
Role of autophagy in tumorigenesis, metastasis, targeted 
therapy and drug resistance of hepatocellular carcinoma

Fang Huang, Bing-Rong Wang, Yi-Gang Wang

Fang Huang, Yi-Gang Wang, Department of Pathology, Zhejiang 
Provincial People’s Hospital, People’s Hospital of Hangzhou 
Medical College, Hangzhou 310014, Zhejiang Province, China

Bing-Rong Wang, Yi-Gang Wang, Xinyuan Institute of Medicine 
and Biotechnology, School of Life Sciences, Zhejiang Sci-Tech 
University, Hangzhou 310018, Zhejiang Province, China

ORCID number: Fang Huang (0000-0002-3115-8703); Bing-
Rong Wang (0000-0001-8827-9955); Yi-Gang Wang (0000- 
n0003-4546-8179).

Author contributions: Huang F, Wang BR and Wang YG 
performed the literature review and drafted the manuscript; Huang 
F and Wang YG revised the manuscript; All the authors read and 
approved the final version to be published.

Supported by Natural Science Foundation of China, No. 
81803069; Natural Science Foundation of Zhejiang Province of 
China, No. LY18C070002 and No. LY16H160056; and 521 Talent 
Project of Zhejiang Sci-Tech University.

Conflict-of-interest statement: The authors declare that there is 
no conflict of interest related to this study.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Yi-Gang Wang, PhD, Associate Professor, 
Xinyuan Institute of Medicine and Biotechnology, School of Life 
Sciences, Zhejiang Sci-Tech University, No. 5, Road 2, Xiasha 
District, Hangzhou 310018, Zhejiang Province, 
China. wangyigang43@163.com
Telephone: +86-571-86843187
Fax: +86-571-86843185

Received: July 5, 2018  
Peer-review started: July 5, 2018
First decision: August 25, 2018
Revised: September 4, 2018 
Accepted: October 5, 2018 
Article in press: October 5, 2018 
Published online: November 7, 2018

Abstract
Autophagy is a “self-degradative” process and is involved 
in the maintenance of cellular homeostasis and the 
control of cellular components by facilitating the clearance 
or turnover of long-lived or misfolded proteins, protein 
aggregates, and damaged organelles. Autophagy plays 
a dual role in cancer, including in tumor progression and 
tumor promotion, suggesting that autophagy acts as a 
double-edged sword in cancer cells. Liver cancer is one 
of the greatest leading causes of cancer death worldwide 
due to its high recurrence rate and poor prognosis. 
Especially in China, liver cancer has become one of the 
most common cancers due to the high infection rate of 
hepatitis virus. In primary liver cancer, hepatocellular 
carcinoma (HCC) is the most common type. Considering 
the perniciousness and complexity of HCC, it is essential 
to elucidate the function of autophagy in HCC. In this 
review, we summarize the physiological function of 
autophagy in cancer, analyze the role of autophagy in 
tumorigenesis and metastasis, discuss the therapeutic 
strategies targeting autophagy and the mechanisms of 
drug-resistance in HCC, and provide potential methods to 
circumvent resistance and combined anticancer strategies 
for HCC patients.
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Core tip: Liver cancer seriously threatens human health, 
due to its high recurrence rate and poor prognosis. 
Hepatocellular carcinoma is the most common type of pri
mary liver cancer. Autophagy plays a dual role in cancer. 
Basic autophagy exerts a tumor suppression function 
by maintaining genomic stability in normal cells. When 
cancer occurs, activated autophagy benefits cancer cell 
survival and promotes cancer development. However, 
the mechanism and function of autophagy in human 
cancers, especially liver cancer, have not been clarified. 
We summarize the physiological function of autophagy 
and its role in tumorigenesis, metastasis, targeted therapy 
and drug-resistance in hepatocellular carcinoma.
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INTRODUCTION
Since the Nobel Prize in Physiology or Medicine 2016 
was awarded to Yoshinori Ohsumi “for his discoveries of 
mechanisms for autophagy”, there has been an increase 
in research worldwide to determine the mechanisms, 
functions and application of autophagy[1]. Autophagy, 
a “self-eating” phenomenon, maintains cellular ho
meostasis. In eukaryotic cells, there are two major 
cellular degradation organelles, the lysosome and the 
proteasome[2]. The proteasome generally recognizes 
and degrades only ubiquitinated substrates, with high 
selectivity. In contrast, lysosome degradation has a more 
complicated pattern. Extracellular material and plasma 
membrane proteins can be delivered to lysosomes for 
degradation via the endocytic pathway. However, cyto
solic components and organelles can be delivered to 
the lysosome for degradation via autophagy. Thus, it is 
understood that autophagy is an intracellular catabolic 
degradative process targeting damaged and superfluous 
cellular proteins, organelles, and other cytoplasmic com
ponents, which plays a role in the renewal of cells and 
tissues.

Autophagy is an evolutionarily conserved multistep 
process involving a group of conserved gene family mem
bers known as autophagy-related genes (ATGs). The 
first step is the induction of nucleation of the autophagy-
isolation membrane, which is initiated by assembly of 
the ULK1 complex, comprising ULK1, ATG13, ATG101, 
and FIP200[3]. During this assembly, an isolation mem
brane known as the phagophore is formed by the mem
brane derived from the endoplasmic reticulum, Golgi 
apparatus, and mitochondria. When the ULK1 complex 
translocates to the phagophore, the class Ⅲ phospho
inositide 3-kinase (PI3K) complex is assembled with 
VPS34, TP150, BECLIN-1, ATG14L, and AMBRA1. The 

formed VPS34-BECLIN1-ATG14L complex promotes 
membrane nucleation[4]. After nucleation, elongation of 
the isolation membrane and autophagosome completion 
take place, which is involved in ATG5-ATG12 conjugation 
and LC3 processing. E1 and E2 ligases, ATG7 and 
ATG10, mediate the ATG12-ATG5 conjugation, which 
binds to ATG16L and aids phagophore elongation by 
recruitment of LC3-Ⅱ to the membrane[5]. LC3 is widely 
used as an autophagosomal marker. Completion of the 
double-membrane autophagosome is dependent on 
elongation of the isolation membrane, sequestration of 
cargo, and closure of the membrane. The last event in 
the autophagic process is fusion of the autophagosome-
lysosome and degradation of cargo. Lysosomal fusion 
is orchestrated by Rabs, SNAREs, and tethers, and the 
cargo is degraded in lysosomes[6,7]. Thus, the lysosome is 
often described as a ‘‘cellular garbage can’’, and plays a 
crucial role in autophagy for cellular renewal. 

In the past two decades, the finding of a series of 
ATG genes in yeast and mammals has increased our 
understanding of the physiological and pathological roles 
of autophagy, particularly in many human diseases[8]. 
However, the mechanism and function of autophagy in 
human cancers, especially liver cancer, have not been 
clarified. In this review, we summarize the physiological 
function of autophagy and discuss the role of autophagy 
in tumorigenesis, metastasis, targeted therapy and drug 
resistance of hepatocellular carcinoma (HCC).

FUNCTIONAL ROLES OF CELLULAR 
AUTOPHAGY IN EUKARYOCTYES
Under normal conditions, basal autophagy with a house
keeping function has physiological roles involved in the 
maintenance of cellular homeostasis and the control 
of cellular components by facilitating the clearance or 
turnover of long-lived or misfolded proteins, protein ag
gregates, and damaged organelles[9]. However, under 
cellular stress, such as nutrient starvation, oxidative 
stress, hypoxia, or infection, autophagy plays a cyto
protective or an adaptive role[10]. Thus, autophagy can 
degrade macromolecules including nucleic acid, proteins, 
carbohydrates, and triglycerides to nucleosides, amino 
acids, sugars, and free fatty acids, respectively, which 
are available for de novo synthesis of biomolecules or for 
the generation of ATP for energy cellular functions via the 
tricarboxylic acid cycle and other metabolic processes[11].

The role of autophagy in cancer has been well studied 
in the past decade. Extensive interest has been focused 
on understanding the paradoxical roles of autophagy in 
tumor progression and tumor promotion, which suggests 
that autophagy acts as a double-edged sword in cancer 
cells[12,13]. On the one hand, basic autophagy has as 
tumor suppression function by maintaining genomic 
stability in normal cells. When cancer occurs, activated 
autophagy benefits cancer cell survival and promotes 
cancer development[14,15]. On the other hand, autophagy 
also appears to serve as a pro-survival or pro-death 
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response in different cancers under different conditions[16]. 
For example, following radiation, chemotherapy and 
targeted therapy, autophagy in cancer cells is usually 
activated[17,18], and is considered to serve as an important 
mechanism of therapeutic resistance by supporting tu
mor cell survival[18]. Thus, inhibition of autophagy may be 
a candidate strategy for cancer therapy. 

ROLE OF AUTOPHAGY IN HCC
Liver cancer is the third leading cause of cancer death 
worldwide, due to its high recurrence rate and poor 
prognosis[9]. In China, liver cancer is the third most 
common cancer, having an incidence rate ranked four
th, a mortality rate ranked second, and 18.43 per 
10000 patients diagnosed with it[19,20]. HCC is the most 
common type of primary liver cancer, and accounts for 
85%-90% of all cases. Currently, surgical resection is 
recommended for very early stage and early stage HCC, 
following chemo/radiotherapy, but HCC is still prone to 
recurrence and metastasis after surgery, and there is 
still no effective treatment for patients with advanced, 
metastatic or drug-resistant HCC[21-23]. Therefore, it is 
essential to elucidate the mechanisms of tumorigenesis, 
metastasis, and drug resistance in HCC, and identify 
effective and safe therapeutic strategies and prognostic 
biomarkers (Figure 1). In view of the fact that activated 
autophagy plays an important role in the occurrence 
and progression of human neurodegenerative diseases, 
fatty liver disease, lupus disease, Crohn’s disease, and 
cancers, the regulation of autophagy may contribute to 
the treatment of tumors including HCC.

Autophagy and HCC tumorigenesis
The function of autophagy in the liver is a topic of con
cern. Autophagy plays multiple roles in maintaining liver 
homeostasis, and contributes to the preservation of 
genome stability in liver cells and the prevention of malig
nant transformation by removing harmful mitochondria 
and transformed liver cells[9]. However, knock-out (KO) of 
ATG5 and ATG7, two key autophagy genes, results in the 
accumulation of nonfunctional proteins and organelles 
in liver cells[24]. The absence of ATG7 by conditional KO 
in mouse liver results in developing hepatomegaly and 
various metabolic liver disorders in these mice[25,26]. The 
role of autophagy in tumorigenesis is controversial and 
complex, as both up-regulation and down-regulation of 
autophagy have been found in cancers, suggesting that 
it has oncogenic and tumor suppressor properties during 
malignant transformation[9].

Autophagy also has dual roles during the progress of 
liver cancer. It has been confirmed that autophagy has a 
suppressive role in the very early or early stage of HCC 
tumorigenesis. Direct evidence of the tumor-suppressing 
role of autophagy in HCC was derived from the key 
autophagy gene BECLIN1 KO mice[27]. BECLIN1 is the 
only dual function molecule which acts as both a tumor 
suppressor and autophagy regulator[28,29]. Mice with he
terozygous disruption of BECLIN1 showed reduced auto
phagy activity and tended to initiate the spontaneous 
formation of malignant lesions, including HCC[27]. Further 
studies showed that decreased expression of BECLIN1 
was correlated with HCC grade, which demonstrated 
the possible use of BECLIN1 as an HCC prognostic bio
marker[30]. 

Takamura et al[24] used mice with liver-specific KO of 
ATG5 to study the role of autophagy in carcinogenesis 
and found that abolishing the expression of ATG5 
impaired autophagy in the liver and led to oxidative 
DNA damage and the development of benign hepatic 
tumors with no visible carcinoma. This inability to de
velop HCC was correlated with the induction of tumor 
suppressors, such as TP53, TP16, TP21, and TP27, 
which negatively modulated the progression of tumo
rigenesis when autophagy was impaired, with the fea
tures of mitochondrial swelling, TP62 accumulation, 
oxidative stress, and genomic damage responses[31]. 
Simultaneously, liver specific ATG7 KO mice also devel
oped liver tumors that were smaller in size after TP62 
deletion[24,31], which indicated that the accumulation 
of p62 caused by autophagy deficiency contributes to 
tumor progression.

More recently, Liu et al[32] reported that autophagy 
is required for benign hepatic tumors to progress into 
malignant HCC. Their studies indicated that autophagy, 
or more specifically mitophagy, was required to suppress 
TP53 and induce the expression of the transcription 
factor NANOG to maintain hepatic cancer stem cells 
and promote hepatocarcinogenesis[32]. Thus, although 
autophagy functions as a tumor suppressor in nontumor 
cells or the early stages of tumor cell development, 

4645 November 7, 2018|Volume 24|Issue 41|WJG|www.wjgnet.com

Nutrient starvation, hypoxia, 
oxidative stress, infection, etc .

Normal liver cells Drug-resistant HCCs
Metabolic

stress

Target HCC therapyEstablished HCCs Partially killed HCCs

Promotion
Autophagy

Or
Promotion Promotion

Promotion

Keeping homeostasis
Inhibition

Tum
origenesis D

ru
g 

re
si

st
an

ce

Figure 1  Different functions of autophagy in hepatocellular carcinoma. 
Autophagy is significantly induced and improved through degrading 
macromolecules for de novo synthesis of biomolecules under the condition of 
metabolic stress, including nutrient starvation, hypoxia, oxidative stress, infection, 
etc. The function of autophagy in liver cancer is a topic of concern, and it plays 
multiple roles in different situations. In normal liver cells, basal autophagy has 
a housekeeping function, is involved in maintaining liver homeostasis, and 
preventing malignant tumorigenesis by removing harmful mitochondria and 
transformed liver cells. Once hepatocellular carcinoma (HCC) is established, 
autophagy plays a tumor promotion role in tumor development, metastasis, and 
therapeutic resistance. Thus, appropriate autophagy inhibition could effectively 
suppress HCC growth and metastasis. However, in target HCC therapy, the role 
of autophagy is uncertain, for either inhibition or promotion, according to the 
different characteristic of agents. HCC: Hepatocellular carcinoma.
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pathway in regulating the role of autophagy in HCC 
metastasis[51]. They found that activation of autophagy 
can promote metastasis and glycolysis accompanied 
by MCT1 up-regulation in HCC cells, and autophagy 
induced MCT1 expression by activating Wnt/β-catenin 
signaling[51]. Thus, the study described the relationship 
between autophagy and glucose metabolism in HCC cell 
metastasis and may provide a potential therapeutic tar
get for HCC treatment. 

Autophagy and targeted HCC therapy
Compared to traditional therapy, the role of autophagy in 
targeted therapy of liver cancer seems to show potential 
in improving the lethality of tumors while having a les
ser effect on normal tissue cells[25]. For example, che
motherapy lacks cell type specificity and acts on both 
normal and cancer cells; thus, its efficacy is largely 
decreased. Autophagy is usually considered to play a 
suppressive role in tumorigenesis, including of HCC, and 
acts as an oncogenic factor in advanced HCC[52]. The 
best example (reported by Wu et al[53]) is autophagic 
LC3-Ⅱ over-expression being positively correlated with 
malignant progression and predictive of poor prognosis 
in HCC. Autophagy may provide the energy and ma
terials for growth and survival of cancer cells in the 
tumor microenvironment, which may include hypoxia, 
nutrient deficiency, and therapeutic stress[54]. This also 
provides the foundation for promising targeted therapy 
of established HCC through autophagy inhibition. 

However, autophagy has a dual function in the 
pathophysiology of liver cancer, and it is necessary to 
clarify which function benefits cancer therapy. Then, a 
targeting therapeutic strategy for HCC can be designed 
according to the particular role of autophagy, either 
autophagy induction or inhibition. A recent study showed 
that over-expression of lncRNA PTENP1 (a pseudogene 
of the tumor suppressor gene PTEN) in HCC cells induces 
onco-miRs miR-17, miR-19b and miR-20a, elevating the 
levels of PTENP1 and PTEN, and suppressing the onco
genic PI3K/AKT pathway, cell proliferation, migration/
invasion and inducing both autophagy and apoptosis[55]. 
These miRNAs increased the expression of autophagy 
genes including ULK1, ATG7, or TP62, triggered auto
phagy, and suppressed HCC tumor growth. These fin
dings indicate that the lncRNA/miRNAs/autophagy axis is 
important in targeted HCC therapy.

Reduced autophagy can induce growth inhibition 
in liver cancer, and autophagy activation may be be
neficial in HCC treatment[25]. The antitumor agent 
rapamycin and its derivatives also induce autophagy 
by inhibiting the mTOR pathway[56]. In clinical trials, 
rapamycin treatment resulted in an obvious antitumor 
effect along with improved overall survival rates in 
post-liver transplantation patients with HCC[57]. Similar 
results were observed following sirolimus (a derivative 
of rapamycin) treatment in patients with advanced 
HCC but without liver transplantation[58]. Another deri
vative of rapamycin, everolimus (RAD001), also had a 

autophagy becomes important for cancer cell survival 
once tumors, including HCC, are established. It has 
been shown that autophagy can enhance the survival 
of tumor cells in the hypoxic regions of solid tumors[33], 
and autophagy is required to promote tumorigenesis by 
maintaining oxidative metabolism or facilitating glycolysis 
in cells expressing oncogenic Ras[34,35]. 

Autophagy and HCC metastasis
Tumor metastasis causes more than 90% of cancer 
deaths. Tumor cells grow in close quarters and then 
break away from the primary tumor under stressful 
conditions, such as exhaustion of available oxygen and 
nutrients, and then the migrating cancer cells develop 
into metastatic nodules[16,36,37]. This process involves the 
assembly of cell membrane surface proteins, activation 
of cell adhesion signals, and changes in the extracellular 
environment[38,39]. There is increasing evidence to show 
that autophagy plays an important role in the process 
of tumor metastasis[40]. Firstly, tumor cells gain energy 
through autophagy, which improves their survival ability 
and promotes migration outward[41,42]. Furthermore, 
autophagy can induce cell adhesion signal changes, 
and promote tumor cell invasion and migration[43]. More 
specific inhibition of focal adhesion kinase (commonly 
known as FAK) activates SRC kinase and thus inhibits 
autophagy[44]. In turn, inhibition of autophagy prevents 
the migration of SRC-driven metastatic tumor cells[43]. 
Further evidence suggests that focal adhesion inhibits 
the level of autophagic flux due to the accumulation of 
paxillin (PXN), a core component of focal adhesions[45,46]. 

Autophagy may play a positive role in HCC metastasis 
due to its pro-survival effect. Peng et al[47] found that 
autophagy inhibition by lentivirus-mediated silencing of 
BECN1 and ATG5 genes suppressed HCC metastasis 
by facilitating anoikis resistance and lung colonization 
of HCC cells, and autophagy-based HCC tissue-specific 
targeted therapy efficiently inhibited autophagy of HCC 
cells and tissue in a tissue-specific manner in vitro and in 
vivo. Further results showed that the expression of LC3 
in metastases was significantly higher than in patients 
with primary HCC, which suggested a higher level of 
autophagy in HCC metastases. Moreover, autophagy is 
activated in metastatic colonization but not in invasion, 
migration and detachment of HCC cells[48].

Epithelial-mesenchymal transition (EMT) is an im
portant intermediate stage of cancer metastasis[49]. 
Invasion of HCC cells is a leading cause of intrahepatic 
dissemination and metastasis. Autophagy is considered 
to be an important mediator in the invasion of cancer 
cells. One study showed that starvation-induced auto
phagy promoted the expression of EMT markers and 
invasion in HCC cells in a transforming growth factor 
beta (commonly known as TGF-β)/Smad3 signaling-
dependent manner[50]. This suggests that activation of 
TGF-β/Smad3-dependent signaling plays a key role in re
gulating autophagy-induced EMT. Another study also high
lighted the importance of the Wnt/β-catenin signaling 
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significant inhibitory effect on tumor growth in human 
HCC xenograft models[59]. However, in the clinical phase 
Ⅲ trial EVOLVE-1, administration of everolimus for 
advanced HCC after failure of sorafenib did not show 
a significant difference in the overall survival rate[60]. 
Egan et al[61] screened a potent ULK1 small molecule 
inhibitor, SBI-0206965, and the PI3K/mTOR inhibitor 
BEZ235 which down-regulated autophagy and inhibited 
HCC cell survival, and further found that SBI-0206965 
markedly synergized with the mTOR inhibitor everolimus 
or BEZ235 to kill HCC cells. Thus, the suitable combined 
use of different autophagic pathway targets may provide 
a promising therapeutic strategy for HCC in the clinic. 

As a multi-tyrosine kinase inhibitor of the mTOR 
pathway, sorafenib is also an autophagy inducer and is 
the first United States Food and Drug Administration-
approved drug for targeted HCC treatment[62]. Sorafenib 
has been widely used to treat advanced HCC patients 
and improved the survival rate in preclinical studies and 
several clinical trials[63,64]. A possible issue with sorafenib 
is drug resistance in HCC patients when sorafenib 
induces autophagy[65], as autophagy is required for HCC 
cell survival, especially in the early stages. In addition, 
sorafenib has a synergic antitumor effect on HCC growth 
when combined with Beclin1 or metformin and vorino
stat, and selumetinib via autophagy induction[66-69]. To 
date, 225 studies on sorafenib and liver cancer were 
found on the clinicaltrials.gov website. Of these, an 
ongoing clinical trial is investigating whether sorafenib/
hydroxychloroquine (HCQ)-regulated autophagy will have 
improved efficacy in HCC treatment when compared with 
sorafenib alone, and in patients progressing on sorafenib 
the addition of HCQ could lead to disease stability in 
those with advanced HCC[70]. 

Interestingly, in our previous studies, we found 
that autophagy modulation participated in oncolytic 
virotherapy in a liver cancer stem cell model[71]. The 
inhibition of autophagy by HCQ in cancer stem-like 
cells affected the invasion and migration of HCC cells, 
and the EMT process[72]. Further studies by our group 
showed that a novel oncolytic adenovirus targeting 
Wnt signaling effectively inhibited cancer-stem like cell 
growth via metastasis, apoptosis and autophagy in HCC 
models[71,72]. Thus, we also suggest that the inhibition of 
tumor metastasis by regulating autophagy may be one 
of the most effective therapies for HCC.

Autophagy and drug resistance
Although autophagy induction or inhibition can efficiently 
treat advanced HCC patients, either alone or combined 
with other anticancer agents, drug resistance is a 
challenge. It was shown that autophagy acted as a 
tumor promoter in an established metastatic tumor, 
as it facilitated cancer cell survival against anticancer 
therapy by providing nutrients and energy to cancer 
cells under metabolic and oxidative stress[73]. Studies 
have found that various chemotherapeutic drugs for HCC 
treatment can increase autophagic flux of HCC cells, and 

it may be related with enhancing drug resistance and 
promoting cell survival[23]. Thus, autophagy induction at 
the tumor development stage promotes resistance to 
cancer therapy, while inhibition of autophagy promotes 
cancer cell death during cancer therapy[15,74,75]. However, 
enhancement of autophagic flux may also induce tumor 
cell death in some cases such as oncolytic virotherapy[76], 
which contributes to targeting HCC therapy.

It has been proved that multiple signaling pathways 
and some key regulators are involved in cancer drug 
resistance. Notably, the role of autophagy in cancer is 
also controlled by regulatory elements, including proto-
oncogenes (PI3K, AKT, MTOR, RAS, RAF and BCR–ABL), 
tumor suppressors (BECLIN1, TP53, FOXO1 and BCL-2), 
and noncoding RNAs (miRNAs and lncRNAs)[77-82]. These 
autophagy regulatory elements are divided into auto
phagy inducers and inhibitors, according to their func
tions. The existence or over-expression of autophagy 
inducers often results in therapeutic resistance to can
cer therapy, and autophagy inhibitors can overcome 
resistance to anticancer drug therapies. The noncoding 
RNA and autophagy inhibitors are also used to resensitize 
resistant cancer cells to cancer therapy[74]. A study 
reported by Gao et al[83] showed that miR-520b increased 
doxorubicin sensitivity in HCC and inhibited ATG7-
dependent autophagy, suggesting that the miR-520b/
ATG7 pathway is a potential target for chemosensitive 
therapy in HCC.

Sorafenib is currently the only systemic agent with an 
autophagy induction role for the treatment of advanced-
stage HCC, and exerts a significant prolonged overall 
survival rate in HCC patients[84]. However, the appearance 
of intrinsic and acquired resistance to sorafenib remains 
a huge challenge for the prognosis of stage Ⅲ/Ⅳ HCC 
patients, with only approximately 30% responsive to 
sorafenib. The potential underlying mechanism may 
derive from autophagic induction by sorafenib with pro
survival functions[65]. However, a recent randomized, 
multicenter, multinational phase Ⅱ trial found no evi
dence that sorafenib combined with everolimus (a potent 
inhibitor of mTOR) has higher efficacy compared with 
sorafenib alone[85]. A recent study indicated that the 
receptor for advanced glycation end products (RAGE) 
induced HCC proliferation and sorafenib resistance by 
modulating autophagy, and RAGE deficiency contributed 
to sorafenib response by activating the AMPK/mTOR 
signaling pathway, indicating that Rage may be a po
tential target for therapeutic interventions in HCC and 
a biomarker of sorafenib resistance[86]. RAGE ligands, 
such as the high mobility group box 1 (HMGB1), play a 
key role in the proliferation, apoptosis, metastasis and 
angiogenesis of HCC cells, which is similar to the role of 
RAGE in HCC[87,88]. Furthermore, HMGB1 also contributed 
to chemotherapy resistance in multiple tumors, such 
as lung cancer, osteosarcoma and neuroblastoma. 
Especially, in a recent study, a novel potential role of 
HMGB1 in the regulation of sorafenib therapy resistance 
in HCC was suggested, implying the positive association 
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between HMGB1 and sorafenib resistance in HCC[89]. 
Moreover, the cell surface molecule CD24 regulates sora
fenib resistance by activating autophagy in HCC, and 
depletion of CD24 or inhibition of autophagy caused a 
notable increase in sorafenib sensitivity[90]. Thus, the com
bination of autophagy modulation and sorafenib or other 
targeted therapy is a promising therapeutic strategy for 
the treatment of HCC.

CONCLUSION
Autophagy plays a pivotal role in tumorigenesis, meta
stasis, targeted therapy and drug resistance in HCC. 
Autophagy functions as a tumor suppressor by removing 
oxidative stress, maintaining genomic stability and pre
venting uncontrolled inflammation in the early stage of 
HCC. However, when a malignant tumor is established, 
autophagy induction elicits tumor promotion and drug 
tolerance. Thus, targeted drugs to regulate autophagy 
could be a novel therapeutic strategy to suppress HCC 
metastasis and resistance.

Recently, the role of autophagy in immunity has been 
extensively investigated. Autophagy is involved in the 
differentiation, development and activation of multiple im
mune cells, and is also critical in antigen presentation[91]. 
Defective autophagy severely affects T cell proliferation, 
and tumor-associated macrophage differentiation, 
and disturbs the function of terminally differentiated 
lymphocytes, senescent CD8+ T cells and dendritic 
cells[91,92]. Considering that immune cells are crucial in 
HCC development and cancer immunotherapies such as 
chimeric antigen receptor expressing T cells and immune 
checkpoint inhibitors (PD-1, PD-L1), which represent a 
breakthrough in hematological malignancy, autophagy 
may be an excellent candidate target for tumor immuno
therapy. With future investigations on autophagic mecha
nisms in HCC, the combination of an autophagy regulator 
with multiple kinase inhibitors, signal pathway inhibitors, 
immunotherapy and oncolytic virotherapy may exert 
synergic therapeutic efficacy in advanced-stage HCC 
patients. 
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