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Autophagy plays an important role in cellular homeostasis and survival for cell recycling and various 
stresses within the cell. Recent studies have shown that autophagy activity modulates the expression 
of oncogene and tumor suppressor genes, leading to the development or suppression of cancer. 
Induction of autophagy is involved in preventing cancer development in normal cells and plays an 
important role in prompting a specific cell death mechanism in cancer cells with damaged cell death 
function. It is also known that autophagy inhibition increases the therapeutic efficacy by sensitizing 
cancer cells that are resistant to chemotherapy. However, the role of autophagy has not yet been fully 
understood in cancer treatment. Oral squamous cell carcinoma accounts for more than 90% of oral 
cancer and is the sixth most common cancer in the world. The incidence of oral cancer has increased 
by 50% over the last 20 years and the mortality rate is over 40% within 5 years after the onset. In 
oral cancers, the role of autophagy are described to look for tumor inhibitory in the early stages of 
tumor formation, like other cancers, indicating the dual functions involved in tumor cell survival in-
clude tumor progression stages. This review summarizes the various roles of autophagy in cancer cells 
and suggests the possibility of autophagy as a promising target for effective oral cancer therapy.

Key words : Autophagy, cancer therapy, oral squamous cell carcinoma

*Corresponding author

*Tel : +82-33-738-7683, Fax : +82-33-738-7683

*E-mail : jung0724@sangji.ac.kr

This is an Open-Access article distributed under the terms of   

the Creative Commons Attribution Non-Commercial License 

(http://creativecommons.org/licenses/by-nc/3.0) which permits 

unrestricted non-commercial use, distribution, and reproduction 

in any medium, provided the original work is properly cited.

ISSN (Print) 1225-9918
ISSN (Online) 2287-3406

Journal of Life Science 2017 Vol. 27. No. 8. 958~964 DOI : https://doi.org/10.5352/JLS.2017.27.8.958

Introduction

In 1963, de Duve presented the term autophagy, which 

is derived from the Greek words ‘auto’ and ‘phagy’ sense 

‘self’ and ‘eating’, to describe the happening of obvious in-

tracellular, membranous vesicles that included degraded cy-

toplasmic material [44]. Autophagy has been shown to play 

an important role in maintaining homeostasis and cellular 

integrity in normal cells. In addition to these physiological 

conditions, it has been found to be involved in a variety 

of pathological manners, and there is a growing interest in 

its role as an important regulator in the growth and treat-

ment of malignant tumors [36, 44]. Autophagy is a self-di-

gestive progression that confirms the lysosomal degradation 

of superfluous or damaged organelles and misfolded pro-

teins [22]. Depending on the pathway to the lysosomes, three 

different autophagy types are well-defined: microautophagy, 

chaperone-mediated autophagy and macroautophagy [29]. 

This review specially focuses on macroautophagy, which is 

henceforth simply named autophagy. Autophagy begins 

with the formation of double membrane vesicles, known as 

autophagosomes, which surround cytoplasmic components. 

The autophagosomes then merge with lysosomes where the 

isolated contents experience degradation and recycling [11]. 

Many studies on the cellular biologic mechanisms of autoph-

agy in recent decades have been implicated in both human 

health and disease. Autophagy is significant for the elimi-

nation of damaged or long-lived proteins and organelles in 

all cells. Autophagy defects are related with susceptibility 

to genomic damage, metabolic stress, and tumorigenesis in 

mice demonstrating a role for autophagy in tumor sup-

pression [32]. This deficiency of autophagy is known to play 

an important role in the pathology of many diseases. For 

example, autophagy dysregulation is associated with the de-

velopment of a variety of diseases, including degenerative 

brain diseases such as Parkinson's disease or Alzheimer's 

disease, congenital muscular disorders such as pemphigus, 

congenital heart disease and various types of cancer [23, 30]. 

However, the role of autophagy in cancer is more complex, 

sometimes leading to cancer and in others it seems to inhibit 

cancer. Several results suggest that autophagy may act as 

a tumor suppressor in the early stage of tumor development, 

but it may contribute to the survival of the tumor if the cell 
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Table 1. Comparison of autophagy and apoptosis among programmed cell death

Autophagy Apoptosis

Nucleus

morphology

Fractional chromatin condensation

Nucleus undamaged until late stages

No DNA laddering

Chromatin condensation

Nuclear fragmentation

DNA laddering

Detection

methods

Research of augmented lysosomal activity

Research of increased long-lived protein degradation

Research of amplified cytoplasmic sequestration

Finding of LC3 mobilization to autophagy membranes

Nuclear/cellular fragmentation detection

DNA laddering detection

Increased in sub G1 content measured FACS analysis

Annexin-V staining

becomes malignant and developed. Hormone therapy, che-

motherapy, and radiation therapy, which are used in the 

treatment of cancer, often cause autophagy, which acts as 

a survival response and contributes to depressing the poten-

tial cancer cure rate [18, 24]. In contrast, there is also an 

observation that cancer cells that are resistant to apoptosis 

will be able to suggest a new anti-cancer strategy through 

overexpression of autophagy. Thus, it is the major problem 

to decide how best to use autophagy to maximize the effect 

of cancer treatment due to the role of contradictory autoph-

agy in the development and treatment of cancer.

Oral cancer incidence has been reported to account for 

2-5% of all malignant tumors that occur in the human, and 

2-3% of all cancer deaths are caused by oral cancer mortality 

[20]. The most common type of oral cancer is oral squamous 

cell carcinoma (OSCC), which accounts for about 80-90% 

[27]. Treatment of oral malignancies includes surgical re-

section, radiotherapy and chemotherapy, and immunother-

apy. For progressive carcinoma, combined therapy with sur-

gery and radiation therapy or chemotherapy is being per-

formed to increase the survival rate [19]. The 5-year survival 

rate of oral cancer is upgraded by the study and develop-

ment of the treatment, and the survival rate is increased 

when the disease is found early and treated properly [19]. 

For this reason, basic research data are urgently required 

for the early detection and early treatment of oral cancer, 

and the better quality of life of the patient.

In this review, we describe autophagy's newest findings 

and express how autophagy behaves in the process of cancer 

development and growth. In particular, we will discuss the 

possibility of autophagy as an alternative to new cancer ther-

apy in situations of oral cancer treatment.

Comparison of programmed cell death

Based on the morphology of cell death by Clarke, 4 types 

of cell death have been suggested, and so far programmed 

cell death has been studied in detail [14, 9]. The first type, 

known as type I or apoptosis, is known to be regulated by 

the caspase family due to the formation of so-called apop-

totic bodies, which characterize cell types such as cell shrink-

age, chromatin condensation, nucleosomal DNA degrada-

tion and fragmentation. The second type, called type II or 

autophagic cell death is characterized by the formation of 

an autophagic vesicle in the cell and degradation of intra-

cellular macromolecule similar to the lysosomal system. 

When autophagosome formation is stimulated, some chro-

matin condensation appears similar to apoptosis, but it is 

established as autophagy, which means self-eating by induc-

ing apoptosis without detecting DNA fragmentation (Table 

1). The third type is type III, which is defined as non-

lysosomal vesiculate degradation. Type III programmed cell 

death is known as type IIIA and type IIIB, and is classified 

into nonlysosomal degradation and cytoplasmic type of de-

generation [9]. Methods for evaluating type II or autophagic 

cell death systems have been developed, including micro-

scopic observation of cell morphology, degradation assay for 

long-lived proteins, and monodansylcadaverine [14].

The process of autophagy

Previously known apoptosis, necrosis only deals with the 

death of whole cells, but autophagy is a new type of pro-

grammed cell death which is related to the death and re-

generation of intracellular organelles such as mitochondria 

and endoplasmic reticulum. In other words, it has been 

thought that the intracellular organelles in the human are 

maintained in a static state at normal periods, but it has been 

revealed that the intracellular organelles constantly die and 

regenerate even when the cells are kept static. Through this 

procedure, the old and degenerated intracellular organelles 

are eliminated and become a necessary nutrient source to 
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Fig. 1. Five stages in the formation of autolysosome during autophagy.

regenerate new intracellular organelles, thus forming a cycle 

in which new cells are regenerated [39]. Some of the cyto-

plasm, including organelles, is surrounded by a phagophore 

or isolation membrane to arrange an autophagosome. The 

external membrane of the autophagosome consequently 

melts with the lysosome, and the internal material is de-

graded in the autolysosome. Amino acids and other small 

molecules formed through autophagy degradation are re-

cycled back to the cytoplasm or used for energy production 

[30, 45]. Hence, autophagy is a complex process, which can 

be divided into five stages: initiation, elongation, closure, 

maturation, and degradation (Fig. 1). At each stage, several 

autophagy-related genes (ATGs) are closely coordinated [18, 

30]. More than 35 ATGs regulating various processes in au-

tophagosome formation were found on yeast genetic screens 

[18]. ATGs were originally found in yeast, but almost ATGs 

now have heterologous homologous genes in mammalian 

cells. In fact, since autophagy is activated for cell survival, 

it is likely to increase tumor cell survival in many cases and 

stimulate tumorigenesis. In many other cases, however, a 

strong death signal that transcends this survival advantage 

kills the tumor cells and eventually inhibits the tumor. From 

an objective point of view, it is reasonable to assume that 

autophagy is in the process of cell death but not directly 

contributing to cell death [37]. Although autophagy does not 

make cell death by itself, there is a sight that autophagy 

promotes cell death as a necessary process in situations 

where it is associated with signals that induce other cell 

deaths.

Autophagy as a therapeutic target in cancer

In cancer, autophagy has a diversity of functions, includ-

ing the removal of unnecessary substances and the supply 

of nutrients, depending on the genotype and stage of the 

cancer [7, 37, 43, 45]. The understanding of the diversity of 

autophagy under these conditions is very significant in the 

development of cancer drugs. Increasing the activity of au-

tophagy may lead to cancer suppression. Autophagy plays 

an important role in maintaining the genetic stability by pre-

venting the transformation of normal cells into cancer cells, 

inhibiting the development of cancer, and removing the 

damaged cellular organelles so as not to generate active oxy-

gen [12]. On the other hand, recent studies have shown that 

the activity of autophagy is regulated by the expression of 

oncogene and tumor suppressor genes and cancer is either 

developed or inhibited (Table 2). In particular, the mamma-

lian target of rapamycin (mTOR) kinase, which is known 

to be an autophagy inhibitor in human cells, inhibits the 

activity of autophagy by maintaining hyperphosphorylation 

in the protein necessary for the initiation of the autophagic 

cascade [13]. Conversely, mTOR expression was suppressed 

in stress conditions such as nutrient insufficiency and au-

tophagy activity was reported to increase. NF-1, PI3K, and 

Ras have been known as oncogenes that regulate the ex-

pression of these mTORs. Although Ras inhibits autophagy 

as a signal transducer in the RTK-mTOR pathway, neuro-

fibromin-1 (NF-1), an antagonist of Ras, is predictable to in-

crease the autophagy by inhibiting the RTK-mTOR pathway, 

but a clear mechanism has been described not [38]. Bec-1 

as a tumor suppressor is a major modulator of autophagy, 

suggesting that when the expression of Bec-1 is promoted, 

smARF regulates p53 and activates autophagy independent 

of the RTK-mTOR pathway [25, 26, 34, 42]. Therefore, it can 

be summarized that oncogene and tumor suppressor control 

autophagy by several signaling. It is proposed that autoph-
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Table 2. Patterns of autophagy directive by oncogenes and tumor suppressor genes

Oncogenes Join to autophagy Relation to tumor formation

PI3K
mTOR activating kinase Gain-of-function mutations or augmentations of 

PI3K are public to several human cancers

NF1
Ras antagonist, negatively controls the RTK-mTOR 

pathway

Functional loss mutations result in type I 

neurofibromatosis.

Ras RTK-mTOR pathway signal converter Overexpressed in most human cancers

Akt1
Structurally active Akt1 functions as an autophagy 

inhibitor in vitro and in vivo

Gain-of-function mutations or augmentations 

shown in high fractions of human cancers

Tumor suppressor

genes
Join to autophagy Relation to tumor formation

p53
Cellular p53 exerts tonic inhibition of autophagy

Nuclear p53 transactivates autophagy-stimulating factors

Mutations in more than 50% of all human 

tumors

Bec-1 Crucial modulator of autophagy
Brain tumors are characterized by decreased 

expression of Bec-1

smARF
By releasing Bex-1 as a Bcl-XL mediated inhibition, it 

probably promotes autophagy independent of p53

Mutated or missing in various types of human 

cancer

agy may be an attractive scheme for future cancer treatment 

approach by studying inhibitor or activator for gene and 

protein expression and signaling.

Since the mechanism and function of autophagy asso-

ciated with cancer is caused by an inclusive variety of path-

ways, the possibility of developing an anticancer drug tar-

geting autophagy is considered to be unlimited. Autophagy 

is mainly activated in hypoxia and stress states of cancer. 

Consequently, it is expected that the use in combination with 

various anticancer agents and autophagy activating sub-

stances will further maximize the therapeutic effect [11, 17]. 

In addition, the use of an inhibitor for the regulator inhibit-

ing the autophagy system described above may be useful 

for the development of various anticancer adjuvants. 

Inhibition of cancer cell growth in chronic myelogenous leu-

kemia cells caused by the combination of 3-methyladenine 

(3-MA), a known inhibitor of class III phosphoinositide 

3-kinase (PI3K), and suberoylanilide hydroxamic acid 

(SAHA), a known histone deacetylase inhibitor, has been tes-

tified [6]. According to other studies, autophagy was in-

hibited in cancer cells showing resistance to radiation [3]. 

The effect of autophagy-activating substances on radiation 

tolerant cancer is expected to inhibit tolerance.

Autophagy in oral squamous cell carcinoma

The oral cancer is one among the common malignancies 

in numerous parts of the world. Around 90% of these diag-

nosed cases are OSCC [1]. OSCC results due to a compli-

cated interaction between several environmental and genetic 

factors and is thus a complex multistage course [35]. Even 

though abundant has been found about autophagy and its 

role in several carcinomas, not much has been found about 

the portion it plays in OSCC.

A current immunohistochemical study of 195 oral squ-

amous cell cancers revealed higher levels of cytoplasmic p62, 

suggesting damaged autophagy, and its correlation with re-

duced general and disease specific survival [10]. A high level 

of autophagy-related protein light chain 3 (LC3)-II was 

found in these patients, suggesting augmented basal levels 

of autophagy may be associated to autophagy re-activation 

in later advanced stage cancers. This has been revealed in 

other cancers such as melanoma and backs the concept of 

an autophagy contradiction [10]. Tumors of the head and 

neck are highly heterogeneous cancers with variable genetic 

mutations contribute toward tumorigenesis [21]. However, 

some consistencies in somatic aberrations have been shown 

by well-known genomic sequencing [5]. Some of these aber-

rations are in processes which are identified to play an im-

portant role in autophagy. Phosphoinositide-3-kinase, cata-

lytic, alpha polypeptide (PIK3CA) gene is generally mutated 

in head and neck cancers and stimulation of PI3K and down-

stream effectors have been found to promote autophagy [5]. 

It has been also demonstrated that despite the absence 

of cytotoxicity, oral cancer cells experience inhibited pro-

liferation following Porphyromonas gingivalis (P. gingivalis) 
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infection, compared to non-infected control cells [8]. P. gingi-

valis, a main etiologic micro-organism of chronic perio-

dontitis, settles inside the tumor microenvironment of pa-

tients with oral cancer. Apoptosis could not explain inhibited 

proliferation in infected cells as only some of cells had the 

sub-G1 DNA content expressive of apoptosis. Conversely, 

P. gingivalis induced significant accumulation of oral cancer 

cells in the G1 phase with a reduction in S phase [8]. This 

phenomenon is in contrast to the continuous growth that 

appears in non-infected cells. In the blockade of autophagy 

pathway via 3-MA, P. gingivalis failed to suppress the cell 

cycle or arrest the cell cycle in the G1 phase. This suggests 

that P. gingivalis induced cell proliferation by inducing au-

tophagy and disrupting the cell cycle [8]. Recent studies 

have shown that 2'-benzoyloxycinnamaldehyde(BCA) in-

duces apoptosis and autophagy in p53 null cells, human 

Oral Squamous Carcinoma YD-10B cells, and inhibits cell 

proliferation [15]. Previous studies have revealed that au-

tophagy promotes apoptosis leading to cell death, while au-

tophagy inhibits apoptosis and is involved in cell survival 

[28]. In another study, p53 mutation and c-myc amplification 

were observed in OSCC [33]. Various cells have been re-

ported that have been exposed to have mutations in p53 and 

caspases to enhance resistance to apoptotic stress and a mul-

ti-targeting strategy against tumor cells [40, 41, 46]. This sug-

gests that the opportunity for cancer treatment will increase. 

Most cancers that are resistant to chemotherapy, including 

specific oral cancers, have demonstrated autophagy to avoid 

cell death. The system of autophagy and apoptosis is in-

versely related, but their molecular association is much more 

complex and requires further evaluation [16, 31]. Some stud-

ies have used agents other than 3-MA to encourage apopto-

sis directly or indirectly by inhibiting cellular autophagy. Bai 

et al. used G15, an antagonist to G protein-coupled receptor 

30 (GPR30), a recognized cancer cell proliferator to induce 

apoptosis in OSCC [4]. Apicidin, a histone deacetylase in-

hibitor, was used to initiate apoptosis in OSCC cells [2]. 

Autophagy slows down and interferes with the develop-

ment of various therapies to reduce and eliminate cancerous 

tumors. Lymphocyte-induced autophagy has been shown to 

help survival of cancer cells [1]. Autophagy is induced by 

radiation therapy to a large amount beyond the limits of 

carcinoma cells, leading to autophagy-mediated cell death. 

Therefore recognizing the molecules mediating autophagy 

may help as therapeutic agents by either directly or in-

directly inducing apoptosis in chemotherapy resistant can-

cers cells containing oral cancer.

Conclusions

Autophagy is a programmed cell death type II, known 

as self-eating, which induces cell death by forming an au-

to-phagosome within a cell. Generally autophagy action is 

tumor suppression and tumor formation, which reports dual 

function. The role of tumor suppression is to remove the 

damaged mitochondria by several factors, thereby alleviat-

ing oxidative stress or eliminating various risk factors and 

suppressing the cancerous phenomenon. However, most tu-

mor cells are known to undergo tumorigenesis by activating 

autophagy as a mechanism for survival in conditions such 

as limited nutrition, hypoxia and radiation exposure. Recent 

studies have stated that autophagy inhibitors have been 

used in combination with anticancer drugs to stimulate 

apoptosis and improve the therapeutic effect. However, the 

molecular mechanism for the regulation and role of autoph-

agy in tumors has not been fully revealed. Furthermore, the 

autophagy inhibition may be more involved in the survival 

of tumor cells, so more vigorous research is required in the 

future.
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Autophagy는 세포 내에서 세포의 재활용과 다양한 스트레스에 세포 homeostasis와 survival에 중요한 역할을 

한다. 최근 연구에서는 autophagy 활성이 oncogenes과 tumor suppressor genes의 발현이 조절됨으로써 암이 발

달되거나 억제됨이 보고되고 있다. Autophagy의 유도는 정상세포에서는 암 발생을 예방하는데 관여하며, 손상된 

세포사멸 기능을 가진 암세포에서는 특정세포사멸기전을 유발하는데 중요한 역할을 한다. 또한 autophagy 억제

는 항암약물과 치료법에 저항을 나타내는 암세포를 민감하게 만들어 치료효능을 증가시킨다고 증명되고 있다. 

그러나 cancer 치료에서의 autophagy의 역할은 아직까지 완전히 이해되지 않았다. Oral squamous cell carcinoma 

(OSCC)는 구강암의 90% 이상을 차지하고 있으며, 전세계적으로 6th 가장 흔한 암중의 하나로, 최근 2배 이상 증

가하고 있으며 높은 mortality rate를 보이고 있다. 구강암에서의 autophagy의 역할은 다른 암들과 마찬가지로 

종양형성의 초기 단계 동안 종양억제성을 보이나, 종양진행 동안은 종양세포 생존에 관여하는 두 가지의 기능을 

나타내는 것으로 보고되고 있다. 본 리뷰에서는, 암에서의 autophagy의 조절에 대한 다양한 역할을 요약하고, 이

를 바탕으로 효과적인 암 치료를 위한 유망한 target으로 autophagy의 가능성을 제시하고자 한다.
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