophagy by delivery of 
HGFK1 

[282] 

Polymeric 
nanoparticles 

PLGA Curcumin 
GANT61 

− 213.3 
mV 
190–400 
nm 

Breast cancer In 
vitro 

MCF-7 cells Impairing self-renewal capacity 
of cancer stem cells 
Inducing both apoptosis and 
autophagy in reducing the 
viability of cancer cells 

[283] 

Selenium 
nanoparticles 

– – 27.5 nm Breast cancer In 
vitro 

MCF-7 cells A combination of selenium 
nanoparticles and irradiation 
exerts synergistic impact via 
autophagy induction and 
enhancing ROS levels 

[284] 

Lipid nanoparticles – – +29.8 mV 
Up to 136 
nm 

Cervical cancer In 
vitro 

HeLa cells Down-regulation of Bcl-2 
expression in endoplasmic 
stress to trigger autophagy 

[285] 

Au-Ag nanoparticles Polydopamine – 200 nm Bladder cancer In 
vitro 
In vivo 

T24 cells 
Xenograft 
model 

Providing photothermal 
therapy and enhancing ROS 
levels 
Triggering Akt and ERK 
signaling pathway 
Stimulating both autophagy 
and apoptosis 

[286] 

Au nanoparticles Valine – − 29 mV 
20 nm 

Breast cancer In 
vitro 
In vivo 

MDA-mB-231 
cells 
Mouse model 

Enhancing ROS levels 
Triggering autophagy 
Exerting cytotoxicity against 
cancer cells 

[287] 

Au nanoparticles – Quercetin − 19.1 mV 
106.7 nm 

Neuroglioma In 
vitro 
In vivo 

U87 cells 
Nude mice 

Reducing cell viability in a 
time- and concentration- 
dependent manner 
Down-regulating mTOR and 

[288] 

(continued on next page) 
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important strategy in chemosensitivity and cancer immunotherapy 
[270]. As pre-clinical studies highlighted the role of nanoparticles in 
autophagy regulation, more investigation can be performed for using 
these agents in the treatment of cancer patients. 

Based on information presented in clinicaltrials.gov website, there 
have been efforts in evaluating role of autophagy in cancer patients and 
using autophagy regulators for their treatment (NCT01292408 and 
NCT01649947). As it was discussed in main text, nanocarriers can 
significantly improve potential of autophagy modulators in cancer 
suppression via mediating targeted delivery and enhancing intracellular 

accumulation of cargo. Therefore, the next step can be clinical trans
lation of pre-clinical findings and their use for treatment of cancer pa
tients. Now, this question comes into mind that which nanocarrier type 
is better for clinical application and delivery of autophagy modulators? 
The answer is dependent on two determining factors including possi
bility of large-scale production and biocompatibility of nanoparticle. 
The safety profile of nanoparticles and their tolerance can be considered 
important factors in clinical application. From this aspect, the lipid- and 
polymeric-based nanocarriers are preferred to metal- and carbon-based 
nanostructures. Based on studies, carbon-based nanoparticles such as 

Table 1 (continued ) 

Nanostructure Applied agents in 
nanoparticle 
synthesis 

Drug/gene delivery Zeta 
potential 
(mV) 
Particle 
size (nm) 

Cancer type In 
vitro/ 
in vivo 

Cell line/ 
animal model 

Remarks Refs 

PI3K/Akt expressions 
Upregulation of LC3-II and ERK 
Inducing autophagy 

Superparamagnetic 
iron oxide 
nanoparticles 

– AGO2 
MiRNA-3765B 

− 20 mV 
70 nm 

Breast cancer In 
vitro 
In vivo 

MCF7 and 
MDA-MB-453 
cells 
Xenograft 
nude mice 

Exerting anti-tumor activity 
and enhancing cytotoxicity of 
cisplatin against cancer cells 
Autophagy inhibition 
Reducing Beclin-1 and ATG4C 
expressions 

[289] 

Zinc oxide 
nanoparticles 

– – 20 nm Ovarian cancer In 
vitro 

SKOV3 cells Decreasing viability of cancer 
cells 
Upregulation of p53 and LC3 
Stimulating autophagy 

[290] 

Zinc oxide 
nanoparticles 

– – − 5.01 mV 
172 nm 

Breast cancer In 
vitro 
In vivo 

MCF-7 cells 
Animal 
models of 4 
T1 tumor 
cells 

Enhancing ROS levels 
Upregulating ATG5 
Triggering autophagy 

[291] 

Hollow mesoporous 
silica nanoparticles 

– Hydroxychloroquine +41.15 to 
− 26.50 
mV 
48.8 nm 

Colon cancer In 
vitro 
In vivo 

HCT116 cells 
Xenograft 
model 

Increasing intracellular 
accumulation of 
hydroxychloroquine 
Preventing autophagy as a pro- 
survival mechanism 
Enhancing cytotoxicity of 
irradiation in cancer therapy 

[238] 

Silica nanoparticles – – 86 nm Colon cancer In 
vitro 

HCT116 cells Inducing autophagy by 
affecting endoplasmic 
reticulum in colon cancer 
therapy 
Enhancing LC3-II levels 

[292] 

Mesoporous silica 
nanoparticles 

Polydopamine Chloroquine 
Glucose consumer 
glucose oxidase 

Up to 235 
nm 

Hepatocellular 
carcinoma 

In 
vitro 
In vivo 

HepG2 cells 
Tumor- 
bearing mice 

The induction of starvation by 
GOx in cancer cells 
Providing photothermal 
therapy 
Enhancing the potential of 
starvation and photothermal 
therapy in cancer suppression 
via autophagy inhibition 

[293] 

Cuprous oxide 
nanoparticles 

– – – Bladder cancer In 
vitro 
In vivo 

J82, T24, 
5637, UM- 
UC-3 cells 
Xenografts 

Reducing viability of cancer 
cells in a time- and 
concentration-dependent 
manner 
Inducing apoptosis and cell 
cycle arrest 
Upregulation of ERK signaling 
and autophagy induction in 
potentiating apoptotic cell 
death 

[294] 

TiO2 nanoparticles – 5-Fluorouracil 20–30 nm Gastric cancer In 
vitro 

AGS cells Increasing ROS levels 
Inducing disturbances in 
lysosome function 
Suppressing autophagy 
Promoting cytotoxicity of 
chemotherapy 
Triggering apoptosis 

[295] 

Magnetic iron 
nanoparticles 

PEI – 25.1 mV 
26.3 nm 

Cervical cancer In 
vitro 

HeLa cells Enhancing ROS levels 
Upregulation of ATG7 and 
triggering Akt/mTOR axis 
Inducing autophagy 

[296]  
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graphene possess toxicity and for improving their biocompatibility, 
modification with natural productions such as chitosan is performed 
[297]. Furthermore, metal-based nanoparticles have also adverse im
pacts on normal cells and have limited clinical application. The large- 
scale production of nanoparticles is also important and some of the 
polymers such as hyaluronic acid is expensive and their clinical appli
cation is not affordable. Therefore, more investigation should be con
ducted about clinical application of nanoarchitectures for delivery of 
autophagy modulators. 

Abbreviations 

siRNA small interfering RNA 
shRNA short hairpin RNA 
CMA cheparone-mediated autophagy 
AMPK 5′-AMP-activated protein kinase 
ULK1 unc-51-like autophagy-activation kinase 
ATG autophagy-related gene 
PI3K phosphoinositide 3-kinase 
mTOR mammalian target of rapamycin 
LC3-II light chain 3-II 
LAMP2 lysosomal associated membrane protein 2 
SNAREs soluble NSF attachment protein receptors 
PLGA poly lactic-co-glycolic acid 
CDK1 cyclin-dependent kinase 1 
CS chitosan 
HA hyaluronic acid 
DOX doxorubicin 
HPAH hyperbranched polacylhydrazone 
Au gold 
TrxR thioredoxin reductase 
CP cisplatin 
5-FU 5-flourouracil 
RIP3 receptor-interacting protein kinase 3 
BBB blood-brain barrier 
FDA Food and Drug Administration 
mTORC1 mTOR complex 1 
mTORC2 mTOR complex 2 
STAT3 signal transducer and activator of transcription 3 
PCD programmed cell death 
FR folate receptor 
CAFs cancer-associated fibroblasts 
PTX paclitaxel 
HCQ hydroxychloroquine 
Wtmm wortmannin 
CDs carbon dots 
NPCDs nitrogen‑phosphorus-doped carbon dots 
lncRNAs long non-coding RNAs 
SIRT1 sirtuin-1 
QDs quantum dots 
NIR near-infrared 
Cet Cetuximab 
MPA 3-marcaptopropionic 
HED hederagenin 
BPQD black phosphorus quantum dots 
ROS reactive oxygen species 
P-l-Arg poly-l-arginine 
PEG polyethylene glycol 
DX deinoxanthin 
ER endoplasmic reticulum 
Ag silver 
NF-κB nuclear factor-kappaB 
Akt protein kinase-B 
SQSTM1 Sequestosome 1 
OPTN optic neuropathy inducing protein 
BCL2L13 B-cell lymphoma 2 like protein-13 

Declaration of competing interest 

The authors declare no conflict of interest. 

References 

[1] T. Yamazaki, J.M. Bravo-San Pedro, L. Galluzzi, G. Kroemer, F. Pietrocola, 
Autophagy in the cancer-immunity dialogue, Adv. Drug Deliv. Rev. 169 (2021) 
40–50. 

[2] I. Dikic, Z. Elazar, Mechanism and medical implications of mammalian 
autophagy, Nat. Rev. Mol. Cell Biol. 19 (6) (2018) 349–364. 

[3] B. Levine, G. Kroemer, Biological functions of autophagy genes: a disease 
perspective, Cell 176 (1–2) (2019) 11–42. 

[4] N. Mizushima, Autophagy: process and function, Genes Dev. 21 (22) (2007) 
2861–2873. 

[5] L. Murrow, J. Debnath, Autophagy as a stress-response and quality-control 
mechanism: implications for cell injury and human disease, Annu. Rev. Pathol. 8 
(2013) 105–137. 

[6] M. Siri, H. Behrouj, S. Dastghaib, M. Zamani, W. Likus, S. Rezaie, J. Hudecki, 
S. Khazayel, M.J. Los, P. Mokarram, S. Ghavami, Casein kinase-1-alpha inhibitor 
(D4476) sensitizes microsatellite instable colorectal cancer cells to 5-fluorouracil 
via authophagy flux inhibition, Arch. Immunol. Ther. Exp. (Warsz.) 69 (1) (2021) 
26. 

[7] J. Alizadeh, S. Lorzadeh, S. Ghavami, Autophagy and cancer metastasis: a Trojan 
horse, J. Investig. Med. 69 (6) (2021) 1145–1147. 

[8] P. Sharma, J. Alizadeh, M. Juarez, A. Samali, A.J. Halayko, N.J. Kenyon, 
S. Ghavami, A.A. Zeki, Autophagy, apoptosis, the unfolded protein response, and 
lung function in idiopathic pulmonary fibrosis, Cells 10 (7) (2021). 

[9] J. Alizadeh, M.M. Kochan, V.D. Stewart, D.A. Drewnik, S.S. Hannila, S. Ghavami, 
Inhibition of autophagy flux promotes secretion of chondroitin sulfate 
proteoglycans in primary rat astrocytes, Mol. Neurobiol. 58 (12) (2021) 
6077–6091. 

[10] C.F. Bento, M. Renna, G. Ghislat, C. Puri, A. Ashkenazi, M. Vicinanza, F. 
M. Menzies, D.C. Rubinsztein, Mammalian autophagy: how does it work? Ann. 
Rev. Biochem.8 8 (5) (2016) 685–713. 

[11] S.W. Ryter, S.M. Cloonan, A.M. Choi, Autophagy: a critical regulator of cellular 
metabolism and homeostasis, Mol. Cells 36 (1) (2013) 7–16. 

[12] V. Sica, L. Galluzzi, J.M. Bravo-San Pedro, V. Izzo, M.C. Maiuri, G. Kroemer, 
Organelle-specific initiation of autophagy, Mol. Cell 59 (4) (2015) 522–539. 

[13] M. Siri, S. Dastghaib, M. Zamani, N. Rahmani-Kukia, K.R. Geraylow, S. Fakher, 
F. Keshvarzi, P. Mehrbod, M. Ahmadi, P. Mokarram, K.M. Coombs, S. Ghavami, 
Autophagy, unfolded protein response, and Neuropilin-1 cross-talk in SARS-CoV- 
2 infection: what can be learned from other coronaviruses, Int. J. Mol. Sci. 22 (11) 
(2021). 

[14] M. Eshraghi, A. Adlimoghaddam, A. Mahmoodzadeh, F. Sharifzad, H. Yasavoli- 
Sharahi, S. Lorzadeh, B.C. Albensi, S. Ghavami, Alzheimer's disease pathogenesis: 
role of autophagy and mitophagy focusing in microglia, Int. J. Mol. Sci. 22 (7) 
(2021). 

[15] H. Behrouj, A. Seghatoleslam, P. Mokarram, S. Ghavami, Effect of casein kinase 
1alpha inhibition on autophagy flux and the AKT/phospho-beta-catenin (S552) 
axis in HCT116, a RAS-mutated colorectal cancer cell line, Can. J. Physiol. 
Pharmacol. 99 (3) (2021) 284–293. 

[16] C. He, D.J. Klionsky, Regulation mechanisms and signaling pathways of 
autophagy, Annu. Rev. Genet. 43 (2009) 67–93. 

[17] R.M. Perera, R. Zoncu, The lysosome as a regulatory hub, Annu. Rev. Cell Dev. 
Biol. 32 (2016) 223–253. 

[18] S. Hombach-Klonisch, S. Natarajan, T. Thanasupawat, M. Medapati, A. Pathak, 
S. Ghavami, T. Klonisch, Mechanisms of therapeutic resistance in cancer (stem) 
cells with emphasis on thyroid cancer cells, Front. Endocrinol. (Lausanne) 5 
(2014) 37. 

[19] H. Marzban, M.R. Del Bigio, J. Alizadeh, S. Ghavami, R.M. Zachariah, 
M. Rastegar, Cellular commitment in the developing cerebellum, Front. Cell. 
Neurosci. 8 (2014) 450. 

[20] Z. Zhang, Y. Jing, Y. Ma, D. Duan, B. Li, C. Holscher, C. Li, J. Wei, A. Gao, 
L. Shang, F. Tao, Y. Xing, Driving GABAergic neurons optogenetically improves 
learning, reduces amyloid load and enhances autophagy in a mouse model of 
Alzheimer's disease, Biochem. Biophys. Res. Commun. 525 (4) (2020) 928–935. 

[21] S.C. da Silva Rosa, M.D. Martens, J.T. Field, L. Nguyen, S.M. Kereliuk, Y. Hai, 
D. Chapman, W. Diehl-Jones, M. Aliani, A.R. West, J. Thliveris, S. Ghavami, 
C. Rampitsch, V.W. Dolinsky, J.W. Gordon, BNIP3L/Nix-induced mitochondrial 
fission, mitophagy, and impaired myocyte glucose uptake are abrogated by 
PRKA/PKA phosphorylation, Autophagy 17 (9) (2021) 2257–2272. 

[22] P. Yuan, D. Ma, X. Gao, J. Wang, R. Li, Z. Liu, T. Wang, S. Wang, J. Liu, X. Liu, 
Liraglutide ameliorates erectile dysfunction via regulating oxidative stress, the 
RhoA/ROCK pathway and autophagy in diabetes mellitus, Front. Pharmacol. 11 
(2020) 1257. 

[23] J. Gao, X. Chen, C. Shan, Y. Wang, P. Li, K. Shao, Autophagy in cardiovascular 
diseases: role of noncoding RNAs, Mol. Ther. Nucleic Acids 23 (2021) 101–118. 

[24] S. Ghavami, R.H. Cunnington, B. Yeganeh, J.J. Davies, S.G. Rattan, K. Bathe, 
M. Kavosh, M.J. Los, D.H. Freed, T. Klonisch, G.N. Pierce, A.J. Halayko, I. 
M. Dixon, Autophagy regulates trans fatty acid-mediated apoptosis in primary 
cardiac myofibroblasts, Biochim. Biophys. Acta 1823 (12) (2012) 2274–2286. 

M.D.A. Paskeh et al.                                                                                                                                                                                                                           

http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124167516
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124167516
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124167516
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126374961
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126374961
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128031887
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128031887
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129306827
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129306827
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129433372
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129433372
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129433372
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130446578
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130446578
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130446578
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130446578
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130446578
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124295207
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124295207
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130376141
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130376141
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130376141
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124246795
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124246795
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124246795
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124246795
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118174248
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118174248
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118174248
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123284734
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123284734
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130435434
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130435434
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130525460
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130525460
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130525460
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130525460
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130525460
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132425319
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132425319
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132425319
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132425319
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126126237
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126126237
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126126237
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126126237
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127134357
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127134357
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180122272004
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180122272004
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119177033
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119177033
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119177033
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119177033
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121160549
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121160549
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121160549
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125494723
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125494723
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125494723
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125494723
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126275092
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126275092
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126275092
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126275092
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126275092
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116088486
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116088486
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116088486
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116088486
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127020727
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127020727
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119004548
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119004548
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119004548
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119004548


BBA - Molecular Basis of Disease 1868 (2022) 166326

17

[25] S. Ghavami, S. Gupta, E. Ambrose, M. Hnatowich, D.H. Freed, I.M. Dixon, 
Autophagy and heart disease: implications for cardiac ischemia-reperfusion 
damage, Curr. Mol. Med. 14 (5) (2014) 616–629. 

[26] M.R. Zeglinski, A.R. Moghadam, S.R. Ande, K. Sheikholeslami, P. Mokarram, 
Z. Sepehri, H. Rokni, N.K. Mohtaram, M. Poorebrahim, A. Masoom, M. Toback, 
N. Sareen, S. Saravanan, D.S. Jassal, M. Hashemi, H. Marzban, D. Schaafsma, 
P. Singal, J.T. Wigle, M.P. Czubryt, M. Akbari, I.M.C. Dixon, S. Ghavami, J. 
W. Gordon, S. Dhingra, Myocardial cell signaling during the transition to heart 
failure: cellular signaling and therapeutic approaches, Compr. Physiol. 9 (1) 
(2018) 75–125. 

[27] P. Peymani, B. Yeganeh, S. Sabour, B. Geramizadeh, M.R. Fattahi, H. Keyvani, 
N. Azarpira, K.M. Coombs, S. Ghavami, K.B. Lankarani, New use of an old drug: 
chloroquine reduces viral and ALT levels in HCV non-responders (a randomized, 
triple-blind, placebo-controlled pilot trial), Can. J. Physiol. Pharmacol. 94 (6) 
(2016) 613–619. 

[28] A. Seyfoori, M. Shokrollahi Barough, P. Mokarram, M. Ahmadi, P. Mehrbod, 
A. Sheidary, T. Madrakian, M. Kiumarsi, T. Walsh, K.D. McAlinden, C.C. Ghosh, 
P. Sharma, A.A. Zeki, S. Ghavami, M. Akbari, Emerging advances of 
nanotechnology in drug and vaccine delivery against viral associated respiratory 
infectious diseases (VARID), Int. J. Mol. Sci. 22 (13) (2021). 

[29] B. Yeganeh, S. Ghavami, M.N. Rahim, T. Klonisch, A.J. Halayko, K.M. Coombs, 
Autophagy activation is required for influenza a virus-induced apoptosis and 
replication, Biochim. Biophys. Acta Mol. Cell Res. 1865 (2) (2018) 364–378. 

[30] B. Yeganeh, A. Rezaei Moghadam, J. Alizadeh, E. Wiechec, S.M. Alavian, 
M. Hashemi, B. Geramizadeh, A. Samali, K. Bagheri Lankarani, M. Post, 
P. Peymani, K.M. Coombs, S. Ghavami, Hepatitis B and C virus-induced hepatitis: 
apoptosis, autophagy, and unfolded protein response, World J. Gastroenterol. 21 
(47) (2015) 13225–13239. 

[31] M. Aghaei, A. Nasimian, M. Rahmati, P. Kawalec, F. Machaj, J. Rosik, B. Bhushan, 
S.Z. Bathaie, N. Azarpira, M.J. Los, A. Samali, D. Perrin, J.W. Gordon, 
S. Ghavami, The role of BiP and the IRE1alpha-XBP1 Axis in rhabdomyosarcoma 
pathology, Cancers (Basel) 13 (19) (2021). 

[32] A. Emami, S. Shojaei, S.C. da Silva Rosa, M. Aghaei, E. Samiei, A.R. Vosoughi, 
F. Kalantari, P. Kawalec, J. Thliveris, P. Sharma, A.A. Zeki, M. Akbari, J. 
W. Gordon, S. Ghavami, Mechanisms of simvastatin myotoxicity: the role of 
autophagy flux inhibition, Eur. J. Pharmacol. 862 (2019), 172616. 

[33] M. Nikseresht, M. Shahverdi, M. Dehghani, H. Abidi, R. Mahmoudi, 
G. Ghalamfarsa, L. Manzouri, S. Ghavami, Association of single nucleotide 
autophagy-related protein 5 gene polymorphism rs2245214 with susceptibility to 
non-small cell lung cancer, J. Cell. Biochem. 120 (2) (2018) 1924–1931. 

[34] K. Qureshi-Baig, D. Kuhn, E. Viry, V.I. Pozdeev, M. Schmitz, F. Rodriguez, 
P. Ullmann, E. Koncina, M. Nurmik, S. Frasquilho, P.V. Nazarov, N. Zuegel, 
M. Boulmont, Y. Karapetyan, L. Antunes, D. Val, M. Mittelbronn, B. Janji, 
S. Haan, E. Letellier, Hypoxia-induced autophagy drives colorectal cancer 
initiation and progression by activating the PRKC/PKC-EZR (ezrin) pathway, 
Autophagy 16 (8) (2020) 1436–1452. 

[35] E. Stefanek, E. Samiei, M. Kavoosi, M. Esmaeillou, K. Roustai Geraylow, 
A. Emami, M. Ashrafizadeh, D. Perrin, J.W. Gordon, M. Akbari, S. Ghavami, 
A bioengineering method for modeling alveolar rhabdomyosarcoma and assessing 
chemotherapy responses, MethodsX 8 (2021), 101473. 

[36] M. Ashrafizadeh, A. Zarrabi, S. Orouei, H. Kiavash, A. Hakimi, Z. Amirhossein, 
S. Daneshi, S. Samarghandian, B. Baradaran, M. Najafi, MicroRNA-mediated 
autophagy regulation in cancer therapy: the role in chemoresistance/ 
chemosensitivity, Eur. J. Pharmacol. 892 (2021), 173660. 

[37] P. Brun, E. Tarricone, A. Di Stefano, E. Mattiuzzo, P. Mehrbod, S. Ghavami, 
A. Leonardi, The regulatory activity of autophagy in conjunctival fibroblasts and 
its possible role in vernal keratoconjunctivitis, J. Allergy Clin. Immunol. 146 (5) 
(2020) 1210–1213 e1219. 

[38] P. Peymani, T. Dehesh, F. Aligolighasemabadi, M. Sadeghdoust, K. Kotfis, 
M. Ahmadi, P. Mehrbod, P. Iranpour, S. Dastghaib, A. Nasimian, A. Ravandi, 
B. Kidane, N. Ahmed, P. Sharma, S. Shojaei, K. Bagheri Lankarani, A. Madej, 
N. Rezaei, T. Madrakian, M.J. Los, H.I. Labouta, P. Mokarram, S. Ghavami, Statins 
in patients with COVID-19: a retrospective cohort study in Iranian COVID-19 
patients, Transl. Med. Commun. 6 (1) (2021) 3. 

[39] B. Yeganeh, A. Rezaei Moghadam, A.T. Tran, M.N. Rahim, S.R. Ande, 
M. Hashemi, K.M. Coombs, S. Ghavami, Asthma and influenza virus infection: 
focusing on cell death and stress pathways in influenza virus replication, Iran. J. 
Allergy Asthma Immunol. 12 (1) (2013) 1–17. 

[40] P. Sharma, K.D. McAlinden, S. Ghavami, D.A. Deshpande, Chloroquine: 
autophagy inhibitor, antimalarial, bitter taste receptor agonist in fight against 
COVID-19, a reality check? Eur. J. Pharmacol. 897 (2021), 173928. 

[41] J.A. Zamame Ramirez, G.G. Romagnoli, B.F. Falasco, C.M. Gorgulho, C. Sanzochi 
Fogolin, D.C. Dos Santos, J.P.A. Junior, M.T. Lotze, R.P. Ureshino, R. Kaneno, 
Blocking drug-induced autophagy with chloroquine in HCT-116 colon cancer 
cells enhances DC maturation and T cell responses induced by tumor cell lysate, 
Int. Immunopharmacol. 84 (2020), 106495. 

[42] Q. Mei, Y. Zeng, C. Huang, J. Zheng, Y. Guo, J. Fan, X. Fu, X. Wang, Y. Lu, 
Rapamycin alleviates hypertriglyceridemia-related acute pancreatitis via 
restoring autophagy flux and inhibiting endoplasmic reticulum stress, 
Inflammation 43 (4) (2020) 1510–1523. 

[43] D. Kong, Z. Zhang, L. Chen, W. Huang, F. Zhang, L. Wang, Y. Wang, P. Cao, 
S. Zheng, Curcumin blunts epithelial-mesenchymal transition of hepatocytes to 
alleviate hepatic fibrosis through regulating oxidative stress and autophagy, 
Redox Biol. 36 (2020), 101600. 

[44] M. Li, X. Wu, P. An, H. Dang, Y. Liu, R. Liu, Effects of resveratrol on autophagy 
and the expression of inflammasomes in a placental trophoblast oxidative stress 
model, Life Sci. 256 (2020), 117890. 

[45] J. Hu, S. Kong, T. Dong, Z. Lin, Q. Zhang, X. Chen, Y. Gong, X. Fan, M. He, 
H. Zhou, Autophagy modulates mesenchymal-to-endothelial transition via p53, 
Aging (Albany NY) 12 (21) (2020) 22112–22121. 

[46] G. Salazar, A. Cullen, J. Huang, Y. Zhao, A. Serino, L. Hilenski, N. Patrushev, 
F. Forouzandeh, H.S. Hwang, SQSTM1/p62 and PPARGC1A/PGC-1alpha at the 
interface of autophagy and vascular senescence, Autophagy 16 (6) (2020) 
1092–1110. 

[47] Y. Zhao, Z. Zou, D. Sun, Y. Li, S.C. Sinha, L. Yu, L. Bennett, B. Levine, GLIPR2 is a 
negative regulator of autophagy and the BECN1-ATG14-containing 
phosphatidylinositol 3-kinase complex, Autophagy 17 (10) (2021) 2891–2904. 

[48] M. Ashrafizadeh, S. Mirzaei, M.H. Gholami, F. Hashemi, A. Zabolian, M. Raei, 
K. Hushmandi, A. Zarrabi, N.H. Voelcker, A.R. Aref, M.R. Hamblin, R.S. Varma, 
S. Samarghandian, I.J. Arostegi, M. Alzola, A.P. Kumar, V.K. Thakur, N. Nabavi, 
P. Makvandi, F.R. Tay, G. Orive, Hyaluronic acid-based nanoplatforms for 
doxorubicin: a review of stimuli-responsive carriers, co-delivery and resistance 
suppression, Carbohydr. Polym. 272 (2021), 118491. 

[49] S. Mirzaei, M.H. Gholami, F. Hashemi, A. Zabolian, M.V. Farahani, K. Hushmandi, 
A. Zarrabi, A. Goldman, M. Ashrafizadeh, G. Orive, Advances in understanding 
the role of P-gp in doxorubicin resistance: molecular pathways, therapeutic 
strategies, and prospects, Drug Discov. Today (2021), https://doi.org/10.1016/j. 
drudis.2021.09.020. 

[50] S. Mirzaei, M.H. Gholami, F. Hashemi, A. Zabolian, K. Hushmandi, V. Rahmanian, 
M. Entezari, Y.R. Girish, K.S. Sharath Kumar, A.R. Aref, P. Makvandi, 
M. Ashrafizadeh, A. Zarrabi, H. Khan, Employing siRNA tool and its delivery 
platforms in suppressing cisplatin resistance: approaching to a new era of cancer 
chemotherapy, Life Sci. 277 (2021), 119430. 

[51] E.R. Moghadam, H.L. Ang, S.E. Asnaf, A. Zabolian, H. Saleki, M. Yavari, 
H. Esmaeili, A. Zarrabi, M. Ashrafizadeh, A.P. Kumar, Broad-spectrum preclinical 
antitumor activity of Chrysin: current trends and future perspectives, 
Biomolecules 10 (10) (2020) 1374. 

[52] M.A. Moosavi, M. Sharifi, S.M. Ghafary, Z. Mohammadalipour, A. Khataee, 
M. Rahmati, S. Hajjaran, M.J. Los, T. Klonisch, S. Ghavami, Photodynamic N- 
TiO2 nanoparticle treatment induces controlled ROS-mediated autophagy and 
terminal differentiation of leukemia cells, Sci. Rep. 6 (2016) 34413. 

[53] S. Tavakol, M. Ashrafizadeh, S. Deng, M. Azarian, A. Abdoli, M. Motavaf, 
D. Poormoghadam, H. Khanbabaei, E.G. Afshar, A. Mandegary, A. Pardakhty, C. 
T. Yap, R. Mohammadinejad, A.P. Kumar, Autophagy modulators: mechanistic 
aspects and drug delivery systems, Biomolecules 9 (10) (2019) 530. 

[54] S. Golbabapour, K. Bagheri-Lankarani, S. Ghavami, B. Geramizadeh, Autoimmune 
hepatitis and stellate cells: an insight into the role of autophagy, Curr. Med. 
Chem. 27 (35) (2020) 6073–6095. 

[55] M. Iranpour, A.R. Moghadam, M. Yazdi, S.R. Ande, J. Alizadeh, E. Wiechec, 
R. Lindsay, M. Drebot, K.M. Coombs, S. Ghavami, Apoptosis, autophagy and 
unfolded protein response pathways in arbovirus replication and pathogenesis, 
Expert Rev. Mol. Med. 18 (2016), e1. 

[56] B. Zhou, J. Liu, R. Kang, D.J. Klionsky, G. Kroemer, D. Tang, Ferroptosis is a type 
of autophagy-dependent cell death, Semin. Cancer Biol. 66 (2020) 89–100. 

[57] C. Chung, W. Seo, P. Silwal, E.-K. Jo, Oncology, Crosstalks between 
inflammasome and autophagy in cancer, J. Hematol. 13 (1) (2020) 1–17. 

[58] S. Shojaei, M. Suresh, D.J. Klionsky, H.I. Labouta, S. Ghavami, Autophagy and 
SARS-CoV-2 infection: apossible smart targeting of the autophagy pathway, 
Virulence 11 (1) (2020) 805–810. 

[59] J. Alizadeh, S. Shojaei, A. Sepanjnia, M. Hashemi, E. Eftekharpour, S. Ghavami, 
Simultaneous detection of autophagy and epithelial to mesenchymal transition in 
the non-small cell lung cancer cells, Methods Mol. Biol. 1854 (2019) 87–103. 

[60] R.C. Russell, Y. Tian, H. Yuan, H.W. Park, Y.Y. Chang, J. Kim, H. Kim, T. 
P. Neufeld, A. Dillin, K.L. Guan, ULK1 induces autophagy by phosphorylating 
Beclin-1 and activating VPS34 lipid kinase, Nat. Cell Biol. 15 (7) (2013) 741–750. 

[61] A.A. Zeki, B. Yeganeh, N.J. Kenyon, M. Post, S. Ghavami, Autophagy in airway 
diseases: a new frontier in human asthma? Allergy 71 (1) (2016) 5–14. 

[62] S.P. Metur, D.J. Klionsky, Adaptive immunity at the crossroads of autophagy and 
metabolism, Cell.Mol. Immunol. (2021) 1–10. 

[63] S. Ghavami, M.M. Mutawe, D. Schaafsma, B. Yeganeh, H. Unruh, T. Klonisch, A. 
J. Halayko, Geranylgeranyl transferase 1 modulates autophagy and apoptosis in 
human airway smooth muscle, Am. J. Physiol. Lung Cell Mol. Physiol. 302 (4) 
(2012) L420–L428. 

[64] S. Ghavami, P. Sharma, B. Yeganeh, O.O. Ojo, A. Jha, M.M. Mutawe, H. 
H. Kashani, M.J. Los, T. Klonisch, H. Unruh, A.J. Halayko, Airway mesenchymal 
cell death by mevalonate cascade inhibition: integration of autophagy, unfolded 
protein response and apoptosis focusing on Bcl2 family proteins, Biochim. 
Biophys. Acta 1843 (7) (2014) 1259–1271. 

[65] Y. Kabeya, N. Mizushima, T. Ueno, A. Yamamoto, T. Kirisako, T. Noda, 
E. Kominami, Y. Ohsumi, T. Yoshimori, LC3, a mammalian homologue of yeast 
Apg8p, is localized in autophagosome membranes after processing, EMBO J. 19 
(21) (2000) 5720–5728. 

[66] Y. Kabeya, N. Mizushima, A. Yamamoto, S. Oshitani-Okamoto, Y. Ohsumi, 
T. Yoshimori, LC3, GABARAP and GATE16 localize to autophagosomal 
membrane depending on form-II formation, J. Cell Sci. 117 (Pt 13) (2004) 
2805–2812. 

[67] X. Wen, D.J. Klionsky, At a glance: a history of autophagy and cancer, Semin. 
Cancer Biol. 66 (2020) 3–11. 

M.D.A. Paskeh et al.                                                                                                                                                                                                                           

http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119070214
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119070214
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119070214
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125172113
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125172113
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125172113
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125172113
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125172113
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125172113
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125172113
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130018099
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130018099
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130018099
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130018099
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130018099
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130352741
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130352741
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130352741
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130352741
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130352741
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124330592
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124330592
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124330592
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124376787
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124376787
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124376787
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124376787
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124376787
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124160317
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124160317
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124160317
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124160317
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126481174
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126481174
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126481174
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126481174
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121516218
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121516218
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121516218
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121516218
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130140364
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130140364
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130140364
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130140364
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130140364
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130140364
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130589270
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130589270
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130589270
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130589270
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116197704
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116197704
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116197704
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116197704
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118234901
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118234901
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118234901
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118234901
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130003822
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130003822
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130003822
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130003822
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130003822
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130003822
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116036448
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116036448
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116036448
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116036448
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130378126
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130378126
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130378126
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125142364
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125142364
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125142364
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125142364
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125142364
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128537979
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128537979
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128537979
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128537979
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127588473
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127588473
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127588473
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127588473
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128088146
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128088146
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128088146
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127097438
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127097438
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127097438
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130302072
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130302072
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130302072
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130302072
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126071788
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126071788
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126071788
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125121858
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125121858
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125121858
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125121858
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125121858
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125121858
https://doi.org/10.1016/j.drudis.2021.09.020
https://doi.org/10.1016/j.drudis.2021.09.020
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129170332
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129170332
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129170332
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129170332
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129170332
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129322951
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129322951
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129322951
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129322951
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129358936
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129358936
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129358936
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129358936
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131043417
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131043417
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131043417
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131043417
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127018791
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127018791
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127018791
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127303696
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127303696
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127303696
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127303696
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126165443
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126165443
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123532190
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123532190
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134213412
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134213412
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134213412
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124350432
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124350432
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124350432
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135052840
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135052840
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135052840
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125195055
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125195055
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121182275
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121182275
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132434634
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132434634
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132434634
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132434634
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132455294
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132455294
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132455294
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132455294
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132455294
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121046210
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121046210
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121046210
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121046210
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121059356
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121059356
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121059356
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121059356
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123595410
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123595410


BBA - Molecular Basis of Disease 1868 (2022) 166326

18

[68] C.S. Bhol, D.P. Panigrahi, P.P. Praharaj, K.K. Mahapatra, S. Patra, S.R. Mishra, B. 
P. Behera, S.K. Bhutia, Epigenetic modifications of autophagy in cancer and 
cancer therapeutics, Semin. Cancer Biol. 66 (2020) 22–33. 

[69] C. Vidoni, A. Ferraresi, E. Secomandi, L. Vallino, D.N. Dhanasekaran, C. Isidoro, 
Epigenetic targeting of autophagy for cancer prevention and treatment by natural 
compounds, Semin. Cancer Biol. 66 (2020) 34–44. 

[70] X. Wen, Y. Yang, D.J. Klionsky, Moments in autophagy and disease: past and 
present, Mol. Asp. Med. 100966 (2021). 

[71] Y. Liu, Y. Wang, J. Liu, R. Kang, D. Tang, Interplay between MTOR and GPX4 
signaling modulates autophagy-dependent ferroptotic cancer cell death, Cancer 
Gene Ther. 28 (1–2) (2021) 55–63. 

[72] P. Zhang, L. Ling, Z. Zheng, Y. Zhang, R. Wang, M. Wu, N. Zhang, M. Hu, X. Yang, 
ATG7-dependent and independent autophagy determine the type of treatment in 
lung cancer, Pharmacol. Res. 163 (2021), 105324. 

[73] C. Bai, Z. Zhang, L. Zhou, H.Y. Zhang, Y. Chen, Y. Tang, Repurposing 
ziyuglycoside II against colorectal cancer via orchestrating apoptosis and 
autophagy, Front. Pharmacol. 11 (2020), 576547. 

[74] T. Tang, Q. Xia, M. Xi, Dihydroartemisinin and its anticancer activity against 
endometrial carcinoma and cervical cancer: involvement of apoptosis, autophagy 
and transferrin receptor, Singap. Med. J. 62 (2) (2021) 96–103. 

[75] Z. Li, X. Tian, X. Ji, J. Wang, H. Chen, D. Wang, X. Zhang, ULK1-ATG13 and their 
mitotic phospho-regulation by CDK1 connect autophagy to cell cycle, PLoS Biol. 
18 (6) (2020), e3000288. 

[76] T. Lin, Q. Zhang, A. Yuan, B. Wang, F. Zhang, Y. Ding, W. Cao, W. Chen, H. Guo, 
Synergy of tumor microenvironment remodeling and autophagy inhibition to 
sensitize radiation for bladder cancer treatment, Theranostics 10 (17) (2020) 
7683–7696. 

[77] S. Dastghaib, S. Shojaei, Z. Mostafavi-Pour, P. Sharma, J.B. Patterson, A. Samali, 
P. Mokarram, S. Ghavami, Simvastatin induces unfolded protein response and 
enhances temozolomide-induced cell death in glioblastoma cells, Cells 9 (11) 
(2020). 

[78] G.M. Li, L. Li, M.Q. Li, X. Chen, Q. Su, Z.J. Deng, H.B. Liu, B. Li, W.H. Zhang, Y. 
X. Jia, W.J. Wang, J.Y. Ma, H.L. Zhang, D. Xie, X.F. Zhu, Y.L. He, X.Y. Guan, J. Bi, 
DAPK3 inhibits gastric cancer progression via activation of ULK1-dependent 
autophagy, Cell Death Differ. 28 (3) (2021) 952–967. 

[79] N.P. Ozates, F. Sogutlu, F. Lerminoglu, B. Demir, C. Gunduz, B. Shademan, C. 
B. Avci, Effects of rapamycin and AZD3463 combination on apoptosis, autophagy, 
and cell cycle for resistance control in breast cancer, Life Sci. 264 (2021), 118643. 

[80] S. Patergnani, A. Danese, E. Bouhamida, G. Aguiari, M. Previati, P. Pinton, 
C. Giorgi, Various aspects of calcium signaling in the regulation of apoptosis, 
autophagy, cell proliferation, and cancer, Int. J. Mol. Sci. 21 (21) (2020). 

[81] M.A. Rahman, M.D.H. Rahman, M.S. Hossain, P. Biswas, R. Islam, M.J. Uddin, M. 
H. Rahman, H. Rhim, Molecular insights into the multifunctional role of natural 
compounds: autophagy modulation and cancer prevention, Biomedicines 8 (11) 
(2020). 

[82] S. Shojaei, N. Koleini, E. Samiei, M. Aghaei, L.K. Cole, J. Alizadeh, M.I. Islam, A. 
R. Vosoughi, M. Albokashy, Y. Butterfield, H. Marzban, F. Xu, J. Thliveris, 
E. Kardami, G.M. Hatch, E. Eftekharpour, M. Akbari, S. Hombach-Klonisch, 
T. Klonisch, S. Ghavami, Simvastatin increases temozolomide-induced cell death 
by targeting the fusion of autophagosomes and lysosomes, FEBS J. 287 (5) (2020) 
1005–1034. 

[83] Q. Zhu, Q. Zhang, M. Gu, K. Zhang, T. Xia, S. Zhang, W. Chen, H. Yin, H. Yao, 
Y. Fan, S. Pan, H. Xie, H. Liu, T. Cheng, P. Zhang, T. Zhang, B. You, Y. You, 
MIR106A-5p upregulation suppresses autophagy and accelerates malignant 
phenotype in nasopharyngeal carcinoma, Autophagy 17 (7) (2021) 1667–1683. 

[84] E. Samiei, A. Seyfoori, B. Toyota, S. Ghavami, M. Akbari, Investigating 
programmed cell death and tumor invasion in a three-dimensional (3D) 
microfluidic model of glioblastoma, Int. J. Mol. Sci. 21 (9) (2020). 

[85] W. Han, F. Yu, R. Wang, W. Guan, F. Zhi, Valproic acid sensitizes glioma cells to 
luteolin through induction of apoptosis and autophagy via akt signaling, Cell. 
Mol. Neurobiol. 41 (8) (2021) 1625–1634. 

[86] J. Zhang, Z. Zhang, M. Jiang, S. Li, H. Yuan, H. Sun, F. Yang, H. Liang, Developing 
a novel gold(III) agent to treat glioma based on the unique properties of 
apoferritin nanoparticles: inducing lethal autophagy and apoptosis, J. Med. 
Chem. 63 (22) (2020) 13695–13708. 

[87] Z. Wang, X. Wang, F. Cheng, X. Wen, S. Feng, F. Yu, H. Tang, Z. Liu, X. Teng, 
Rapamycin inhibits glioma cells growth and promotes autophagy by miR-26a-5p/ 
DAPK1 axis, Cancer Manag. Res. 13 (2021) 2691–2700. 

[88] J. Du, J. Li, D. Song, Q. Li, L. Li, B. Li, L. Li, Matrine exerts antibreast cancer 
activity by mediating apoptosis and protective autophagy via the AKT/mTOR 
pathway in MCF7 cells, Mol. Med. Rep. 22 (5) (2020) 3659–3666. 

[89] A. Alhoshani, F.O. Alatawi, F.E. Al-Anazi, I.M. Attafi, A. Zeidan, A. Agouni, H. 
M. El Gamal, L.S. Shamoon, S. Khalaf, H.M. Korashy, BCL-2 inhibitor venetoclax 
induces autophagy-associated cell death, cell cycle arrest, and apoptosis in human 
breast cancer cells, Onco Targets Ther. 13 (2020) 13357–13370. 

[90] J. Wu, Y. Wu, X. Lian, Targeted inhibition of GRP78 by HA15 promotes apoptosis 
of lung cancer cells accompanied by ER stress and autophagy, Biol. Open 9 (11) 
(2020). 

[91] W. Lei, Z. Huo, Jervine inhibits non-small cell lung cancer (NSCLC) progression 
by suppressing hedgehog and AKT signaling via triggering autophagy-regulated 
apoptosis, Biochem. Biophys. Res. Commun. 533 (3) (2020) 397–403. 

[92] F. Zhao, O. Vakhrusheva, S.D. Markowitsch, K.S. Slade, I. Tsaur, J. Cinatl Jr., 
M. Michaelis, T. Efferth, A. Haferkamp, E. Juengel, Artesunate impairs growth in 
cisplatin-resistant bladder cancer cells by cell cycle arrest, apoptosis and 
autophagy induction, Cells 9 (12) (2020). 

[93] X. Zhou, Y. Chen, F. Wang, H. Wu, Y. Zhang, J. Liu, Y. Cai, S. Huang, N. He, Z. Hu, 
X. Jin, Artesunate induces autophagy dependent apoptosis through upregulating 
ROS and activating AMPK-mTOR-ULK1 axis in human bladder cancer cells, 
Chem. Biol. Interact. 331 (2020), 109273. 

[94] J. Chen, F. Wang, H. Xu, L. Xu, D. Chen, J. Wang, S. Huang, Y. Wen, L. Fang, Long 
non-coding RNA SNHG1 regulates the Wnt/beta-catenin and PI3K/AKT/mTOR 
signaling pathways via EZH2 to affect the proliferation, apoptosis, and autophagy 
of prostate cancer cell, Front. Oncol. 10 (2020), 552907. 

[95] M. Lin, Q. Zhu, Y. Li, J. Pan, Peperomin E induces apoptosis and cytoprotective 
autophagy in human prostate cancer DU145 cells in vitro and in vivo, Planta Med. 
87 (8) (2021) 620–630. 

[96] G. Yang, Z. Li, L. Dong, F. Zhou, lncRNA ADAMTS9-AS1 promotes bladder cancer 
cell invasion, migration, and inhibits apoptosis and autophagy through PI3K/ 
AKT/mTOR signaling pathway, Int. J. Biochem. Cell Biol. 140 (2021), 106069. 

[97] H.H. Cha, J.R. Hwang, H.Y. Kim, S.J. Choi, S.Y. Oh, C.R. Roh, Autophagy induced 
by tumor necrosis factor alpha mediates intrinsic apoptosis in trophoblastic cells, 
Reprod. Sci. 21 (5) (2014) 612–622. 

[98] A.A. Goldberg, B. Nkengfac, A.M.J. Sanchez, N. Moroz, S.T. Qureshi, A. 
E. Koromilas, S. Wang, Y. Burelle, S.N. Hussain, A.S. Kristof, Regulation of ULK1 
expression and autophagy by STAT1, J. Biol. Chem. 292 (5) (2017) 1899–1909. 

[99] T. Maruyama, N.N. Noda, Autophagy-regulating protease Atg4: structure, 
function, regulation and inhibition, J. Antibiot. 71 (1) (2018) 72–78. 

[100] M.J. Munson, I.G. Ganley, MTOR, PIK3C3, and autophagy: signaling the 
beginning from the end, Autophagy 11 (12) (2015) 2375–2376. 

[101] M. Pierdominici, A. Maselli, S.L. Locatelli, L. Ciarlo, G. Careddu, M. Patrizio, 
B. Ascione, A. Tinari, C. Carlo-Stella, W. Malorni, P. Matarrese, E. Ortona, 
Estrogen receptor beta ligation inhibits hodgkin lymphoma growth by inducing 
autophagy, Oncotarget 8 (5) (2017) 8522–8535. 

[102] L. Poillet, N. Pernodet, M. Boyer-Guittaut, P. Adami, C. Borg, M. Jouvenot, 
R. Delage-Mourroux, G. Despouy, QSOX1 inhibits autophagic flux in breast cancer 
cells, PLoS One 9 (1) (2014), e86641. 

[103] C. Settembre, A. Fraldi, L. Jahreiss, C. Spampanato, C. Venturi, D. Medina, R. de 
Pablo, C. Tacchetti, D.C. Rubinsztein, A. Ballabio, A block of autophagy in 
lysosomal storage disorders, Hum. Mol. Genet. 17 (1) (2008) 119–129. 

[104] L. Zheng, W. Wang, J. Ni, X. Mao, D. Song, T. Liu, J. Wei, H. Zhou, Role of 
autophagy in tumor necrosis factor-α-induced apoptosis of osteoblast cells, 
J. Investig. Med. 65 (6) (2017) 1014–1020. 

[105] Z. Zhong, E. Sanchez-Lopez, M. Karin, Autophagy, NLRP3 inflammasome and 
auto-inflammatory/immune diseases, Clin. Exp. Rheumatol. 34 (4 Suppl 98) 
(2016) 12–16. 

[106] A. Kuma, M. Komatsu, N. Mizushima, Autophagy-monitoring and autophagy- 
deficient mice, Autophagy 13 (10) (2017) 1619–1628. 

[107] T.G. McWilliams, A.R. Prescott, G.F. Allen, J. Tamjar, M.J. Munson, C. Thomson, 
M.M. Muqit, I.G. Ganley, Mito-QC illuminates mitophagy and mitochondrial 
architecture in vivo, J. Cell Biol. 214 (3) (2016) 333–345. 

[108] N. Sun, J. Yun, J. Liu, D. Malide, C. Liu, I.I. Rovira, K.M. Holmstrom, M. 
M. Fergusson, Y.H. Yoo, C.A. Combs, T. Finkel, Measuring in vivo mitophagy, 
Mol. Cell 60 (4) (2015) 685–696. 

[109] H. Harada, E. Warabi, T. Matsuki, T. Yanagawa, K. Okada, J. Uwayama, A. Ikeda, 
K. Nakaso, K. Kirii, N. Noguchi, H. Bukawa, R.C. Siow, G.E. Mann, J. Shoda, 
T. Ishii, T. Sakurai, Deficiency of p62/Sequestosome 1 causes hyperphagia due to 
leptin resistance in the brain, J. Neurosci. 33 (37) (2013) 14767–14777. 

[110] A. Rodriguez, A. Duran, M. Selloum, M.F. Champy, F.J. Diez-Guerra, J.M. Flores, 
M. Serrano, J. Auwerx, M.T. Diaz-Meco, J. Moscat, Mature-onset obesity and 
insulin resistance in mice deficient in the signaling adapter p62, Cell Metab. 3 (3) 
(2006) 211–222. 

[111] K. Slowicka, L. Vereecke, C. Mc Guire, M. Sze, J. Maelfait, A. Kolpe, X. Saelens, 
R. Beyaert, G. van Loo, Optineurin deficiency in mice is associated with increased 
sensitivity to salmonella but does not affect proinflammatory NF-kappaB 
signaling, Eur. J. Immunol. 46 (4) (2016) 971–980. 

[112] D.C. Pant, T.Y. Nazarko, Selective autophagy: the rise of the zebrafish model, 
Autophagy (2020) 1–9. 

[113] S. Yin, X. Guo, J. Li, L. Fan, H. Hu, Fumonisin B1 induces autophagic cell death 
via activation of ERN1-MAPK8/9/10 pathway in monkey kidney MARC-145 cells, 
Arch. Toxicol. 90 (4) (2016) 985–996. 

[114] S. Koinuma, N. Shimozawa, Y. Yasutomi, N. Kimura, Aging induces abnormal 
accumulation of Abeta in extracellular vesicle and/or intraluminal membrane 
vesicle-rich fractions in nonhuman primate brain, Neurobiol. Aging 106 (2021) 
268–281. 

[115] J.L. Ebersole, R. Nagarajan, S. Kirakodu, O.A. Gonzalez, Transcriptomic phases of 
periodontitis lesions using the nonhuman primate model, Sci. Rep. 11 (1) (2021) 
9282. 

[116] S. Deng, M. Wang, Z. Yan, Z. Tian, H. Chen, X. Yang, Y. Zhuo, Autophagy in 
retinal ganglion cells in a rhesus monkey chronic hypertensive glaucoma model, 
PLoS One 8 (10) (2013), e77100. 

[117] F. Xu, M.S. Lawson, S.P. Campbell, O.Y. Tkachenko, B.S. Park, C.V. Bishop, J. Xu, 
Stage-dependent actions of antimullerian hormone in regulating granulosa cell 
proliferation and follicular function in the primate ovary, F&S Sci. 1 (2) (2020) 
161–171. 

[118] S. Indoria, V. Singh, M.F. Hsieh, Recent advances in theranostic polymeric 
nanoparticles for cancer treatment: a review, Int. J. Pharm. 582 (2020), 119314. 

[119] B. Begines, T. Ortiz, M. Perez-Aranda, G. Martinez, M. Merinero, F. Arguelles- 
Arias, A. Alcudia, Polymeric nanoparticles for drug delivery: recent developments 
and future prospects, Nanomaterials (Basel) 10 (7) (2020) 1403. 

[120] K.H. Wong, A. Lu, X. Chen, Z. Yang, Natural ingredient-based polymeric 
nanoparticles for cancer treatment, Molecules 25 (16) (2020) 3620. 

M.D.A. Paskeh et al.                                                                                                                                                                                                                           

http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126166381
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126166381
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126166381
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131188415
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131188415
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131188415
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180115299302
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180115299302
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128320359
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128320359
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128320359
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125385877
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125385877
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125385877
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117003502
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117003502
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117003502
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131049049
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131049049
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131049049
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128209287
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128209287
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128209287
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135372738
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135372738
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135372738
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135372738
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126297695
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126297695
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126297695
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126297695
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128071533
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128071533
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128071533
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128071533
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121549032
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121549032
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121549032
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129587148
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129587148
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129587148
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130160636
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130160636
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130160636
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130160636
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134199795
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134199795
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134199795
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134199795
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134199795
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134199795
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126194584
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126194584
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126194584
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126194584
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130312505
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130312505
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130312505
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180133362228
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180133362228
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180133362228
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125211106
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125211106
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125211106
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125211106
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123420502
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123420502
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123420502
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126407506
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126407506
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126407506
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180115541779
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180115541779
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180115541779
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180115541779
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180115383816
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180115383816
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180115383816
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128015893
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128015893
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128015893
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117448111
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117448111
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117448111
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117448111
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126177807
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126177807
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126177807
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126177807
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118380288
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118380288
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118380288
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118380288
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128256296
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128256296
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128256296
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124218717
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124218717
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124218717
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126187986
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126187986
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126187986
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180133209269
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180133209269
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180133209269
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128515611
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128515611
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129428617
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129428617
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130081454
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130081454
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130081454
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130081454
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130111306
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130111306
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130111306
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135046982
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135046982
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135046982
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126110484
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126110484
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126110484
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126155388
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126155388
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126155388
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127585446
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127585446
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121173109
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121173109
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121173109
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123543707
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123543707
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123543707
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119133303
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119133303
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119133303
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119133303
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130219409
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130219409
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130219409
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130219409
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134228680
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134228680
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134228680
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134228680
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180122182312
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180122182312
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124422023
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124422023
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124422023
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127572374
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127572374
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127572374
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127572374
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126502721
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126502721
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126502721
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180136134163
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180136134163
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180136134163
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124154971
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124154971
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124154971
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124154971
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127274735
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127274735
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126099779
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126099779
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126099779
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124032104
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124032104


BBA - Molecular Basis of Disease 1868 (2022) 166326

19

[121] S. Khaledi, S. Jafari, S. Hamidi, O. Molavi, S. Davaran, Preparation and 
characterization of PLGA-PEG-PLGA polymeric nanoparticles for co-delivery of 5- 
fluorouracil and chrysin, J. Biomater. Sci. Polym. Ed. 31 (9) (2020) 1107–1126. 

[122] K. Wen, L. Wu, X. Wu, Y. Lu, T. Duan, H. Ma, A. Peng, Q. Shi, H. Huang, Precisely 
tuning photothermal and photodynamic effects of polymeric nanoparticles by 
controlled copolymerization, Angew. Chem. Int. Ed. Engl. 59 (31) (2020) 
12756–12761. 

[123] A. Ahmed, S. Sarwar, Y. Hu, M.U. Munir, M.F. Nisar, F. Ikram, A. Asif, S. 
U. Rahman, A.A. Chaudhry, I.U. Rehman, Surface-modified polymeric 
nanoparticles for drug delivery to cancer cells, Expert Opin. Drug Deliv. 18 (1) 
(2021) 1–24. 

[124] Y. Hao, Y. Chen, X. He, Y. Yu, R. Han, Y. Li, C. Yang, D. Hu, Z. Qian, Polymeric 
nanoparticles with ROS-responsive prodrug and platinum nanozyme for enhanced 
chemophotodynamic therapy of colon cancer, Adv. Sci. (Weinh.) 7 (20) (2020) 
2001853. 

[125] Y. Wang, Y.X. Lin, Z.Y. Qiao, H.W. An, S.L. Qiao, L. Wang, R.P. Rajapaksha, 
H. Wang, Self-assembled autophagy-inducing polymeric nanoparticles for breast 
cancer interference in-vivo, Adv. Mater. 27 (16) (2015) 2627–2634. 

[126] W. Saiyin, D. Wang, L. Li, L. Zhu, B. Liu, L. Sheng, Y. Li, B. Zhu, L. Mao, G. Li, 
X. Zhu, Sequential release of autophagy inhibitor and chemotherapeutic drug 
with polymeric delivery system for oral squamous cell carcinoma therapy, Mol. 
Pharm. 11 (5) (2014) 1662–1675. 

[127] Y.X. Lin, Y.J. Gao, Y. Wang, Z.Y. Qiao, G. Fan, S.L. Qiao, R.X. Zhang, L. Wang, 
H. Wang, pH-sensitive polymeric nanoparticles with gold(I) compound payloads 
synergistically induce cancer cell death through modulation of autophagy, Mol. 
Pharm. 12 (8) (2015) 2869–2878. 

[128] Y.X. Lin, Y. Wang, S.L. Qiao, H.W. An, R.X. Zhang, Z.Y. Qiao, R.P. Rajapaksha, 
L. Wang, H. Wang, pH-sensitive polymeric nanoparticles modulate autophagic 
effect via lysosome impairment, Small 12 (21) (2016) 2921–2931. 

[129] G. Tom, S. Philip, R. Isaac, P.K. Praseetha, S.G. Jiji, V.V. Asha, Preparation of an 
efficient and safe polymeric-magnetic nanoparticle delivery system for sorafenib 
in hepatocellular carcinoma, Life Sci. 206 (2018) 10–21. 

[130] B. Ates, S. Koytepe, A. Ulu, C. Gurses, V.K. Thakur, Chemistry, structures, and 
advanced applications of nanocomposites from biorenewable resources, Chem. 
Rev. 120 (17) (2020) 9304–9362. 

[131] M. Ashrafizadeh, Z. Ahmadi, N. Mohamadi, A. Zarrabi, S. Abasi, 
G. Dehghannoudeh, R.N. Tamaddondoust, H. Khanbabaei, R. Mohammadinejad, 
V.K. Thakur, Chitosan-based advanced materials for docetaxel and paclitaxel 
delivery: recent advances and future directions in cancer theranostics, Int. J. Biol. 
Macromol. 145 (2020) 282–300. 

[132] H.-Q. Mao, K. Roy, V.L. Troung-Le, K.A. Janes, K.Y. Lin, Y. Wang, J.T. August, K. 
W. Leong, Chitosan-DNA nanoparticles as gene carriers: synthesis, 
characterization and transfection efficiency, J. Control. Release 70 (3) (2001) 
399–421. 

[133] H.J. Yen, Y.A. Young, T.N. Tsai, K.M. Cheng, X.A. Chen, Y.C. Chen, C.C. Chen, J. 
J. Young, P.D. Hong, Positively charged gold nanoparticles capped with folate 
quaternary chitosan: synthesis, cytotoxicity, and uptake by cancer cells, 
Carbohydr. Polym. 183 (2018) 140–150. 

[134] S. Hirano, Chitin biotechnology applications, Biotechnol. Annu. Rev. 2 (1996) 
237–258. 

[135] I. Tsigos, A. Martinou, D. Kafetzopoulos, V. Bouriotis, Chitin deacetylases: new, 
versatile tools in biotechnology, Trends Biotechnol. 18 (7) (2000) 305–312. 

[136] J. Zhang, W. Xia, P. Liu, Q. Cheng, T. Tahirou, W. Gu, B. Li, Chitosan modification 
and pharmaceutical/biomedical applications, Mar. Drugs 8 (7) (2010) 
1962–1987. 

[137] M. Ashrafizadeh, M. Delfi, F. Hashemi, A. Zabolian, H. Saleki, M. Bagherian, 
N. Azami, M.V. Farahani, S.omid Sharifzadeh, S. Hamzehlou, Biomedical 
application of chitosan-based nanoscale delivery systems: potential usefulness in 
siRNA delivery for cancer therapy, Carbohydr. Polym. (2021), 117809, https:// 
doi.org/10.1016/j.carbpol.2021.117809 (in press). 

[138] Z. Khademi, P. Lavaee, M. Ramezani, M. Alibolandi, K. Abnous, S.M. Taghdisi, Co- 
delivery of doxorubicin and aptamer against Forkhead box M1 using chitosan- 
gold nanoparticles coated with nucleolin aptamer for synergistic treatment of 
cancer cells, Carbohydr. Polym. 248 (2020), 116735. 

[139] F. Khatami, M.M. Matin, N.M. Danesh, A.R. Bahrami, K. Abnous, S.M. Taghdisi, 
Targeted delivery system using silica nanoparticles coated with chitosan and 
AS1411 for combination therapy of doxorubicin and antimiR-21, Carbohydr. 
Polym. 118111 (2021). 

[140] H. Wang, X. Yu, C. Su, Y. Shi, L. Zhao, Chitosan nanoparticles triggered the 
induction of ROS-mediated cytoprotective autophagy in cancer cells, Artif. Cells 
Nanomed. Biotechnol. 46 (sup1) (2018) 293–301. 

[141] S. Bastaki, S. Aravindhan, N. Ahmadpour Saheb, M. Afsari Kashani, 
A. Evgenievich Dorofeev, F. Karoon Kiani, H. Jahandideh, F. Beigi Dargani, 
M. Aksoun, A. Nikkhoo, A. Masjedi, A. Mahmoodpoor, M. Ahmadi, S. Dolati, 
S. Namvar Aghdash, F. Jadidi-Niaragh, Codelivery of STAT3 and PD-L1 siRNA by 
hyaluronate-TAT trimethyl/thiolated chitosan nanoparticles suppresses cancer 
progression in tumor-bearing mice, Life Sci. 266 (2021), 118847. 

[142] S. Salimifard, F. Karoon Kiani, F. Sadat Eshaghi, S. Izadi, K. Shahdadnejad, 
A. Masjedi, M. Heydari, A. Ahmadi, M. Hojjat-Farsangi, H. Hassannia, 
H. Mohammadi, S. Boroumand-Noughabi, M.R. Keramati, F. Jadidi-Niaragh, 
Codelivery of BV6 and anti-IL6 siRNA by hyaluronate-conjugated PEG-chitosan- 
lactate nanoparticles inhibits tumor progression, Life Sci. 260 (2020), 118423. 

[143] J.Y. Song, B. Fan, L. Che, Y.R. Pan, S.M. Zhang, Y. Wang, V. Bunik, G.Y. Li, 
Suppressing endoplasmic reticulum stress-related autophagy attenuates retinal 
light injury, Aging (Albany NY) 12 (16) (2020) 16579–16596. 

[144] T. Yan, S. Zhu, W. Hui, J. He, Z. Liu, J. Cheng, Chitosan based pH-responsive 
polymeric prodrug vector for enhanced tumor targeted co-delivery of doxorubicin 
and siRNA, Carbohydr. Polym. 250 (2020), 116781. 

[145] H. Yang, T. Liu, Y. Xu, G. Su, T. Liu, Y. Yu, B. Xu, Protein corona precoating on 
redox-responsive chitosan-based nano-carriers for improving the therapeutic 
effect of nucleic acid drugs, Carbohydr. Polym. 265 (2021), 118071. 

[146] Y. Zheng, C. Su, L. Zhao, Y. Shi, Chitosan nanoparticle-mediated co-delivery of 
shAtg-5 and gefitinib synergistically promoted the efficacy of chemotherapeutics 
through the modulation of autophagy, J. Nanobiotechnol. 15 (1) (2017) 28. 

[147] A. Babu, Q. Wang, R. Muralidharan, M. Shanker, A. Munshi, R. Ramesh, Chitosan 
coated polylactic acid nanoparticle-mediated combinatorial delivery of cisplatin 
and siRNA/Plasmid DNA chemosensitizes cisplatin-resistant human ovarian 
cancer cells, Mol. Pharm. 11 (8) (2014) 2720–2733. 

[148] M. Ashrafizadeh, K. Hushmandi, E. Rahmani Moghadam, V. Zarrin, 
S. Hosseinzadeh Kashani, S. Bokaie, M. Najafi, S. Tavakol, R. Mohammadinejad, 
N. Nabavi, C.L. Hsieh, A. Zarepour, E.N. Zare, A. Zarrabi, P. Makvandi, Progress in 
delivery of siRNA-based therapeutics employing nano-vehicles for treatment of 
prostate cancer, Bioengineering (Basel) 7 (3) (2020) 91. 

[149] S. Mirzaei, M.H. Gholami, A. Zabolian, H. Saleki, M.V. Farahani, S. Hamzehlou, F. 
B. Far, S.O. Sharifzadeh, S. Samarghandian, H. Khan, A.R. Aref, M. Ashrafizadeh, 
A. Zarrabi, G. Sethi, Caffeic acid and its derivatives as potential modulators of 
oncogenic molecular pathways: new hope in the fight against cancer, Pharmacol. 
Res. 171 (2021), 105759. 

[150] S. Mirzaei, M.K. Mahabady, A. Zabolian, A. Abbaspour, P. Fallahzadeh, M. Noori, 
F. Hashemi, K. Hushmandi, S. Daneshi, A.P. Kumar, A.R. Aref, S. Samarghandian, 
P. Makvandi, H. Khan, M.R. Hamblin, M. Ashrafizadeh, A. Zarrabi, Small 
interfering RNA (siRNA) to target genes and molecular pathways in glioblastoma 
therapy: current status with an emphasis on delivery systems, Life Sci. 275 
(2021), 119368. 

[151] A.C. Martinez-Torres, H.Y. Lorenzo-Anota, M.G. Garcia-Juarez, D.G. Zarate- 
Trivino, C. Rodriguez-Padilla, Chitosan gold nanoparticles induce different ROS- 
dependent cell death modalities in leukemic cells, Int. J. Nanomedicine 14 (2019) 
7173–7190. 

[152] J.M. de Lima, L.R.C. Castellano, P.R.F. Bonan, E.S. de Medeiros, M. Hier, K. Bijian, 
M.A. Alaoui-Jamali, D.E. da Cruz Perez, S.D. da Silva, Chitosan/PCL nanoparticles 
can improve anti-neoplastic activity of 5-fluorouracil in head and neck cancer 
through autophagy activation, Int. J. Biochem. Cell Biol. 134 (2021), 105964. 

[153] I.S. Bayer, Hyaluronic acid and controlled release: a review, Molecules 25 (11) 
(2020) 2649. 

[154] E. Balazs, Cosmetic and pharmaceutical applications of polymers, in: Medical 
Applications of Hyaluronan and its Derivatives, Plenum Press, New York, 1991, 
pp. 293–310. 

[155] K.G. Rice, in: T.C. Laurent (Ed.), The Chemistry, Biology, and Medical 
Applications of Hyaluronan and Its Derivatives, Portland Press, London, UK, 
1998. ACS Publications. 

[156] G. Abatangelo, V. Vindigni, G. Avruscio, L. Pandis, P. Brun, Hyaluronic acid: 
redefining its role, Cells 9 (7) (2020) 1743. 

[157] X. Hou, C. Yang, L. Zhang, T. Hu, D. Sun, H. Cao, F. Yang, G. Guo, C. Gong, 
X. Zhang, A. Tong, R. Li, Y. Zheng, Killing colon cancer cells through PCD 
pathways by a novel hyaluronic acid-modified shell-core nanoparticle loaded 
with RIP3 in combination with chloroquine, Biomaterials 124 (2017) 195–210. 

[158] X. Li, J. Feng, R. Zhang, J. Wang, T. Su, Z. Tian, D. Han, C. Zhao, M. Fan, C. Li, 
B. Liu, X. Feng, Y. Nie, K. Wu, Y. Chen, H. Deng, F. Cao, Quaternized chitosan/ 
alginate-Fe3O4 magnetic nanoparticles enhance the chemosensitization of 
multidrug-resistant gastric carcinoma by regulating cell autophagy activity in 
mice, J. Biomed. Nanotechnol. 12 (5) (2016) 948–961. 

[159] R. Sleightholm, B. Yang, F. Yu, Y. Xie, D. Oupicky, Chloroquine-modified 
hydroxyethyl starch as a polymeric drug for cancer therapy, Biomacromolecules 
18 (8) (2017) 2247–2257. 

[160] S. Mojarad-Jabali, M. Farshbaf, P.R. Walker, S. Hemmati, Y. Fatahi, P. Zakeri- 
Milani, M. Sarfraz, H. Valizadeh, An update on actively targeted liposomes in 
advanced drug delivery to glioma, Int. J. Pharm. 602 (2021), 120645. 

[161] M. Alavi, N. Karimi, M. Safaei, Application of various types of liposomes in drug 
delivery systems, Adv.Pharm. Bull. 7 (1) (2017) 3. 

[162] S. Ghanbarzadeh, H. Valizadeh, P. Zakeri-Milani, The effects of lyophilization on 
the physico-chemical stability of sirolimus liposomes, Adv. Pharm. Bull. 3 (1) 
(2013) 25–29. 

[163] H. Valizadeh, S. Ghanbarzadeh, P. Zakeri-Milani, Fusogenic liposomal 
formulation of sirolimus: improvement of drug anti-proliferative effect on human 
T-cells, Drug Dev. Ind. Pharm. 41 (9) (2015) 1558–1565. 

[164] Y.Z. Zhao, B.X. Shen, X.Z. Li, M.Q. Tong, P.P. Xue, R. Chen, Q. Yao, B. Chen, 
J. Xiao, H.L. Xu, Tumor cellular membrane camouflaged liposomes as a non- 
invasive vehicle for genes: specific targeting toward homologous gliomas and 
traversing the blood-brain barrier, Nanoscale 12 (28) (2020) 15473–15494. 

[165] N. Chowdhury, S. Chaudhry, N. Hall, G. Olverson, Q.J. Zhang, T. Mandal, S. Dash, 
A. Kundu, Targeted delivery of doxorubicin liposomes for Her-2+ breast cancer 
treatment, AAPS PharmSciTech 21 (6) (2020) 202. 

[166] Y. Zhang, J. He, L. Shen, T. Wang, J. Yang, Y. Li, Y. Wang, D. Quan, Brain-targeted 
delivery of obidoxime, using aptamer-modified liposomes, for detoxification of 
organophosphorus compounds, J. Control. Release 329 (2021) 1117–1128. 

[167] A.C. Anselmo, S. Mitragotri, Nanoparticles in the clinic: an update, Bioeng. 
Transl. Med. 4 (3) (2019), e10143. 

[168] L.C. Kim, R.S. Cook, J. Chen, mTORC1 and mTORC2 in cancer and the tumor 
microenvironment, Oncogene 36 (16) (2017) 2191–2201. 

[169] K.M. Dodd, A.R. Tee, STAT3 and mTOR: co-operating to drive HIF and 
angiogenesis, Oncoscience 2 (11) (2015) 913–914. 

M.D.A. Paskeh et al.                                                                                                                                                                                                                           

http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127527377
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127527377
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127527377
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123586950
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123586950
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123586950
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123586950
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124171264
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124171264
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124171264
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124171264
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180133345222
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180133345222
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180133345222
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180133345222
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123397239
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123397239
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123397239
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130297668
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130297668
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130297668
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130297668
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128283719
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128283719
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128283719
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128283719
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121121350
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121121350
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121121350
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131038589
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131038589
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131038589
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125286689
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125286689
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125286689
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124427429
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124427429
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124427429
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124427429
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124427429
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128497834
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128497834
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128497834
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128497834
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124411011
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124411011
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124411011
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124411011
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119153898
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119153898
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131191693
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131191693
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116178164
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116178164
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116178164
https://doi.org/10.1016/j.carbpol.2021.117809
https://doi.org/10.1016/j.carbpol.2021.117809
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121085105
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121085105
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121085105
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121085105
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121105916
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121105916
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121105916
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121105916
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123383739
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123383739
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123383739
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125575435
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125575435
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125575435
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125575435
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125575435
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125575435
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130305348
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130305348
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130305348
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130305348
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130305348
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134249383
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134249383
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134249383
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124190054
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124190054
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124190054
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124226511
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124226511
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124226511
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126140491
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126140491
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126140491
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125430089
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125430089
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125430089
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125430089
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125102648
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125102648
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125102648
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125102648
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125102648
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129209073
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129209073
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129209073
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129209073
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129209073
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129245688
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129245688
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129245688
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129245688
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129245688
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129245688
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121136877
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121136877
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121136877
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121136877
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126315476
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126315476
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126315476
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126315476
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126079290
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126079290
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117421978
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117421978
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117421978
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123240857
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123240857
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123240857
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124147290
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124147290
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180133337866
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180133337866
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180133337866
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180133337866
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128110461
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128110461
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128110461
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128110461
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128110461
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134225489
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134225489
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134225489
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129349342
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129349342
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129349342
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180115474280
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180115474280
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127015978
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127015978
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127015978
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131132803
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131132803
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131132803
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126086317
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126086317
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126086317
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126086317
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126221899
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126221899
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126221899
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125453440
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125453440
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125453440
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124390698
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124390698
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127559967
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127559967
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126380615
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126380615


BBA - Molecular Basis of Disease 1868 (2022) 166326

20

[170] J. Zhang, S. Zhu, Q. Tan, D. Cheng, Q. Dai, Z. Yang, L. Zhang, F. Li, Y. Zuo, W. Dai, 
L. Chen, E. Gu, G. Xu, Z. Wei, Y. Cao, X. Liu, Combination therapy with 
ropivacaine-loaded liposomes and nutrient deprivation for simultaneous cancer 
therapy and cancer pain relief, Theranostics 10 (11) (2020) 4885–4899. 

[171] Y.J. Hu, J.Y. Zhang, Q. Luo, J.R. Xu, Y. Yan, L.M. Mu, J. Bai, W.L. Lu, 
Nanostructured dihydroartemisinin plus epirubicin liposomes enhance treatment 
efficacy of breast cancer by inducing autophagy and apoptosis, Nanomaterials 
(Basel) 8 (10) (2018). 

[172] M. Condello, G. Mancini, S. Meschini, The exploitation of liposomes in the 
inhibition of autophagy to defeat drug resistance, Front. Pharmacol. 11 (2020) 
787. 

[173] S. Chen, X. Shen, Long noncoding RNAs: functions and mechanisms in colon 
cancer, Mol. Cancer 19 (1) (2020) 167. 

[174] X.J. Kang, H.Y. Wang, H.G. Peng, B.F. Chen, W.Y. Zhang, A.H. Wu, Q. Xu, Y. 
Z. Huang, Codelivery of dihydroartemisinin and doxorubicin in mannosylated 
liposomes for drug-resistant colon cancer therapy, Acta Pharmacol. Sin. 38 (6) 
(2017) 885–896. 

[175] B. Gupta, C.S. Yong, J.O. Kim, Solid matrix-based lipid nanoplatforms as carriers 
for combinational therapeutics in cancer, J. Pharm. Investig. 47 (6) (2017) 
461–473. 

[176] M.H. Kang, H.J. Yoo, Y.H. Kwon, H.Y. Yoon, S.G. Lee, S.R. Kim, D.W. Yeom, M. 
J. Kang, Y.W. Choi, Design of multifunctional liposomal nanocarriers for folate 
receptor-specific intracellular drug delivery, Mol. Pharm. 12 (12) (2015) 
4200–4213. 

[177] J.M. Saul, A. Annapragada, J.V. Natarajan, R.V. Bellamkonda, Controlled 
targeting of liposomal doxorubicin via the folate receptor in vitro, J. Control. 
Release 92 (1–2) (2003) 49–67. 

[178] H.Y. Yoon, I.H. Chang, Y.T. Goo, C.H. Kim, T.H. Kang, S.Y. Kim, S.J. Lee, S. 
H. Song, Y.M. Whang, Y.W. Choi, Intravesical delivery of rapamycin via folate- 
modified liposomes dispersed in thermo-reversible hydrogel, Int. J. 
Nanomedicine 14 (2019) 6249–6268. 

[179] M. Delfi, R. Sartorius, M. Ashrafizadeh, E. Sharifi, Y. Zhang, P. De Berardinis, 
A. Zarrabi, R.S. Varma, F.R. Tay, B.R. Smith, P. Makvandi, Self-assembled peptide 
and protein nanostructures for anti-cancer therapy: targeted delivery, stimuli- 
responsive devices and immunotherapy, Nano Today 38 (2021), 101119. 

[180] S. Endo, K. Nakata, K. Ohuchida, S. Takesue, H. Nakayama, T. Abe, K. Koikawa, 
T. Okumura, M. Sada, K. Horioka, Autophagy is required for activation of 
pancreatic stellate cells, associated with pancreatic cancer progression and 
promotes growth of pancreatic tumors in mice, J.Gastroenterol. 152 (6) (2017) 
1492–1506.e1424. 

[181] M.E. Feigin, D.A. Tuveson, Challenges and opportunities in modeling pancreatic 
cancer, in: Cold Spring Harbor Symposia on Quantitative Biology, Cold Spring 
Harbor Laboratory Press, 2016. 

[182] C.X. Li, L.H. Cui, Y.Z. Zhuo, J.G. Hu, N.Q. Cui, S.K. Zhang, Inhibiting autophagy 
promotes collagen degradation by regulating matrix metalloproteinases in 
pancreatic stellate cells, Life Sci. 208 (2018) 276–283. 

[183] X. Chen, Q. Yu, Y. Liu, Q. Sheng, K. Shi, Y. Wang, M. Li, Z. Zhang, Q. He, 
Synergistic cytotoxicity and co-autophagy inhibition in pancreatic tumor cells and 
cancer-associated fibroblasts by dual functional peptide-modified liposomes, Acta 
Biomater. 99 (2019) 339–349. 

[184] F. Rehan, N. Ahemad, R.A. Islam, M. Gupta, S.H. Gan, E.H. Chowdhury, 
Optimization and formulation of nanostructured and self-assembled caseinate 
micelles for enhanced cytotoxic effects of paclitaxel on breast cancer cells, 
Pharmaceutics 12 (10) (2020). 

[185] X.Y. Li, J.H. Wang, L.Y. Gu, X.M. Yao, F.Y. Cai, M. Jing, X.T. Li, R.J. Ju, Dual 
variable of drug loaded micelles in both particle and electrical charge on gastric 
cancer treatment, J. Drug Target. 28 (10) (2020) 1071–1084. 

[186] N. Trac, L.Y. Chen, A. Zhang, C.P. Liao, C. Poon, J. Wang, Y. Ando, J. Joo, 
C. Garri, K. Shen, K. Kani, M.E. Gross, E.J. Chung, CCR2-targeted micelles for anti- 
cancer peptide delivery and immune stimulation, J. Control. Release 329 (2021) 
614–623. 

[187] J. Rao, L. Mei, J. Liu, X. Tang, S. Yin, C. Xia, J. Wei, D. Wan, X. Wang, Y. Wang, 
M. Li, Z. Zhang, Q. He, Size-adjustable micelles co-loaded with a 
chemotherapeutic agent and an autophagy inhibitor for enhancing cancer 
treatment via increased tumor retention, Acta Biomater. 89 (2019) 300–312. 

[188] N. Zhang, Y. Huang, F. Wu, Y. Zhao, X. Li, P. Shen, L. Yang, Y. Luo, L. Yang, G. He, 
Codelivery of a miR-124 mimic and obatoclax by cholesterol-penetratin micelles 
simultaneously induces apoptosis and inhibits autophagic flux in breast cancer in 
vitro and in vivo, Mol. Pharm. 13 (7) (2016) 2466–2483. 

[189] Y. Liu, Y. Baba, T. Ishimoto, H. Tsutsuki, T. Zhang, D. Nomoto, K. Okadome, 
K. Yamamura, K. Harada, K. Eto, Y. Hiyoshi, M. Iwatsuki, Y. Nagai, S. Iwagami, 
Y. Miyamoto, N. Yoshida, Y. Komohara, M. Ohmuraya, X. Wang, J.A. Ajani, 
T. Sawa, H. Baba, Fusobacterium nucleatum confers chemoresistance by 
modulating autophagy in oesophageal squamous cell carcinoma, Br. J. Cancer 
124 (5) (2021) 963–974. 

[190] X. Zhang, X. Zeng, X. Liang, Y. Yang, X. Li, H. Chen, L. Huang, L. Mei, S.S. Feng, 
The chemotherapeutic potential of PEG-b-PLGA copolymer micelles that combine 
chloroquine as autophagy inhibitor and docetaxel as an anti-cancer drug, 
Biomaterials 35 (33) (2014) 9144–9154. 

[191] C. Shi, Z. Zhang, J. Shi, F. Wang, Y. Luan, Co-delivery of docetaxel and 
chloroquine via PEO-PPO-PCL/TPGS micelles for overcoming multidrug 
resistance, Int. J. Pharm. 495 (2) (2015) 932–939. 

[192] Y. Takagaki, S.M. Lee, Z. Dongqing, M. Kitada, K. Kanasaki, D. Koya, Endothelial 
autophagy deficiency induces IL6 - dependent endothelial mesenchymal 
transition and organ fibrosis, Autophagy 16 (10) (2020) 1905–1914. 

[193] M. Ashrafizadeh, M. Delfi, F. Hashemi, A. Zabolian, H. Saleki, M. Bagherian, 
N. Azami, M.V. Farahani, S.O. Sharifzadeh, S. Hamzehlou, K. Hushmandi, 
P. Makvandi, A. Zarrabi, M.R. Hamblin, R.S. Varma, Biomedical application of 
chitosan-based nanoscale delivery systems: potential usefulness in siRNA delivery 
for cancer therapy, Carbohydr. Polym. 260 (2021), 117809. 

[194] X. Wang, F. Wu, G. Li, N. Zhang, X. Song, Y. Zheng, C. Gong, B. Han, G. He, Lipid- 
modified cell-penetrating peptide-based self-assembly micelles for co-delivery of 
narciclasine and siULK1 in hepatocellular carcinoma therapy, Acta Biomater. 74 
(2018) 414–429. 

[195] J.A. Jaleel, K. Pramod, Artful and multifaceted applications of carbon dot in 
biomedicine, J. Control. Release 269 (2018) 302–321. 

[196] R. Liu, D. Wu, S. Liu, K. Koynov, W. Knoll, Q. Li, An aqueous route to multicolor 
photoluminescent carbon dots using silica spheres as carriers, Angew. Chem. Int. 
Ed. 48 (25) (2009) 4598–4601. 

[197] M. Ashrafizadeh, R. Mohammadinejad, S.K. Kailasa, Z. Ahmadi, E.G. Afshar, 
A. Pardakhty, Carbon dots as versatile nanoarchitectures for the treatment of 
neurological disorders and their theranostic applications: a review, Adv. Colloid 
Interf. Sci. 278 (2020), 102123. 

[198] B. Geng, W. Shen, P. Li, F. Fang, H. Qin, X.K. Li, D. Pan, L. Shen, Carbon dot- 
passivated black phosphorus nanosheet hybrids for synergistic cancer therapy in 
the NIR-II window, ACS Appl. Mater. Interfaces 11 (48) (2019) 44949–44960. 

[199] N. Gong, X. Ma, X. Ye, Q. Zhou, X. Chen, X. Tan, S. Yao, S. Huo, T. Zhang, S. Chen, 
X. Teng, X. Hu, J. Yu, Y. Gan, H. Jiang, J. Li, X.J. Liang, Carbon-dot-supported 
atomically dispersed gold as a mitochondrial oxidative stress amplifier for cancer 
treatment, Nat. Nanotechnol. 14 (4) (2019) 379–387. 

[200] M. Shahshahanipour, B. Rezaei, A.A. Ensafi, Z. Etemadifar, An ancient plant for 
the synthesis of a novel carbon dot and its applications as an antibacterial agent 
and probe for sensing of an anti-cancer drug, Mater. Sci. Eng. C Mater. Biol. Appl. 
98 (2019) 826–833. 

[201] V.K. Bajpai, I. Khan, S. Shukla, S.M. Kang, F. Aziz, K.M. Tripathi, D. Saini, H. 
J. Cho, N. Su Heo, S.K. Sonkar, L. Chen, Y. Suk Huh, Y.K. Han, Multifunctional N- 
P-doped carbon dots for regulation of apoptosis and autophagy in B16F10 
melanoma cancer cells and in vitro imaging applications, Theranostics 10 (17) 
(2020) 7841–7856. 

[202] Z. Liu, K. Xu, Y. Xu, W. Zhang, N. Jiang, S. Wang, G. Luo, J. Liu, J. Wu, H. Wang, 
Involvement of autophagy in realgar quantum dots (RQDs) inhibition of human 
endometrial cancer JEC cells, PeerJ 8 (2020), e9754. 

[203] C.K. Das, B. Linder, F. Bonn, F. Rothweiler, I. Dikic, M. Michaelis, J. Cinatl, 
M. Mandal, D. Kogel, BAG3 overexpression and cytoprotective autophagy 
mediate apoptosis resistance in chemoresistant breast cancer cells, Neoplasia 20 
(3) (2018) 263–279. 

[204] H. Xiong, Z. Ni, J. He, S. Jiang, X. Li, J. He, W. Gong, L. Zheng, S. Chen, B. Li, 
N. Zhang, X. Lyu, G. Huang, B. Chen, Y. Zhang, F. He, LncRNA HULC triggers 
autophagy via stabilizing Sirt1 and attenuates the chemosensitivity of HCC cells, 
Oncogene 36 (25) (2017) 3528–3540. 

[205] Y. Feng, Y. Gao, D. Wang, Z. Xu, W. Sun, P. Ren, Autophagy inhibitor (LY294002) 
and 5-fluorouracil (5-FU) combination-based nanoliposome for enhanced efficacy 
against esophageal squamous cell carcinoma, Nanoscale Res. Lett. 13 (1) (2018) 
325. 

[206] F.D. Duman, Y. Akkoc, G. Demirci, N. Bavili, A. Kiraz, D. Gozuacik, H.Y. Acar, 
Bypassing pro-survival and resistance mechanisms of autophagy in EGFR-positive 
lung cancer cells by targeted delivery of 5FU using theranostic Ag2S quantum 
dots, J. Mater. Chem. B 7 (46) (2019) 7363–7376. 

[207] K. Peynshaert, S.J. Soenen, B.B. Manshian, S.H. Doak, K. Braeckmans, S.C. De 
Smedt, K. Remaut, Coating of quantum dots strongly defines their effect on 
lysosomal health and autophagy, Acta Biomater. 48 (2017) 195–205. 

[208] Y. Shang, Q. Wang, B. Wu, Q. Zhao, J. Li, X. Huang, W. Chen, R. Gui, Platelet- 
membrane-camouflaged black phosphorus quantum dots enhance anticancer 
effect mediated by apoptosis and autophagy, ACS Appl. Mater. Interfaces 11 (31) 
(2019) 28254–28266. 

[209] M. Dolatkhah, N. Hashemzadeh, J. Barar, K. Adibkia, A. Aghanejad, M. Barzegar- 
Jalali, Y. Omidi, Graphene-based multifunctional nanosystems for simultaneous 
detection and treatment of breast cancer, Colloids Surf. B: Biointerfaces 193 
(2020), 111104. 

[210] W.S. Hummers Jr., R.E. Offeman Jr., Preparation of graphitic oxide, J. Am. Chem. 
Soc. 80 (6) (1958) 1339. 

[211] J. Liu, L. Cui, D. Losic, Graphene and graphene oxide as new nanocarriers for drug 
delivery applications, Acta Biomater. 9 (12) (2013) 9243–9257. 

[212] Z. Liu, J.T. Robinson, X. Sun, H. Dai, PEGylated nanographene oxide for delivery 
of water-insoluble cancer drugs, J. Am. Chem. Soc. 130 (33) (2008) 
10876–10877. 

[213] Y. Yang, Y.M. Zhang, Y. Chen, D. Zhao, J.T. Chen, Y. Liu, Construction of a 
graphene oxide based noncovalent multiple nanosupramolecular assembly as a 
scaffold for drug delivery, Chem.Eur. J. 18 (14) (2012) 4208–4215. 

[214] H. Sharma, S. Mondal, Functionalized graphene oxide for chemotherapeutic drug 
delivery and cancer treatment: a promising material in nanomedicine, Int. J. Mol. 
Sci. 21 (17) (2020) 6280. 

[215] X. Jia, W. Xu, Z. Ye, Y. Wang, Q. Dong, E. Wang, D. Li, J. Wang, Functionalized 
graphene@gold nanostar/lipid for pancreatic cancer gene and photothermal 
synergistic therapy under photoacoustic/photothermal imaging dual-modal 
guidance, Small 16 (39) (2020), e2003707. 

[216] A. Khoshoei, E. Ghasemy, F. Poustchi, M.A. Shahbazi, R. Maleki, Engineering the 
pH-sensitivity of the graphene and carbon nanotube based nanomedicines in 
smart cancer therapy by grafting trimetyl chitosan, Pharm. Res. 37 (8) (2020) 
160. 

M.D.A. Paskeh et al.                                                                                                                                                                                                                           

http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125269654
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125269654
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125269654
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125269654
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127092544
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127092544
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127092544
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127092544
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118437116
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118437116
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118437116
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126211547
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126211547
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132399544
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132399544
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132399544
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132399544
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127035532
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127035532
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127035532
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127309145
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127309145
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127309145
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127309145
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130322230
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130322230
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130322230
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116065452
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116065452
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116065452
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116065452
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126319176
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126319176
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126319176
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126319176
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118490504
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118490504
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118490504
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118490504
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118490504
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118570791
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118570791
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118570791
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128038994
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128038994
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128038994
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126219424
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126219424
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126219424
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126219424
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135295365
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135295365
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135295365
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135295365
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128168805
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128168805
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128168805
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132000230
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132000230
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132000230
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132000230
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130180334
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130180334
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130180334
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130180334
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125278112
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125278112
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125278112
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125278112
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180136065094
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180136065094
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180136065094
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180136065094
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180136065094
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180136065094
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125415713
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125415713
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125415713
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125415713
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130399144
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130399144
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130399144
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130589611
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130589611
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130589611
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125005909
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125005909
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125005909
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125005909
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125005909
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131388594
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131388594
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131388594
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131388594
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127308676
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127308676
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128307001
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128307001
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128307001
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125162078
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125162078
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125162078
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125162078
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127019103
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127019103
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127019103
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127030186
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127030186
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127030186
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127030186
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134593960
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134593960
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134593960
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134593960
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125454592
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125454592
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125454592
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125454592
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125454592
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128337368
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128337368
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128337368
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126297539
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126297539
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126297539
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126297539
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124126338
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124126338
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124126338
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124126338
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127007091
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127007091
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127007091
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127007091
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126498971
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126498971
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126498971
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126498971
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130057529
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130057529
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130057529
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135003270
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135003270
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135003270
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135003270
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180137083840
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180137083840
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180137083840
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180137083840
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180137273770
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180137273770
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135379755
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135379755
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128332945
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128332945
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128332945
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180115597065
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180115597065
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180115597065
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130368882
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130368882
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130368882
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127312992
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127312992
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127312992
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127312992
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127546092
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127546092
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127546092
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127546092


BBA - Molecular Basis of Disease 1868 (2022) 166326

21

[217] M. Ashrafizadeh, M.H. Gholami, S. Mirzaei, A. Zabolian, A. Haddadi, M. 
V. Farahani, S.H. Kashani, K. Hushmandi, M. Najafi, A. Zarrabi, K.S. Ahn, 
H. Khan, Dual relationship between long non-coding RNAs and STAT3 signaling 
in different cancers: new insight to proliferation and metastasis, Life Sci. 270 
(2021), 119006. 

[218] M. Ashrafizadeh, S. Mirzaei, K. Hushmandi, V. Rahmanian, A. Zabolian, M. Raei, 
M.V. Farahani, M. Goharrizi, H. Khan, A. Zarrabi, S. Samarghandian, Therapeutic 
potential of AMPK signaling targeting in lung cancer: advances, challenges and 
future prospects, Life Sci. 278 (2021), 119649. 

[219] S. Ashrafizaveh, M. Ashrafizadeh, A. Zarrabi, K. Husmandi, A. Zabolian, 
M. Shahinozzaman, A.R. Aref, M.R. Hamblin, N. Nabavi, F. Crea, Y. Wang, K. 
S. Ahn, Long non-coding RNAs in the doxorubicin resistance of cancer cells, 
Cancer Lett. 508 (2021) 104–114. 

[220] S. Mirzaei, K. Hushmandi, A. Zabolian, H. Saleki, S.M.R. Torabi, A. Ranjbar, 
S. SeyedSaleh, S.O. Sharifzadeh, H. Khan, M. Ashrafizadeh, A. Zarrabi, K.S. Ahn, 
Elucidating role of reactive oxygen species (ROS) in cisplatin chemotherapy: a 
focus on molecular pathways and possible therapeutic strategies, Molecules 26 
(8) (2021) 2382. 

[221] S. Mirzaei, A.T. Mohammadi, M.H. Gholami, F. Hashemi, A. Zarrabi, A. Zabolian, 
K. Hushmandi, P. Makvandi, M. Samec, A. Liskova, P. Kubatka, N. Nabavi, A. 
R. Aref, M. Ashrafizadeh, H. Khan, M. Najafi, Nrf2 signaling pathway in cisplatin 
chemotherapy: potential involvement in organ protection and chemoresistance, 
Pharmacol. Res. 167 (2021), 105575. 

[222] S. Mirzaei, A. Zarrabi, S.E. Asnaf, F. Hashemi, A. Zabolian, K. Hushmandi, 
M. Raei, M. Goharrizi, P. Makvandi, S. Samarghandian, M. Najafi, 
M. Ashrafizadeh, A.R. Aref, M.R. Hamblin, The role of microRNA-338-3p in 
cancer: growth, invasion, chemoresistance, and mediators, Life Sci. 268 (2021), 
119005. 

[223] S. Mirzaei, A. Zarrabi, F. Hashemi, A. Zabolian, H. Saleki, A. Ranjbar, S.H. Seyed 
Saleh, M. Bagherian, S.O. Sharifzadeh, K. Hushmandi, A. Liskova, P. Kubatka, 
P. Makvandi, V. Tergaonkar, A.P. Kumar, M. Ashrafizadeh, G. Sethi, Regulation of 
nuclear factor-KappaB (NF-kappaB) signaling pathway by non-coding RNAs in 
cancer: inhibiting or promoting carcinogenesis? Cancer Lett. 509 (2021) 63–80. 

[224] M.D.A. Paskeh, S. Mirzaei, S. Orouei, A. Zabolian, H. Saleki, N. Azami, 
K. Hushmandi, B. Baradaran, M. Hashmi, A.R. Aref, Y.N. Ertas, A. Zarrabi, 
M. Ashrafizadeh, S. Samarghandian, Revealing the role of miRNA-489 as a new 
onco-suppressor factor in different cancers based on pre-clinical and clinical 
evidence, Int. J. Biol. Macromol. 191 (2021) 727–737. 

[225] M. Ashrafizadeh, A. Zarrabi, K. Hushmandi, F. Hashemi, E.R. Moghadam, 
M. Owrang, F. Hashemi, P. Makvandi, M.A.S.B. Goharrizi, M. Najafi, Lung cancer 
cells and their sensitivity/resistance to cisplatin chemotherapy: role of 
microRNAs and upstream mediators, Cell.Signal. 109871 (2020). 

[226] Y. Cui, F. Li, Q. Xie, S. Zhao, T. Guo, P. Guo, S. Hu, J. Hao, C. Tian, W. Yu, Z. Li, 
L. Fang, L. Zhao, M. Chen, T. Wu, C. Gu, YBX1 mediates autophagy by targeting 
p110beta and decreasing the sensitivity to cisplatin in NSCLC, Cell Death Dis. 11 
(6) (2020) 476. 

[227] K. Wang, X. Liu, Q. Liu, I.H. Ho, X. Wei, T. Yin, Y. Zhan, W. Zhang, W. Zhang, 
B. Chen, J. Gu, Y. Tan, L. Zhang, M.T. Chan, W.K. Wu, B. Du, J. Xiao, Hederagenin 
potentiated cisplatin- and paclitaxel-mediated cytotoxicity by impairing 
autophagy in lung cancer cells, Cell Death Dis. 11 (8) (2020) 611. 

[228] K.C. Lin, M.W. Lin, M.N. Hsu, G. Yu-Chen, Y.C. Chao, H.Y. Tuan, C.S. Chiang, Y. 
C. Hu, Graphene oxide sensitizes cancer cells to chemotherapeutics by inducing 
early autophagy events, promoting nuclear trafficking and necrosis, Theranostics 
8 (9) (2018) 2477–2487. 

[229] Y.G. Yuan, S. Gurunathan, Combination of graphene oxide-silver nanoparticle 
nanocomposites and cisplatin enhances apoptosis and autophagy in human 
cervical cancer cells, Int. J. Nanomedicine 12 (2017) 6537–6558. 

[230] Z. Tang, L. Zhao, Z. Yang, Z. Liu, J. Gu, B. Bai, J. Liu, J. Xu, H. Yang, Mechanisms 
of oxidative stress, apoptosis, and autophagy involved in graphene oxide 
nanomaterial anti-osteosarcoma effect, Int. J. Nanomedicine 13 (2018) 
2907–2919. 

[231] A. Assali, O. Akhavan, F. Mottaghitalab, M. Adeli, R. Dinarvand, S. Razzazan, 
E. Arefian, M. Soleimani, F. Atyabi, Cationic graphene oxide nanoplatform 
mediates miR-101 delivery to promote apoptosis by regulating autophagy and 
stress, Int. J. Nanomedicine 13 (2018) 5865–5886. 

[232] B.D. Arya, S. Mittal, P. Joshi, A.K. Pandey, J.E. Ramirez-Vick, S.P. Singh, 
Graphene oxide-chloroquine nanoconjugate induce necroptotic death in A549 
cancer cells through autophagy modulation, Nanomedicine (Lond.) 13 (18) 
(2018) 2261–2282. 

[233] G.Y. Chen, C.L. Chen, H.Y. Tuan, P.X. Yuan, K.C. Li, H.J. Yang, Y.C. Hu, Graphene 
oxide triggers toll-like receptors/autophagy responses in vitro and inhibits tumor 
growth in vivo, Adv. Healthc. Mater. 3 (9) (2014) 1486–1495. 

[234] X. Feng, L. Chen, W. Guo, Y. Zhang, X. Lai, L. Shao, Y. Li, Graphene oxide induces 
p62/SQSTM-dependent apoptosis through the impairment of autophagic flux and 
lysosomal dysfunction in PC12 cells, Acta Biomater. 81 (2018) 278–292. 

[235] Z.R. Goddard, M.J. Marín, D.A. Russell, M. Searcey, Active targeting of gold 
nanoparticles as cancer therapeutics, Chem.Soc. Rev. 49 (2020) 8774–8789. 

[236] E.C. Dreaden, A.M. Alkilany, X. Huang, C.J. Murphy, M.A. El-Sayed, The golden 
age: gold nanoparticles for biomedicine, Chem. Soc. Rev. 41 (7) (2012) 
2740–2779. 

[237] M.S. Kang, S.Y. Lee, K.S. Kim, D.W. Han, State of the art biocompatible gold 
nanoparticles for cancer theragnosis, Pharmaceutics 12 (8) (2020) 701. 

[238] R. Wang, H. Yang, R. Fu, Y. Su, X. Lin, X. Jin, W. Du, X. Shan, G. Huang, 
Biomimetic upconversion nanoparticles and gold nanoparticles for novel 
simultaneous dual-modal imaging-guided photothermal therapy of cancer, 
Cancers (Basel) 12 (11) (2020). 

[239] A. Pandey, V. Vighetto, N. Di Marzio, F. Ferraro, M. Hirsch, N. Ferrante, S. Mitra, 
A. Grattoni, C.S. Filgueira, Gold nanoparticles radio-sensitize and reduce cell 
survival in Lewis lung carcinoma, Nanomaterials (Basel) 10 (9) (2020). 

[240] B. Shrestha, L. Wang, H. Zhang, C.Y. Hung, L. Tang, Gold nanoparticles mediated 
drug-gene combinational therapy for breast cancer treatment, Int. J. 
Nanomedicine 15 (2020) 8109–8119. 

[241] B. Tian, J. Li, R. Pang, S. Dai, T. Li, Y. Weng, Y. Jin, Y. Hua, Gold nanoparticles 
biosynthesized and functionalized using a hydroxylated tetraterpenoid trigger 
gene expression changes and apoptosis in cancer cells, ACS Appl. Mater. 
Interfaces 10 (43) (2018) 37353–37363. 

[242] M. Ashrafizadeh, S. Tavakol, Z. Ahmadi, S. Roomiani, R. Mohammadinejad, 
S. Samarghandian, Therapeutic effects of kaempferol affecting autophagy and 
endoplasmic reticulum stress, Phytother. Res. 34 (5) (2020) 911–923. 

[243] S.W. Xia, Z.M. Wang, S.M. Sun, Y. Su, Z.H. Li, J.J. Shao, S.Z. Tan, A.P. Chen, S. 
J. Wang, Z.L. Zhang, F. Zhang, S.Z. Zheng, Endoplasmic reticulum stress and 
protein degradation in chronic liver disease, Pharmacol. Res. 161 (2020), 105218. 

[244] K.B. Huang, F.Y. Wang, X.M. Tang, H.W. Feng, Z.F. Chen, Y.C. Liu, Y.N. Liu, 
H. Liang, Organometallic gold(III) complexes similar to tetrahydroisoquinoline 
induce ER-stress-mediated apoptosis and pro-death autophagy in A549 cancer 
cells, J. Med. Chem. 61 (8) (2018) 3478–3490. 

[245] H.Y. Wan, J.L. Chen, X. Zhu, L. Liu, J. Wang, X.M. Zhu, Titania-coated gold Nano- 
bipyramids for blocking autophagy flux and sensitizing cancer cells to proteasome 
inhibitor-induced death, Adv. Sci. (Weinh.) 5 (3) (2018) 1700585. 

[246] Y. Chen, J. Yang, S. Fu, J. Wu, Gold nanoparticles as radiosensitizers in cancer 
radiotherapy, Int. J. Nanomedicine 15 (2020) 9407–9430. 

[247] N. Ma, P. Liu, N. He, N. Gu, F.G. Wu, Z. Chen, Action of gold nanospikes-based 
nanoradiosensitizers: cellular internalization, radiotherapy, and autophagy, ACS 
Appl. Mater. Interfaces 9 (37) (2017) 31526–31542. 

[248] G. Wang, K. Qian, X. Mei, A theranostic nanoplatform: magneto-gold@ 
fluorescence polymer nanoparticles for tumor targeting T1&T2-MRI/CT/NIR 
fluorescence imaging and induction of genuine autophagy mediated 
chemotherapy, Nanoscale 10 (22) (2018) 10467–10478. 

[249] O. Gherasim, R.A. Puiu, A.C. Birca, A.C. Burdusel, A.M. Grumezescu, An updated 
review on silver nanoparticles in biomedicine, Nanomaterials (Basel) 10 (11) 
(2020) 2318. 

[250] M. Morais, A.L. Teixeira, F. Dias, V. Machado, R. Medeiros, J.A.V. Prior, Cytotoxic 
effect of silver nanoparticles synthesized by green methods in cancer, J. Med. 
Chem. 63 (23) (2020) 14308–14335. 

[251] M. Wypij, T. Jedrzejewski, M. Ostrowski, J. Trzcinska, M. Rai, P. Golinska, 
Biogenic silver nanoparticles: assessment of their cytotoxicity, genotoxicity and 
study of capping proteins, Molecules 25 (13) (2020). 

[252] L.A.B. Ferreira, F. Garcia-Fossa, A. Radaic, N. Duran, W.J. Favaro, M.B. de Jesus, 
Biogenic silver nanoparticles: in vitro and in vivo antitumor activity in bladder 
cancer, Eur. J. Pharm. Biopharm. 151 (2020) 162–170. 

[253] T. Park, S. Lee, R. Amatya, H. Cheong, C. Moon, H.D. Kwak, K.A. Min, M.C. Shin, 
ICG-loaded PEGylated BSA-silver nanoparticles for effective photothermal cancer 
therapy, Int. J. Nanomedicine 15 (2020) 5459–5471. 

[254] M. Akter, A.K.M. Atique Ullah, S. Banik, M.T. Sikder, T. Hosokawa, T. Saito, 
M. Kurasaki, Green synthesized silver nanoparticles-mediated cytotoxic effect in 
colorectal cancer cells: NF-kappaB signal induced apoptosis through autophagy, 
Biol. Trace Elem. Res. 199 (9) (2021) 3272–3286. 

[255] M.A. Farah, M.A. Ali, S.M. Chen, Y. Li, F.M. Al-Hemaid, F.M. Abou-Tarboush, K. 
M. Al-Anazi, J. Lee, Silver nanoparticles synthesized from Adenium obesum leaf 
extract induced DNA damage, apoptosis and autophagy via generation of reactive 
oxygen species, Colloids Surf. B: Biointerfaces 141 (2016) 158–169. 

[256] L. Fageria, V. Pareek, R.V. Dilip, A. Bhargava, S.S. Pasha, I.R. Laskar, H. Saini, 
S. Dash, R. Chowdhury, J. Panwar, Biosynthesized protein-capped silver 
nanoparticles induce ROS-dependent proapoptotic signals and prosurvival 
autophagy in cancer cells, ACS Omega 2 (4) (2017) 1489–1504. 

[257] Y.G. Yuan, Y.H. Wang, H.H. Xing, S. Gurunathan, Quercetin-mediated synthesis of 
graphene oxide-silver nanoparticle nanocomposites: a suitable alternative 
nanotherapy for neuroblastoma, Int. J. Nanomedicine 12 (2017) 5819–5839. 

[258] X.F. Zhang, S. Gurunathan, Combination of salinomycin and silver nanoparticles 
enhances apoptosis and autophagy in human ovarian cancer cells: an effective 
anticancer therapy, Int. J. Nanomedicine 11 (2016) 3655–3675. 

[259] J. Lin, Y. Liu, H. Wu, Z. Huang, J. Ma, C. Guo, F. Gao, P. Jin, P. Wei, Y. Zhang, 
L. Liu, R. Zhang, L. Qiu, N. Gu, L. Wen, Key role of TFEB nucleus translocation for 
silver nanoparticle-induced cytoprotective autophagy, Small 14 (13) (2018), 
e1703711. 

[260] J.K. Jeong, S. Gurunathan, M.H. Kang, J.W. Han, J. Das, Y.J. Choi, D.N. Kwon, S. 
G. Cho, C. Park, H.G. Seo, H. Song, J.H. Kim, Hypoxia-mediated autophagic flux 
inhibits silver nanoparticle-triggered apoptosis in human lung cancer cells, Sci. 
Rep. 6 (2016) 21688. 

[261] T.D.S. Correa, A.L. Bocca, F. Figueiredo, E.C.O. Lima, M.F.M. Almeida Santos, Z. 
G.M. Lacava, M. Campos-da-Paz, Anti-CEA tagged iron nanoparticles for targeting 
triple-negative breast cancer, Biomed. Mater. 16 (3) (2021), https://doi.org/ 
10.1088/1748-605X/abe359. 

[262] K.P. Shejawal, D.S. Randive, S.D. Bhinge, M.A. Bhutkar, G.H. Wadkar, N. 
R. Jadhav, Green synthesis of silver and iron nanoparticles of isolated 
proanthocyanidin: its characterization, antioxidant, antimicrobial, and cytotoxic 
activities against COLO320DM and HT29, J. Genet. Eng. Biotechnol. 18 (1) 
(2020) 43. 

[263] L. Rivas-Garcia, J.L. Quiles, A. Varela-Lopez, F. Giampieri, M. Battino, J. Bettmer, 
M. Montes-Bayon, J. Llopis, C. Sanchez-Gonzalez, Ultra-small iron nanoparticles 
target mitochondria inducing autophagy, acting on mitochondrial DNA and 
reducing respiration, Pharmaceutics 13 (1) (2021). 

M.D.A. Paskeh et al.                                                                                                                                                                                                                           

http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125085379
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125085379
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125085379
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125085379
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125085379
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116155665
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116155665
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116155665
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116155665
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125239302
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125239302
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125239302
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125239302
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129224156
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129224156
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129224156
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129224156
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129224156
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129272736
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129272736
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129272736
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129272736
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129272736
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121195766
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121195766
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121195766
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121195766
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180121195766
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129289503
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129289503
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129289503
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129289503
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129289503
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129579453
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129579453
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129579453
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129579453
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129579453
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116166204
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116166204
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116166204
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116166204
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126268054
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126268054
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126268054
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126268054
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131375581
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131375581
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131375581
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131375581
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128242061
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128242061
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128242061
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128242061
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116118144
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116118144
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116118144
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123344597
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123344597
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123344597
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123344597
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116558803
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116558803
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116558803
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116558803
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124399878
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124399878
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124399878
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124399878
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126204161
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126204161
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126204161
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127008481
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127008481
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127008481
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119116611
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180119116611
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126404456
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126404456
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126404456
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132378189
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132378189
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131363548
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131363548
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131363548
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131363548
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129484468
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129484468
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129484468
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123301147
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123301147
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123301147
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131030808
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131030808
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131030808
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131030808
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125180032
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125180032
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125180032
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124088195
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124088195
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124088195
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127205986
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127205986
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127205986
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127205986
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132327143
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132327143
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180132327143
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118408818
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118408818
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134183867
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134183867
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134183867
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131295955
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131295955
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131295955
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131295955
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127018947
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127018947
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127018947
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129418280
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129418280
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129418280
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124076327
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124076327
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124076327
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf0005
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf0005
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf0005
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180122225911
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180122225911
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180122225911
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124201518
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124201518
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124201518
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124201518
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126533745
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126533745
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126533745
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126533745
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126511221
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126511221
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126511221
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126511221
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116140980
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116140980
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180116140980
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125436876
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125436876
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125436876
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128225043
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128225043
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128225043
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128225043
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127308520
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127308520
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127308520
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127308520
https://doi.org/10.1088/1748-605X/abe359
https://doi.org/10.1088/1748-605X/abe359
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130398667
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130398667
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130398667
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130398667
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130398667
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130202356
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130202356
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130202356
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130202356


BBA - Molecular Basis of Disease 1868 (2022) 166326

22

[264] Y. Zhang, Y. Hai, Y. Miao, X. Qi, W. Xue, Y. Luo, H. Fan, T. Yue, The toxicity 
mechanism of different sized iron nanoparticles on human breast cancer (MCF7) 
cells, Food Chem. 341 (Pt 2) (2021), 128263. 

[265] L.X. Yang, Y.N. Wu, P.W. Wang, K.J. Huang, W.C. Su, D.B. Shieh, Silver-coated 
zero-valent iron nanoparticles enhance cancer therapy in mice through lysosome- 
dependent dual programed cell death pathways: triggering simultaneous 
apoptosis and autophagy only in cancerous cells, J. Mater. Chem. B 8 (18) (2020) 
4122–4131. 

[266] A. Banstola, R. Duwa, F. Emami, J.H. Jeong, S. Yook, Enhanced caspase-mediated 
abrogation of autophagy by temozolomide-loaded and panitumumab-conjugated 
Poly(lactic-co-glycolic acid) nanoparticles in epidermal growth factor receptor 
overexpressing glioblastoma cells, Mol. Pharm. 17 (11) (2020) 4386–4400. 

[267] Y.W. Jiang, G. Gao, H.R. Jia, X. Zhang, J. Zhao, N. Ma, J.B. Liu, P. Liu, F.G. Wu, 
Copper oxide nanoparticles induce enhanced radiosensitizing effect via 
destructive autophagy, ACS Biomater. Sci. Eng. 5 (3) (2019) 1569–1579. 

[268] Y.R. Lin, C.H. Chan, H.T. Lee, S.J. Cheng, J.W. Yang, S.J. Chang, S.F. Lin, G. 
Y. Chen, Remote magnetic control of autophagy in mouse B-lymphoma cells with 
iron oxide nanoparticles, Nanomaterials (Basel) 9 (4) (2019). 

[269] E. Piktel, I. Oscilowska, L. Suprewicz, J. Depciuch, N. Marcinczyk, E. Chabielska, 
P. Wolak, T. Wollny, M. Janion, M. Parlinska-Wojtan, R. Bucki, ROS-mediated 
apoptosis and autophagy in ovarian cancer cells treated with peanut-shaped gold 
nanoparticles, Int. J. Nanomedicine 16 (2021) 1993–2011. 

[270] S. Song, L. Gui, Q. Feng, A. Taledaohan, Y. Li, W. Wang, Y. Wang, Y. Wang, TAT- 
modified gold nanoparticles enhance the antitumor activity of PAD4 inhibitors, 
Int. J. Nanomedicine 15 (2020) 6659–6671. 

[271] C. Wan, J. Tai, J. Zhang, Y. Guo, Q. Zhu, D. Ling, F. Gu, J. Gan, C. Zhu, Y. Wang, 
S. Liu, F. Wei, Q. Cai, Silver nanoparticles selectively induce human oncogenic 
gamma-herpesvirus-related cancer cell death through reactivating viral lytic 
replication, Cell Death Dis. 10 (6) (2019) 392. 

[272] W. Wang, J. Liu, W. Feng, S. Du, R. Ge, J. Li, Y. Liu, H. Sun, D. Zhang, H. Zhang, 
B. Yang, Targeting mitochondria with Au-Ag@Polydopamine nanoparticles for 
papillary thyroid cancer therapy, Biomater. Sci. 7 (3) (2019) 1052–1063. 

[273] Y. Wu, Y. Tang, S. Xie, X. Zheng, S. Zhang, J. Mao, B. Wang, Y. Hou, L. Hu, 
K. Chai, W. Chen, Chimeric peptide supramolecular nanoparticles for plectin-1 
targeted miRNA-9 delivery in pancreatic cancer, Theranostics 10 (3) (2020) 
1151–1165. 

[274] Y. Xie, J. Jiang, Q. Tang, H. Zou, X. Zhao, H. Liu, D. Ma, C. Cai, Y. Zhou, X. Chen, 
J. Pu, P. Liu, Iron oxide nanoparticles as autophagy intervention agents suppress 
hepatoma growth by enhancing tumoricidal autophagy, Adv. Sci. (Weinh.) 7 (16) 
(2020) 1903323. 

[275] Z. Zhou, Y. Yan, L. Wang, Q. Zhang, Y. Cheng, Melanin-like nanoparticles 
decorated with an autophagy-inducing peptide for efficient targeted 
photothermal therapy, Biomaterials 203 (2019) 63–72. 

[276] X. Li, Y. Wang, Y. Chen, P. Zhou, K. Wei, H. Wang, J. Wang, H. Fang, S. Zhang, 
Hierarchically constructed selenium-doped bone-mimetic nanoparticles promote 
ROS-mediated autophagy and apoptosis for bone tumor inhibition, Biomaterials 
257 (2020), 120253. 

[277] D. Cui, J. Ma, T. Liang, L. Sun, L. Meng, T. Liang, Q. Li, Selenium nanoparticles 
fabricated in laminarin polysaccharides solutions exert their cytotoxicities in 
HepG2 cells by inhibiting autophagy and promoting apoptosis, Int. J. Biol. 
Macromol. 137 (2019) 829–835. 

[278] G. Huang, Z. Liu, L. He, K.H. Luk, S.T. Cheung, K.H. Wong, T. Chen, Autophagy is 
an important action mode for functionalized selenium nanoparticles to exhibit 
anti-colorectal cancer activity, Biomater. Sci. 6 (9) (2018) 2508–2517. 

[279] J.H. Sun, C. Ye, E.H. Bai, L.L. Zhang, S.J. Huo, H.H. Yu, S.Y. Xiang, S.Q. Yu, Co- 
delivery nanoparticles of doxorubicin and chloroquine for improving the anti- 
cancer effect in vitro, Nanotechnology 30 (8) (2019), 085101. 

[280] C. Seca, A. Ferraresi, S. Phadngam, C. Vidoni, C. Isidoro, Autophagy-dependent 
toxicity of amino-functionalized nanoparticles in ovarian cancer cells, J. Mater. 
Chem. B 7 (35) (2019) 5376–5391. 

[281] X. Wang, L. Yang, H. Zhang, B. Tian, R. Li, X. Hou, F. Wei, Fluorescent magnetic 
PEI-PLGA nanoparticles loaded with paclitaxel for concurrent cell imaging, 

enhanced apoptosis and autophagy in human brain cancer, Colloids Surf. B 
Biointerfaces 172 (2018) 708–717. 

[282] X. Gao, P. Jiang, Q. Zhang, Q. Liu, S. Jiang, L. Liu, M. Guo, Q. Cheng, J. Zheng, 
H. Yao, Peglated-H1/pHGFK1 nanoparticles enhance anti-tumor effects of 
sorafenib by inhibition of drug-induced autophagy and stemness in renal cell 
carcinoma, J. Exp. Clin. Cancer Res. 38 (1) (2019) 362. 

[283] A. Borah, S.C. Pillai, A.K. Rochani, V. Palaninathan, Y. Nakajima, T. Maekawa, D. 
S. Kumar, GANT61 and curcumin-loaded PLGA nanoparticles for GLI1 and PI3K/ 
Akt-mediated inhibition in breast adenocarcinoma, Nanotechnology 31 (18) 
(2020), 185102. 

[284] F. Chen, X.H. Zhang, X.D. Hu, P.D. Liu, H.Q. Zhang, The effects of combined 
selenium nanoparticles and radiation therapy on breast cancer cells in vitro, Artif. 
Cells Nanomed. Biotechnol. 46 (5) (2018) 937–948. 

[285] S. Pandey, S. Patil, N. Ballav, S. Basu, Spatial targeting of Bcl-2 on endoplasmic 
reticulum and mitochondria in cancer cells by lipid nanoparticles, J. Mater. 
Chem. B 8 (19) (2020) 4259–4266. 

[286] X. Zhao, T. Qi, C. Kong, M. Hao, Y. Wang, J. Li, B. Liu, Y. Gao, J. Jiang, 
Photothermal exposure of polydopamine-coated branched au-ag nanoparticles 
induces cell cycle arrest, apoptosis, and autophagy in human bladder cancer cells, 
Int. J. Nanomedicine 13 (2018) 6413–6428. 

[287] L. Yuan, F. Zhang, X. Qi, Y. Yang, C. Yan, J. Jiang, J. Deng, Chiral polymer 
modified nanoparticles selectively induce autophagy of cancer cells for tumor 
ablation, J. Nanobiotechnol. 16 (1) (2018) 55. 

[288] M. Lou, L.N. Zhang, P.G. Ji, F.Q. Feng, J.H. Liu, C. Yang, B.F. Li, L. Wang, 
Quercetin nanoparticles induced autophagy and apoptosis through AKT/ERK/ 
Caspase-3 signaling pathway in human neuroglioma cells: in vitro and in vivo, 
Biomed. Pharmacother. 84 (2016) 1–9. 

[289] O. Unal, Y. Akkoc, M. Kocak, E. Nalbat, A.I. Dogan-Ekici, H. Yagci Acar, 
D. Gozuacik, Treatment of breast cancer with autophagy inhibitory microRNAs 
carried by AGO2-conjugated nanoparticles, J. Nanobiotechnol. 18 (1) (2020) 65. 

[290] D.P. Bai, X.F. Zhang, G.L. Zhang, Y.F. Huang, S. Gurunathan, Zinc oxide 
nanoparticles induce apoptosis and autophagy in human ovarian cancer cells, Int. 
J. Nanomedicine 12 (2017) 6521–6535. 

[291] Y. Hu, H.R. Zhang, L. Dong, M.R. Xu, L. Zhang, W.P. Ding, J.Q. Zhang, J. Lin, Y. 
J. Zhang, B.S. Qiu, P.F. Wei, L.P. Wen, Enhancing tumor chemotherapy and 
overcoming drug resistance through autophagy-mediated intracellular dissolution 
of zinc oxide nanoparticles, Nanoscale 11 (24) (2019) 11789–11807. 

[292] F. Wei, Y. Wang, Z. Luo, Y. Li, Y. Duan, New findings of silica nanoparticles 
induced ER autophagy in human colon cancer cell, Sci. Rep. 7 (2017) 42591. 

[293] L. Shao, Y. Li, F. Huang, X. Wang, J. Lu, F. Jia, Z. Pan, X. Cui, G. Ge, X. Deng, 
Y. Wu, Complementary autophagy inhibition and glucose metabolism with rattle- 
structured polydopamine@mesoporous silica nanoparticles for augmented low- 
temperature photothermal therapy and in vivo photoacoustic imaging, 
Theranostics 10 (16) (2020) 7273–7286. 

[294] Q. Xiong, A. Liu, Q. Ren, Y. Xue, X. Yu, Y. Ying, H. Gao, H. Tan, Z. Zhang, W. Li, 
S. Zeng, C. Xu, Cuprous oxide nanoparticles trigger reactive oxygen species- 
induced apoptosis through activation of erk-dependent autophagy in bladder 
cancer, Cell Death Dis. 11 (5) (2020) 366. 

[295] S. Azimee, M. Rahmati, H. Fahimi, M.A. Moosavi, TiO2 nanoparticles enhance the 
chemotherapeutic effects of 5-fluorouracil in human AGS gastric cancer cells via 
autophagy blockade, Life Sci. 248 (2020), 117466. 

[296] S. Man, M. Li, J. Zhou, H. Wang, J. Zhang, L. Ma, Polyethyleneimine coated 
Fe3O4 magnetic nanoparticles induce autophagy, NF-kappaB and TGF-beta 
signaling pathway activation in HeLa cervical carcinoma cells via reactive oxygen 
species generation, Biomater. Sci. 8 (1) (2020) 201–211. 

[297] P. Makvandi, M. Ghomi, M. Ashrafizadeh, A. Tafazoli, T. Agarwal, M. Delfi, 
J. Akhtari, E.N. Zare, V.V.T. Padil, A. Zarrabi, N. Pourreza, W. Miltyk, T.K. Maiti, 
A review on advances in graphene-derivative/polysaccharide bionanocomposites: 
therapeutics, pharmacogenomics and toxicity, Carbohydr. Polym. 250 (2020), 
116952. 

M.D.A. Paskeh et al.                                                                                                                                                                                                                           

http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125445323
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125445323
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125445323
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124240011
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124240011
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124240011
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124240011
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124240011
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125563103
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125563103
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125563103
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125563103
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127327439
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127327439
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127327439
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128273611
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128273611
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128273611
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180122316341
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180122316341
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180122316341
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180122316341
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123324058
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123324058
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123324058
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131186540
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131186540
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131186540
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131186540
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131466026
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131466026
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131466026
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124067108
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124067108
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124067108
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124067108
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124116802
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124116802
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124116802
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124116802
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126179438
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126179438
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126179438
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128139785
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128139785
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128139785
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128139785
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126256586
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126256586
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126256586
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180126256586
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127135565
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127135565
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127135565
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134582321
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134582321
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134582321
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130349162
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130349162
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180130349162
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131518691
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131518691
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131518691
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131518691
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127015353
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127015353
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127015353
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180127015353
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180136280501
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180136280501
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180136280501
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180136280501
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118296148
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118296148
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180118296148
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129572111
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129572111
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180129572111
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117468229
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117468229
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117468229
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117468229
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125047551
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125047551
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125047551
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128357348
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128357348
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128357348
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128357348
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131186697
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131186697
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180131186697
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117159412
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117159412
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180117159412
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134148690
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134148690
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134148690
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180134148690
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123565504
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180123565504
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135015414
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135015414
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135015414
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135015414
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180135015414
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124138390
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124138390
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124138390
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180124138390
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125396203
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125396203
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180125396203
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128487772
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128487772
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128487772
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128487772
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128369650
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128369650
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128369650
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128369650
http://refhub.elsevier.com/S0925-4439(21)00259-3/rf202112180128369650

	Targeted regulation of autophagy using nanoparticles: New insight into cancer therapy
	1 Introduction
	2 Autophagy machinery
	3 Pre-clinical models of autophagy
	4 Nanomaterials and autophagy regulation
	4.1 Polymeric nanoparticles
	4.2 Green-modified nanoparticles
	4.3 Lipid-based nanoparticles
	4.3.1 Liposomes
	4.3.2 Micelles

	4.4 Carbon-based nanomaterials
	4.4.1 Carbon dots
	4.4.2 Graphene nanomaterials

	4.5 Metal nanomaterials

	5 Conclusion and remarks
	Abbreviations
	Declaration of competing interest
	References


