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Abstract. Autophagy is a fundamental cellular metabolic 
process, whose main role is to remove excess or damaged 
organelles and maintain the normal structural state of cells. 
Autophagy‑related gene 5 (ATG5) is one of the important genes 
involved in cellular autophagy, which is widely expressed in 
tissues and cells and connected to various signaling pathways. 
It is involved in the regulation of cell proliferation, invasion 
and migration as well as the tumor immune microenvironment, 
which affects the resistance to radiotherapy and chemotherapy, 
as well as the overall survival of tumor patients. Recently, 
many studies have confirmed that ATG5 plays a double‑edged 
sword role on tumors, as it can play not only pro‑tumor but 
also tumor‑suppressive roles. However, its role in tumor treat‑
ment has not been systematically summarized. Therefore, this 
paper provides a systematic summary of the basic functions of 
ATG5, its role in the development and treatment of tumors and 
potentially give some ideas for clinical treatment of tumors.
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1. Introduction

As is well‑established, tumors constantly affect human 
health (1). Numerous studies have demonstrated that tumor 
development and resistance to radiotherapy and chemotherapy 
are closely related to abnormal autophagic activities, and a 
comprehensive understanding of the molecular mechanisms 
of autophagy on tumors, can help develop targeted therapeutic 
strategies and provide novel insights into tumor treatment (2‑5).

Autophagy is a highly conserved metabolic pathway 
by which cells regulate autophagy‑related genes to remove 
abnormal proteins, damaged organelles and pathogenic micro‑
organisms, in order to maintain cellular homeostasis (6‑8). 
Under normal physiological conditions, autophagy allows 
cells to degrade damaged intracellular proteins, circulate 
nutrients, and generate energy in a timely manner to maintain 
cell viability in most tissues and under unfavorable condi‑
tions such as hypoxia or ischemia, as a cellular protective 
mechanism (9). However, persistent abnormalities in cellular 
autophagic activity can lead to various diseases (10‑12), such 
as cardiovascular (13), neurodegenerative (14) and infectious 
diseases (15), as well as malignant tumors (16).

During the onset of autophagy, there are various 
autophagy‑associated proteins (ATGs) that regulate and 
control the different stages of autophagosome formation 
and are key regulators of autophagosome formation (17,18). 
To date, scientists have identified >40 genes encoding ATG 
proteins in yeast, and most of them are highly conserved 
in yeast and mammals (19‑21). In mammalian cells, star‑
vation‑induced autophagy is regulated by ~20 core ATG 
genes, and the more studied ATGs include ATG5, ATG6 
(Beclin1), ATG7, and ATG8 (LC3‑PE), among which ATG5 
and ATG7 are decisive regulators of the pre‑autophagic 
ubiquitination (22‑24). ATG5 is dysregulated in numerous 
tumors and its role varies greatly among tumors, making it 
a double‑edged sword with both promoting and inhibiting 
effects on tumors. This property also provides two concepts 
for tumor therapy: Inhibition of ATG5 to improve the effect 
of anticancer therapy or activation of ATG5 to induce 
autophagic death of tumor cells. The aim of the present 
study was to provide an overview of the basic functions of 
ATG5 and its mechanism of action in tumor development 
and treatment.
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2. Methods

A biomedical literature retrieval website (http://www.ncbi.
nlm.nih.gov/pubmed) was used to search for topic keywords 
related to this review. Subsequently, ‘advanced’ was selected 
on the PubMed homepage to enter the advanced search page, 
the corresponding search term was placed in the search box, 
and ‘search’ was selected to enter the search results interface. 

In terms of ‘Introduction’, the keyword was ‘ATG5’, and 
initially 4,627 articles were gathered. Further screening was 
conducted, and 24 articles were ultimately selected.

In terms of ‘Structure of ATG5’, the key word was ‘ATG5, 
structure’, and initially 390 articles were collected. Further 
screening was conducted, and three articles were finally 
cited.

In terms of ‘Biological functions of ATG5’, this was divided 
it into the following aspects: In terms of ‘DNA level regula‑
tion’, the key words were ‘ATG5, gene’, and 2,262 articles were 
initially obtained, which were further analyzed and finally 
three articles were cited; in terms of ‘Post‑transcriptional 
level regulation’, the key words were ‘ATG5, mRNA’, and 548 
articles were initially selected, which were further screened 
and two articles were ultimately mentioned; in terms of 
‘Post‑translational modifications’, the key words were ‘(ATG5) 
AND (Phosphorylation) OR (Ubiquitination) OR (acetylation)’. 
Initially, 1,179 articles were amassed and further screening 
was performed, and finally seven articles were cited.

In terms of ‘ATG5 is involved in tumorigenesis develop‑
ment’, the key words were ‘(ATG5) AND (cancer)’. Initially, 
1,648 articles were obtained and after further assessment, 
these were divided into the following aspects: In terms of 
‘ATG5 is involved in the autophagic process of tumors’, after 
further analysis, nine articles were selected; in terms of ‘ATG5 
promotes tumor cell apoptosis’, after further study, five articles 
were cited; in terms of ‘ATG5 is involved in tumorigenesis 
development in other ways’, after further screening, ultimately 
four articles were selected.

In terms of ‘Dual effects of ATG5 on tumors’, the key 
words were ‘(ATG5) AND (cancer)’. Initially 1,648 articles 
were obtained and further investigated, and divided into the 
following aspects: In terms of ‘Upregulation of ATG5 expres‑
sion’, after further assessment, four articles were selected; in 
terms of ‘Downregulation of ATG5 expression’, after further 
screening, ultimately 30 articles were cited.

In terms of ‘Role of ATG5 in tumor treatment’, the key 
words were ‘(ATG5) AND (cancer)’. Initially 1,648 articles 
were obtained and further examined, and divided into the 
following aspects: In terms of ‘Therapeutic strategies for 
downregulation of ATG5’, after further screening, 13 articles 
were cited; in terms of ‘Therapeutic strategies for upregula‑
tion of ATG5’, following further assessment, five articles were 
selected.

3. Structure of ATG5

The ATG5 protein consists of three main structural domains 
(Fig.  1): Two ubiquitin‑like structural domains at the 
N‑terminal and C‑terminal ends are connected by two junc‑
tional regions (L1 and L2) on either side of the multi‑helix 
structural domain, respectively. Thr‑193, located in the L2 

junctional area, is the site where calpains cleave full‑length 
33 kDa ATG5 into 24 kDa truncated‑ATG5 (tATG5), that 
promotes apoptosis by targeting mitochondria  (25). Both 
ubiquitin‑like structures consist of five‑stranded β‑pleated 
sheets and two α‑helices. The multi‑helix structure consists of 
one short α‑helix and two long α‑helices, and the conjugation 
site Lys‑149 of ATG5 and ATG12 is located in this structural 
domain. The ATG5‑ATG12 complex binds ATG16 to generate 
the autophagy elongation complex to promote autophagy. 
There is also an α‑helix structural domain in addition to the 
N‑terminal ubiquitin‑like structural domain (26,27).

4. Biological functions of ATG5

DNA level regulation. The c allele of the rs2245214 ATG5 
gene polymorphism is associated with increased suscep‑
tibility to non‑small cell lung cancer (NSCLC), while the 
(guanine/cytosine) GC genotype of this polymorphism is 
associated with reduced risk and therefore may have a protec‑
tive role in the development of NSCLC (28). SMARCB1 is 
a tumor suppressor gene that inhibits the malignant prolif‑
eration of chordoma cells both in  vitro and in  vivo. The 
molecular mechanism of tumor suppression directly binds 
to the ATG5 promoter (+8 to +263 bp) and epigenetically 
suppresses its transcription, which decreases ATG5 expres‑
sion and downregulates autophagy (29). Nuclear respiratory 
factor 1 (NRF1) can act as a transcription factor that binds 
to the ATG5 promoter, promoting ATG5 transcription and 
subsequently upregulating autophagy levels, while reduced 
autophagic activity contributes to the development of 
melanoma (30).

Post‑transcriptional level regulation. MicroRNAs 
(miRNAs/miRs) can negatively regulate ATG5 at the 
post‑transcriptional level by binding to the 3'UTR of ATG5 
mRNA (31). LncRNA IDH1‑AS1 regulates the stability of 
ATG5 mRNA by interacting with the selective splicing regula‑
tory protein PTBP3 to upregulate expression, which in turn 
promotes autophagy and prostate cancer cell proliferation (32).

Post‑translational modifications 
Phosphorylation. In hypoxia‑induced glioblastoma (GBM) 
cells, hypoxia‑induced ELP3‑mediated acetylation of PAK1 
inhibits PAK1 dimerization and enhances its activity, thus 
leading to PAK1‑mediated phosphorylation of ATG5 at residue 
T101, which protects ATG5 from ubiquitin‑dependent degra‑
dation and increases the affinity between the ATG12‑ATG5 
complex and ATG16L1, that promotes the formation of 
autophagosomes (33).

Ubiquitination. Ubiquitination‑proteasome is a major intra‑
cellular protein degradation pathway in eukaryotes, and 
the immunoproteasome subunit β5i in cardiac myocytes 
promotes ubiquitination and degradation of ATG5 protein, 
thereby inhibiting autophagy that leads to myocardial hyper‑
trophy (34). Ubiquitin‑specific peptidase 22 (USP22) stabilizes 
ATG5 by reducing the ubiquitination of ATG5 at the K27‑ and 
K48‑linkages Lys118 site, promoting autophagosome forma‑
tion, inhibiting NLRP3 inflammatory vesicle activation, and 
preventing excessive inflammation (35).
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Acetylation. Acetylation which is an important post‑transla‑
tional modification of proteins in mammalian cells, is involved 
in the regulation of numerous biological processes (36‑38). 
Histone acetyltransferase p300 inhibits autophagy by acety‑
lating other autophagy‑related proteins of ATG5, regulating 
cell growth and proliferation (39).

5. ATG5 is involved in tumorigenesis development

ATG5 is involved in the autophagic process of tumors. Cellular 
autophagy can be divided into five phases: Autophagy induction 
phase, nucleation process, extension phase of the autophago‑
some, maturation phase of the autophagosome, and lysis phase 
of the autophagosome (40). ATGs are continuously recruited 
near the vesicles and assembled to form autophagic precursors, 
whose maturation requires the continuous extension of autopha‑
gosomal membranes (41,42). ATG5, as the main regulator of the 
pre‑autophagic ubiquitination process, plays a decisive role in the 
development of autophagy. ATG12 covalently modifies ATG5 
by the E1‑like enzyme, ATG7, and the E2‑like enzyme, ATG10, 
and binds to ATG5 to form the ATG12‑ATG5 conjugate, which 
eventually binds to ATG16 to form the ATG12‑ATG5‑ATG16 
ubiquitin‑like protein conjugation system that participates in the 
membrane elongation process in two ways: Directly bound to 
the membrane or as an E3‑like enzyme involved in LC3III‑PE 
splicing for subsequent activation of autophagy (43‑45) (Fig. 2).

It has been shown that in HBx‑associated hepatocellular 
carcinoma (HCC) cells, where autophagy levels are upregu‑
lated, downregulation of autophagy levels by inhibition of 

ATG5 expression attenuates HBx‑induced cell cycle accelera‑
tion and G1/S block‑induced proliferative responses, thereby 
inhibiting HCC proliferation (46). Wang et al (47) revealed 
that inhibition of ATG5 expression in human colon cancer 
cells (HCT116) followed by induction of EMT through the 
SQSTM1‑NFKB pathway could promote cell migration and 
induce invasion. Liang et al (48) reported that cadmium, a 
carcinogenic heavy metal, inhibited cellular autophagy and 

Figure 1. Protein structure diagram of autophagy‑related gene 5. 

Figure 2. Autophagy‑related gene 5 is involved in the formation of autopha‑
gosomes.
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promoted the proliferation and migration of breast cancer cells 
through the downregulation of ATG5 expression, suggesting 
that ATG5 expression can inhibit the metastasis of certain 
cancer cells.

ATG5 promotes tumor cell apoptosis. In addition to regulating 
autophagosome formation of tumor cells, ATG5 also has an 
important role in tumor cell apoptosis, with direct or indirect 
pro‑apoptotic effects. In breast cancer cells, ATG5 is cleaved 
by calpain and the cleavage product truncated‑ATG5 (1‑193) 
(tATG5), targets mitochondria with pro‑apoptotic activity (25). 
Cyathin Q is a diterpene compound extracted from a fungus 
that can inhibit the growth and proliferation of HCT116. Upon 
compound action on cells, mitochondria produce reactive 
oxygen species (ROS), which on the one hand induces apoptosis 
by directly downregulating the apoptosis‑inhibiting protein 
Bcl‑2 and upregulating the pro‑apoptotic protein Bim, and 
on the other hand, promotes cell death by cleaving the ATG5 
protein to convert autophagy into apoptosis (49). Cinobufagin, 
a butyrolactone steroid with anticancer activity, can reduce 
the expression of autophagy‑related proteins, such as ATG5, 
to downregulate autophagy levels and enhance apoptosis 
levels, thus inhibiting gastric cancer cell proliferation (50). 
In NSCLC, low expression of TECPR1 downregulates ATG5 
expression, downregulates Bax and LC3‑II/LC3‑I, upregu‑
lates p62 and Bcl‑2, thus inhibiting apoptosis and enhancing 
cell viability  (51). Zheng et al  (52) reported that in rectal 
colon cancer cells, high expression of lncRNA HAGLROS 
targeted upregulation of ATG5 through competitive binding 
with miR‑100, which in turn activated the PI3K/AKT/mTOR 
pathway and inhibited HCT116 cell apoptosis.

ATG5 is involved in tumorigenesis development in other 
ways. ATG5 mediates the cell cycle distribution of acute 
myeloid leukemia mesenchymal stem cells (AML MSC) and 
silencing of the ATG5 gene increases the proportion of the 
G0/G1 phase and decreases the proportion of the G2 phase, 
inhibiting the proliferation of AML MSC (53). ATG5 also has 

an important role in the tumor immune microenvironment, 
and it was determined that ATG5 is an essential protein for the 
presentation of tumor antigens by dendritic cells to activate 
CD4+ T cells to produce cytokines such as IL‑2 and IFN‑γ, 
thus initiating an immune response to inhibit tumor growth 
and proliferation (54). ATG5 also plays a role in DNA damage 
repair. Demirbag‑Sarikaya et al (55) revealed that when 293T 
and HeLa cells were subjected to genotoxic compounds such 
as etoposide, cisplatin and adriamycin, ATG5 interacted 
directly with the non‑homologous end joining (NHEJ) repair 
mechanism protein Ku70 in the nucleus to repair damaged 
DNA, rendering the cells resistant to the drug, and it was also 
reported the ATG5‑Ku70 interaction was required for DNA 
damage repair. In addition, nuclear translocation of ATG5 can 
cause drug resistance in tumor cells. By analyzing clinical 
rectal colon cancer specimens, Sun et al (56) revealed that 
ATG5 exhibited nuclear translocation in rectal colon cancer 
cells, nuclear ATG5 bound to Mis18α to form ATG5‑Mis18α 
interaction, and ATG5‑Mis18α overexpression induced MLH1 
deletion by promoting MLH1 promoter CpG island hyper‑
methylation, thus leading to drug resistance in rectal colon 
cancer cells. Therefore, ATG5 or ATG5‑Mis18α may be used 
as a therapeutic target for rectal colon cancer cells. The pattern 
of ATG5 involvement in tumorigenesis development is shown 
in Fig. 3.

6. Dual effects of ATG5 on tumors

Upregulation of ATG5 expression. Yu et al (57) determined 
that hypoxia‑inducible factor HIF1α could directly bind to 
the ATG5 promoter of human prostate cancer cells (PC‑3) to 
upregulate the expression of ATG5, thereby increasing the level 
of autophagy and promoting the proliferation and migration of 
PC‑3 cells. Wang et al (58) revealed that miR‑20a increased 
the level of autophagy by targeting ATG5 and upregulating 
its expression to promote the proliferation of osteosarcoma 
cells. Zhou et al (59) through KM analysis demonstrated that 
among numerous ATGs, ATG5 was the most detrimental 

Figure 3. ATG5 is involved in the occurrence and development of tumors. ATG5, autophagy‑related gene 5.
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factor affecting the prognosis of patients with cervical cancer, 
and the survival of patients with cervical cancer with high 
ATG5 expression was shorter regardless of clinical stage and 
pathological grading. Analysis also revealed that ATG5 was 
involved in ERK/NFκBp65/mTOR pathway‑induced epithe‑
lial‑mesenchymal transition (EMT) promoting migration and 
invasion of cervical cancer cell lines. This suggests that ATG5 
may be a potentially powerful therapeutic target for cervical 
cancer. In prostate cancer cells (PCa) (60), CHRM1 was highly 
expressed and targeted ATG5 through the AMPK/mTOR 
signaling pathway to regulate cellular autophagy and promote 
cancer cell infiltration and metastasis.

Downregulation of ATG5 expression. ATG5 expression was 
revealed to be significantly reduced in melanoma tissues, and 
associated with poor patient prognosis, as a consequence of 
reduced nuclear respiratory factor 1 (NRF1) activity  (30). 
In papillary thyroid carcinoma, RBM47 expression was 
reduced and decreased ATG5 expression through the 
SNHG5/FOXO3/ATG5 axis to decrease autophagy levels, thus 
promoting cancer cell proliferation (61). ANXA1 was demon‑
strated to promote nasopharyngeal carcinoma cell migration 
and invasive metastasis by activating the PI3K/AKT signaling 
pathway, downregulating ATG5 expression, and decreasing 
autophagy levels (62).

Long non‑coding RNAs (lncRNAs) are a group of 
non‑coding RNAs that are >200 nucleotides in length, typically 
accounting for >80% of a whole‑genome transcript (63‑65). 
Circular RNAs (circRNAs) are a class of non‑coding RNAs that 
do not have a 5' end cap and a 3' end poly(A) tail and are cova‑
lently bonded to form a circular structure (66). LncRNAs and 
circRNAs can both compete as endogenous competing RNAs 
(ceRNAs) to bind miRNAs (67‑69). MiRNAs are a group of 
small non‑coding RNAs of ~22‑24 nucleotides in length that 
negatively regulate target genes at the post‑transcriptional level 
by binding to the 3'UTR of target mRNAs, and the competi‑
tive binding of ceRNAs to miRNAs can reverse this negative 

regulation. An increasing number of studies  (70‑78) have 
shown that the regulatory pattern of ceRNA/miRNAs/ATG5 
plays an important role in tumorigenesis development. The 
ceRNA/miRNAs/ATG5 regulatory patterns in different types 
of tumors are listed in Table I.

Therefore, ATG5 has a dual role in tumors through the 
activation of autophagic activity. This dual role is reflected in 
different stages of tumor development. On the one hand, usually, 
autophagy plays an oncogenic role in the initiation stage of 
tumorigenesis, and in the early stage of tumorigenesis, autophagy 
can reduce tumorigenesis by inhibiting the continuous growth 
of precancerous cells. Tumor cells can survive by using the 
autophagy mechanism to fight against nutrient deficiency and 
hypoxia in the intermediate and advanced stages of tumor devel‑
opment (43,79,80), which indicates that autophagy inhibition may 
be an effective anticancer therapy for intermediate and advanced 
cancers. On the other hand, cellular autophagy also plays a dual 
role in tumor migration, infiltration, and differentiation of tumor 
stem cells, being involved in both inhibition of tumor growth to 
promote cancer cell death (cytotoxic/non‑protective autophagy) 
and possibly providing nutrients to tumor cells to promote 
cancer cell survival (protective autophagy) (81‑83). Moreover, 
ATG5 has different dual roles for various types of cancer cells, 
with high ATG5 expression associated with poor prognosis in 
CESC (59), early esophageal squamous cell carcinoma (84), and 
neuroblastoma (85). By contrast, high ATG5 expression predicts 
a favorable prognosis for patients with breast cancer (86) and 
osteosarcoma (87). This property also provides two concepts 
for tumor treatment: Inhibition of ATG5 to improve anticancer 
therapy or activation of ATG5 to induce autophagic death of 
tumor cells.

7. Role of ATG5 in tumor treatment

Studies have revealed that inhibition of non‑protective 
autophagy in tumor cells has little effect on the sensitivity 
of cancer cells to chemotherapy and radiotherapy (88), but 

Table I. ceRNA/miRNAs/ATG5 regulatory signaling pathways in various types of tumors.

			   ATG5	 Autophagy	 Effects on	
Types of tumors	 Tumor marker	 Signaling pathway	 expression	 level	 tumors	 (Refs.)

Gastric cancer	 lncRNA XIST ↑	 miR‑30c/ATG5	 ↑	 ↑	 Promotes	 (70)
Gastric cancer	 lncRNA CCT1 ↑	 miR‑140‑3p/ATG5	 ↑	 ↑	 Promotes	 (71)
Lung cancer	 lncRNA PVT1 ↑	 miR‑140‑3p/ATG5	 ↑	 ↑	 Chemoresistance	 (72)
Papillary thyroid	 lncRNA	 miR‑187‑3p/ATG5	 ↓	 ↓	 Promotes	 (73)
Carcinoma	 GAS8‑AS1 ↓
Non‑small cell	 circ‑FOXM1 ↓	 miR‑149‑5p/ATG5	 ↓	 ↓	 Promotes	 (74)
lung cancer
Colorectal cancer	 miR‑183‑3p ↑	 miR‑183‑3p/ATG5	 ↓	 ↓	 Radioresistance	 (75)
Colorectal cancer	 miR‑20a ↓	 miR‑20a/ATG5/FI200	 ↑	 ↑	 Promotes	 (76)
Bladder cancer	 miR‑30a‑3p ↓	 miR‑30a‑3p/ATG5	 ↑	 ↑	 Chemoresistance	 (77)
Renal cell	 miR‑30d‑5p ↓	 miR‑30d‑5p/ATG5	 ↑	 ↑	 Promotes	 (78)
carcinoma

ATG5, autophagy‑related gene 5.
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inhibition of protective autophagy can increase chemo‑
therapeutic drug‑induced apoptosis in cancer cells (89), and 
inhibition of protective autophagy in tumor cells can suppress 
STAT3 signaling pathway‑mediated DNA damage repair (90), 
thus increasing the sensitivity of tumor cells to radiotherapy. 
Therefore, protective autophagy inhibitors combined with 
conventional treatment of tumors provide novel therapeutic 
strategies for cancer treatment (91‑95). ATG5 plays a pivotal 
role in regulating cancer resistance to radiation and drug 
resistance through the activation of autophagy, and blocking 
or activating autophagy through ATG5 may be used to develop 
a promising tumor treatment strategy.

Therapeutic strategies for downregulation of ATG5. 
Chen et al (96) revealed that the cisplatin‑induced apoptosis 
of A549 lung cancer cells could be promoted by inhibiting 
the expression of ATG5, suggesting that ATG5 can be used as 
a drug target for tumor treatment, thus providing theoretical 
support for the precise treatment of tumors. SMARCB1, an 
oncogene, is a core component of the SWI/SNF complex that 
binds directly to the promoter region of ATG5 in the nucleus 
to epigenetically repress ATG5 transcription, thereby down‑
regulating autophagy and inhibiting cell carcinogenesis (29). 
Mo et al  (97) revealed that inhibition of the expression of 
the autophagy‑related gene ATG5, decreased Rad51 mRNA 
expression and increased DNA damage levels and induced 
apoptosis in tumor cells, enhancing the radiosensitivity of 
nasopharyngeal carcinoma cells. It was reported that the 
radiosensitivity of head and neck squamous cell carcinoma 
(HNSCC) could be activated by inhibiting ATG5 expression, 
and ATG5 inhibitor combined with solute carrier family 3 
member 2 targeting (SLC3A2) may be an effective strategy for 
radiosensitization of HNSCC (98). Bellare et al (99) revealed 
that autophagy in breast cancer cells could cause the develop‑
ment of PARP inhibitor (PARPi) talazoparib resistance, and 
that drug‑induced DNA damage repair could be converted to 
NHEJ by inhibiting ATG5 expression, ultimately leading to 
genomic instability and cell death. Han et al (100) reported that 
MCF10A cells secreting exosomes delivering miR‑567 could 
be taken up by trastuzumab‑resistant cells, thus reversing 
trastuzumab resistance in breast cancer cells by targeting 
the downregulation of ATG5. Decreased miR‑137 expression 
in adriamycin‑activated pancreatic cancer cells, rendered 
pancreatic cancer cells resistant to chemotherapy. In this 
study, miR‑137 could also enhance cellular chemosensitivity 
by directly inhibiting ATG5 and downregulating autophagy 
levels (101). In ADR‑resistant liver carcinoma (HepG2/ADR) 
cells, the downregulation of miR‑155‑5p expression and the 
upregulation of ATG5 expression rendered HCC cells resis‑
tant to the drug (102). In NSCLC, miRNA‑153‑3p suppressed 
autophagy by directly binding to the ATG5 gene to downregu‑
late ATG5 expression. However, in gefitinib‑resistant NSCLC, 
miRNA‑153‑3p expression was reduced, leading to the upregu‑
lation of autophagy levels, thus rendering the cells resistant to 
the drug (103). Polypyrimidine tract‑binding protein 1 (PTBP1) 
is a common RNA‑binding protein whose main function is to 
selectively splice exons or introns to produce different mRNA 
isoforms by binding to specific sequences of target gene 
precursor mRNAs as a splicing factor. Compared to sensitive 
cells, IncRNA ZNF649‑AS1 was revealed to be more highly 

expressed in trastuzumab‑resistant breast cancer cells, where 
it increased ATG5 transcription by binding to PTBP1 in the 
cytoplasm, thereby increasing the level of ATG5 expression, 
which in turn upregulated the level of autophagy and rendered 
the cells resistant to the drug (104). Curcumin was demon‑
strated to upregulate miR‑181a expression in triple‑negative 
breast cancer cells (TNBC). miR‑181a downregulated ATG5 
levels by binding directly to ATG5, thus downregulating 
autophagy levels in TNBC cells, maintaining cell stemness, 
and inhibiting tumor cell growth (31). Lomeguatrib inhib‑
ited the proliferation, invasion, migration, and autophagy of 
PanC‑1/GEM cells by inhibiting MGMT, downregulating the 
expression of the apoptosis inhibitory proteins Bcl‑2, Beclin1, 
and autophagy‑related protein ATG5. Upregulation of the 
expression of pro‑apoptotic proteins caspase‑3 and Bax could 
promote apoptosis in PanC‑1/GEM cells (105). Icariin could 
significantly downregulate the expression of autophagy‑related 
proteins such as ATG5, inhibit cellular autophagy, and induce 
G0/G1 phase cell cycle arrest and apoptosis, thereby inhibiting 
MCF‑7/TAM cell proliferation (106). Therefore, combining 
ATG5 inhibitors with traditional antitumor treatment modali‑
ties can provide novel insights into tumor treatment.

Therapeutic strategies for upregulation of ATG5. Quinoline 
derivatives are a new class of antitumor drugs with the poten‑
tial for development. A series of 4,7‑disubstituted quinoline 
derivatives were designed, synthesized, and evaluated for their 
anti‑proliferative activity. The results revealed that compounds 

Figure 4. Double‑edged sword role of ATG5 in tumor treatment. ATG5, 
autophagy‑related gene 5; GC, gastric cancer; NSCLC, non‑small cell lung 
cancer; BC, breast cancer; CRC, colorectal cancer; NB, neuroblastoma; OS, 
osteosarcoma; PRAD, prostate cancer; CC, cervical cancer; ESCA, esopha‑
geal squamous cell carcinoma; PAAD, pancreatic adenocarcinoma; NPC, 
nasopharyngeal carcinoma; HNSCC, head and neck squamous cell carci‑
noma; SKCM, skin cutaneous melanoma; TPC, thyroid papillary carcinoma.
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10c, 10g, 10i, 10j, and 10k had strong anti‑proliferative activity 
against human tumor cells, with compound 10k being the 
most active, and could inhibit colorectal cancer cell growth 
by targeting and stabilizing ATG5 to induce autophagy (107).

It has also been recently revealed that ATG5 is required 
for the presentation of tumor antigens by dendritic cells to 
initiate an anti‑tumor CD4+ T cell immune response, acting as 
an antitumor agent. Therefore, upregulation of ATG5 expres‑
sion in certain tumors can exploit the immune response of the 
tumor tissue to act as an antitumor agent (54). Procyanidin B2 
(PB2) is a natural flavonoid compound with antitumor effects 
that can inhibit gastric cancer cell proliferation by inhibiting 
the PI3K/Akt/mTOR pathway, promoting the protein expres‑
sion of ATG5 and Beclin‑1, and upregulating autophagy 
levels (108). Muyin extract (MSE), a 1:1 mixture of Muyin seed 
and Epimedium extract, has been revealed to regulate apop‑
tosis‑related protein expression by blocking the Akt/mTOR 
pathway, regulate apoptosis‑related proteins to promote apop‑
tosis, upregulate the expression levels of autophagy‑related 
genes ATG5 and Beclin‑1, induce autophagy, and exhibits 
favorable antitumor activity in NSCLC (109). Cinnamaldehyde 
(CA) is the active component in cinnamon with inhibitory 
effects on tumor growth, migration, and invasion, which can 
induce the expressions of Beclin‑1, ATG5, and LC3B and 
inhibit the expression of p62 through the PERK/ATF4/CHOP 
pathway to lead to autophagic cell death (110).

ATG5 is a double‑edged sword in cancer progression, as 
autophagy induced by ATG5 provides essential nutrients to 
cancer cells, maintains their metabolism, and allow cells to 
survive after increased stress. However, after excessive induc‑
tion of autophagy degradation, cancer cell death may also be 
induced. During tumor progression, ATG5 expression is also 
regulated by other pathways, not by the autophagy pathway. 
Therefore, the tumor suppressive function of ATG5 in cancer 
may exist independently of autophagy. In addition, ATG5 
expression levels may vary in different types of tumor cells and 
at different stages of tumor development. These observations 
suggest that inhibiting or activating ATG5 may be a favorable 
strategy to inhibit cancer progression. On the one hand, in 
some cancers, such as colorectal (107), gastric (108,110) and 
non‑small cell lung cancer (109), autophagy can be induced by 
ATG5 activator to promote the apoptosis of tumor cells, thus 
aiding tumor treatment. On the other hand, in some cancers, 
such as nasopharyngeal  (97), breast  (100) and pancreatic 
cancer (101), autophagy can be inhibited by ATG5 inhibitors 
to achieve successful tumor treatment (Fig. 4).

8. Conclusion

ATG5 is an important member of numerous autophagy‑related 
genes. In addition to participating in the classical autophagy 
pathway, ATG5 also plays an important role in the occur‑
rence and development of tumors, such as apoptosis (51), cell 
cycle regulation (53), maintaining genomic stability (55) and 
immune inflammatory signaling pathways (54).

In conclusion, the study of the molecular mechanism 
of the effect of ATG5 on tumors can help develop targeted 
therapeutic strategies and provide novel insights into tumor 
treatment (4). In the future, activators or inhibitors of ATG5 
could be used as drug candidates for cancer treatment. ATG5 

may also be used as a tumor marker for diagnosis (59), and has 
a reference value for predicting patient prognosis. Although 
the interplay between its involvement in the autophagy acti‑
vation mechanism and apoptosis, as well as the association 
between autophagy and clinical drug resistance still requires 
further investigation, it is considered that more drugs selec‑
tively targeting ATG5 will be used in the future, which may 
aid in overcoming cancer.
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