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Abstract

Background: Oral squamous cell carcinoma (OSCC) is one of the most common cancer types
worldwide. Due to the limited availability of biomarkers and therapeutic targets, OSCC is
the major leading cause of cancer death. Although many studies have shown the role of the
autophagy-related biomarker in cell survival and progression of several cancers, it is unclear
whether the autophagy-related biomarker could be a marker in tumorigenesis and prognosis
in OSCC. The aim of this review was to evaluate the available evidence about the possibly
significant role of autophagy-related genes (ATQ) in tumorigenesis and prognosis in OSCC.
Methods: A systematic review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-analysis statement, and the PICOS question was, “Whether
autophagy genes can be a marker in tumorigenesis and prognosis in oral cancer.” A search
strategy was elaborated to retrieve studies (2018-2023) from various databases, such as PubMed,
Google Scholar, Cochrane Library, and Web of Science. The risk of bias was assessed using the
QUADAS tool in Cochrane Rev-Man software 5.4.

Results: Based on the inclusion and exclusion criteria, three out of 178 studies found through
the search were included in this systematic review. The majority of the studies accurately
demonstrated features of the tumor with a worse prognosis in OSCC that were associated with
an autophagy-related biomarker.

Conclusion: According to the review, investigations indicate that biomarkers related to autophagy
can be used to predict the diagnosis and prognosis of OSCC.
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Background

Cancer is a global health problem and the leading cause of
death worldwide. Of all types of cancer, oral cancer ranks
ninth in terms of incidence and is a major cause of cancer-
related mortality. In 2018, there were roughly 350 000 new
cases of oral cancer, and 170000 fatalities were related
to the disease. In India and Southeast Asia, oral cancer
accounts for approximately 40% of all cancer cases, while
in Western nations, it accounts for only 4% (1). The
important risk factors for oral squamous cell carcinoma
(OSCC) include smoking, chewing tobacco, alcohol
use, poor oral hygiene, and genetic alterations (2). India
has witnessed a surging trend in late diagnosis, where
around 70% of cases are diagnosed only in the advanced
stages, thus lowering the five-year survival rate to 20%
(3). The potential of OSCC to spread and interfere with
upper gastrointestinal and respiratory tract functioning

also results in a low survival rate and a high deformity
rate (4). Despite developments in modern medicine and
diagnostic technology, the five-year survival rate of many
countries across the globe is below 50%. The fact that head
and neck cancers are diverse tumors makes it challenging
to plan a good treatment strategy in many cases (5).
Preventive measures are essential since oral cancer has a
poor prognosis. OSCC has a poor prognosis due to its vast
genetic diversity and variability. The identification and
prediction of malignant progression at an earlier stage of
OSCC will be possible with the improved comprehension
of processes leading to carcinogenesis. Different types
of oral cancers vary greatly in their biological behavior,
clinical course, and treatment responsiveness (6).
Eukaryotic cells are exposed to a wide range of physical,
chemical, and biological stimuli during their lifetimes,
which may cause an imbalance in homeostasis. Cells
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possess an array of internal defensive mechanisms
to fight and adapt to such stress (7). Autophagy is an
adaptive process that keeps cells alive and intact. Double-
membrane structures called autophagosomes are found
intracellularly and hold parts of the cytoplasm and
proteins. In addition, these structures are brought to the
lysosomes, where their contents are degraded (8). Genes
known as autophagy-related genes (ATG) systematically
regulate autophagy. Many of the ATGs, including ULK1,
ATGS, Beclin-1, and ATGI2, play important roles in
autophagosome formation. Certain stimuli, such as
hypoxia, starvation, genotoxicity, oxidative stress, protein
accumulation, and pathogens, can trigger autophagy
to maintain cellular homeostasis (9). Autophagy is
dysregulated in a variety of clinical conditions, such
as infection, aging, neurological disorders, and cancer.
Early in the development of cancer, autophagy in cancer
cells may restrict tumor growth by degrading harmful
chemicals and halting the spread of damage, including
alterations to DNA (10). On the other hand, autophagy
is a promoter in the tumor process, particularly at
advanced stages of tumor development, because it can
sustain tumor viability under adverse situations. Hence,
autophagy in cancer cells is referred to as a “double-
edged sword”. Apart from its function in developing
tumors, autophagy also plays a crucial part in resistance
to many types of therapies, presenting a serious obstacle
to effective treatment (11). According to previous studies,
Cancer Genome Atlas (TCGA) HNSCC cohort analysis
revealed a potential correlation between reduced overall
survival (OS) and greater autophagic activity. Specifically,
the high mRNA expression of ATG5 or Beclin-1 (BECN1)
is linked to a lower chance of surviving (12). As a result,
research on autophagy has gained popularity in the field
of OSCC. Thus, this study seeks to evaluate the existing
evidence confirming that ATGs could be a marker in
tumorigenesis and prognosis in OSCC.

Methods

Study Design

The Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) checklist was used as the
reporting guide for conducting this systematic review.

Research Question and Outcome

The acronym PICOS was utilized to structure the research

question as follows:
Can autophagy genes be a marker in tumorigenesis and
prognosis in oral cancer?

P (patients) = Individuals diagnosed with oral cancer

I (Intervention) = Autophagy-related biomarker

C (comparator) = No autophagy-related biomarker

O (outcomes) = Prognosis of the tumor

S (study design) = Studies on humans

Search Strategy
A search of many databases, including PubMed, PubMed

Central, ScienceDirect, and the Cochrane Library,
was conducted electronically by two independent
investigators. A tailored keyword search was performed
on each database. The MeSH/keywords included
(Mouth Neoplasm) OR (Neoplasms, Oral) OR (Cancer
of Mouth) OR (Mouth Cancers) OR (Mouth Cancer)
OR (Autophagocytosis biomarker) OR (Reticulophagy
biomarker) OR (ER Phagy biomarker) OR (Nucleophagy
biomarker) OR (Ribophagy biomarker) AND (Lipophagy
biomarker) AND (Rate, Survival) OR (Survival Rates)
OR (Mean Survival Time) OR (Time, Mean Survival) OR
(Cumulative Survival Rate).

Inclusion and Exclusion Criteria

The studies that met eligibility requirements had to assess
the prognostic validity of a biomarker associated with
autophagy in oral cancer. Studies that were selected for
review included articles that were published in English
and provided sufficient information to enable prognosis
and the survival rate estimate, research published in
the last five years (2018-2023), and studies of different
designs (e.g., cohort, case-control, cross-sectional, and
prospective/retrospective studies). On the other hand,
articles published before January 2018, publications
without primary results, review articles, letters to the
editor, studies conducted on cell lines and animals, and
non-accessible full-text versions were excluded from the
review.

Results

Data Extraction

The research involved participants with OSCC. Study
characteristics included the name of the author, year of
publication, study design, sample size, participant baseline
demographics (age and gender), sample distribution,
sample collection methodology, autophagy biomarker
studied, autophagy biomarker evaluation methodology,
and clinical outcomes such as OS, disease-free survival,
and progression-free survival. The computer program
Review Manager 5.4.1 (RevMan) was used for evaluation.

Literature Evaluation
Overall, 178 studies were found in the search. After
screening 59 records for titles and abstracts, 119 articles
were eliminated, along with 17 studies that failed to
meet the inclusion criteria. Five studies were chosen
for the assessment of the entire text. Following the
entire manuscript evaluation, unpublished articles were
eliminated, and three papers were added to the systematic
review. Figure 1 illustrates the PRISMA flowchart related
to selection processes.

Three studies were included and extensively reviewed
in this systematic review (Table 1). Figure 2 shows the
distribution of samples in the included studies.

Quality Assessment of Studies
According to selection criteria, the search method
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Figure 1. PRISMA Flow Diagram. Note. PRISMA: The Preferred Reporting Items for Systematic Reviews and Meta-analysis
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Figure 2. Sample Distribution of the Included Studies
Table 1. Characteristics of the Included Studies

Author, Year Methodology Evaluation of

of Publication, Sample Distribution Sample Inflammatory  Results Inferences

and Journal Collection Biomarkers
@l i it el 16 MAP1LC3B was assoct'ated with Co-expression of higher
BMSCC. 244 TSCC. and 73 a poor prognosis only in TSCC. MAPTLC3B and

Liu et al (13) i ! ) SQSTM1 was associated with poor  SQSTM1 demonstrated a

} LSCC patients. Tissue MAPTLC3B and . T ) o

2018, ) Clin . . differentiation in three subsites, significantly worse
Group 2: Corresponding tumor-  biopsy-IHC ~ SQSTM1 . - . : i .

Med . . while the association with lymph  disease-specific survival (DSS)
adjacent normal tissues at three . . . ) )
subsites of oral SCC node invasion was only observed  and disease-free survival (DFS) in

in BMSCC. patients with BMSCC and LSCC.
Group 1: 186 patients with Positive rates of VM, ALDHT, The expression of ALDHT,

Wang et al (14) OSCC ALDHT, and Beclin1 were significantly Beclin1, and p16 represents

Int) Clin Exp Group 2: Corresponding Tissue biopsy Beclin1, and higher, while levels of p16 were promising markers for metastasis

Pathol.2018 adjacent normal tissues in all p16 significantly lower in OSCC than in and prognosis, and potential
186 patients normal oral tissues. therapeutic targets for OSCC.
Group 1: Tissue microarray High co-expression levels of
comprising spec.xmens'from 428 ATG4B and phospho-Ser3§3/392- ATEAS i o e e e s

Liu etal (15) OSCC patients, including 179 s sy ATG4B and ATG4B were associated with L o o5

! BMSCC and 249 TSCC patients. i phosphorylated  poor DFS only in TSCC patients,

2019,Cancers IHC

Group 2: Corresponding tumor-
adjacent normal tissues at two
subsites of OSCC

ATG4B proteins

and a potential therapeutic target

whereas they had no significant o SO [eTai,

association with DSS in BMSCC
and TSCC patients.

Note. SCC: Squamous cell carcinoma; OSCC: Oral squamous cell carcinoma; BMSCC: Buccal mucosal squamous cell carcinoma; TSCC: Tongue squamous cell
carcinoma; LSCC: Lung squamous cell carcinoma; IHC: Immunohistochemistry; VM: Vasculogenic mimicry.

produced three articles, whose quality was then evaluated
using the QUADAS tool 2. Four categories comprise the
quality assessment of research on diagnostic accuracy,
including patient sampling, index test, reference standard,
and flow and timing. There are two to four questions in
each of these domains, and the responses are “yes”, “no”,
or “unclear”. The above data were entered into the Review

Manager 5.4.1 software, which produced a color-coded
chart showing the danger of bias and applicability issues.

Risk of Bias and Applicability Concerns
Studies performed by Liu et al (13) and Liu et al (15) had
a high risk of bias, whereas those conducted by Wang et al
(14) had a low risk of bias (Figure 3A-B).
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Figure 3. (A-B) Risk of Bias and Applicability Concern Graph: Review Authors’ Judgements About Each Domain Presented as Percentages Across the Included

Studies

Discussion

Over 275000 individuals worldwide are affected by
OSCC, the most prevalent type of oral cancer. Due to the
aggressive nature of OSCC, most patients expire within
three to five years after being diagnosed (16). Even though
OSCC is caused by aberrant migration and development
of oral epithelial cells, the carcinoma microenvironment
is formed by immune cells and fibroblasts (17). The
significance of studying the tumor microenvironment
has increased over the last ten years. Autophagy is a new
cellular microenvironment in OSCC, which is present in
all living things from yeasts to mammals and encourages
the breakdown of intracellular waste products such as
macromolecules and organelles in order to preserve
cell homeostasis (18). All cells have a basic autophagic
tone, but in response to a specific stress, autophagy is
upregulated to repair the damage. When there is no stress,
autophagy operates at low levels to break down damaged
cell components and recycle nutrients to keep the cell in
an energetic condition (19). Various studies proved that
there is a connection between autophagy and certain
cancer hallmarks. For example, although autophagy and
apoptosis are typically considered antagonistic processes,
they can cooperate to induce cell death in specific biological
contexts. ATGs are the proteins involved in autophagy
(20). ATGS, sometimes referred to as MAP1LC3 (or
simply LC3), is a crucial component of the autophagy
process. ATG proteins have a pivotal role in the various
phases of autophagosome production and are necessary
for the biogenesis of the autophagosome. Autophagy has
been demonstrated to be triggered by tumor-suppressor
genes that activate anti-tumor signalling pathways,
including PTEN, TSC1/2, LKB1, and p53. The role of
autophagy in OSCC highlights the potential for autophagy
gene-targeted treatments to regulate this challenging
disease (21). Hence, the researchers of this study have
systematically reviewed the current literature to verify

the existing evidence about the ATG’s possible role in
the progression and prognosis of OSCC. Liu et al (13)
evaluated the role of the autophagy marker microtubule-
associated protein light chain 3B (MAP1LC3B) and the
adaptor sequestosome 1 (SQSTMI1) in OSCC, which
are widely used proteins for evaluating autophagy in
tumor tissues. They used the tissue microarray method
to study 498 OSCC patients. According to this study,
in three subsites (BMSCC, TSCC, and LSCC), the
expression levels of SQSTM1 and MAPILC3B were
higher in tumor tissues than in nearby normal tissues.
They also discovered that silencing MAP1LC3B and
SQSTM1 reduced autophagy, cell proliferation, and
invasion and made BMSCC cells more susceptible to
paclitaxel treatment. High expression of MAPI1LC3B
and SQSTM1 was further associated with poor survival,
with shorter disease-specific survival and disease-free
survival, especially in BMSCC and LSCC patients but not
in those with TSCC patients. The results revealed that
MAPILC3B and SQSTM1 may influence autophagy for
tumor development. In BMSCC cells, the suppression of
these genes decreased autophagy, cell proliferation, and
chemoresistance in a manner similar to treatment with
an autophagy inhibitor. The results further demonstrated
that autophagy may stimulate tumor growth at specific
oral cancer subsites, especially in BMSCC. Yichao Wang
et al examined the metastatic and prognostic significance
of p16, ALDH1, Beclinl, and vasculogenic mimicry (VM)
in OSCC. VM, ALDH]I, Beclinl, and p16 were identified
using immunohistochemical and histochemical staining
in 186 complete OSCC specimens. Additionally, the
results showed that p16 levels were significantly lower in
OSCC than in normal oral tissues and that positive rates
of VM, ALDH], and Beclinl were significantly higher.
These findings are related to tumor grade, primary
tumor (pT), lymph node metastasis (LNM), and tumor-
node-metastasis (TNM) stages and represent an inverse
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relationship with patients’ OS time. The primary tumor,
LNM, TNM stage, and tumor grade were all strongly
correlated with Beclinl expression. Based on the findings,
it was determined that Beclinl overexpression should be
significant for OSCC invasion, metastasis, and prognosis
(14). Liu et al analyzed the clinical significance of ATG4B
and phospho-Ser383/392-ATG4B for OSCC, namely, in
buccal mucosal SCC (BMSCC) and tongue SCC (TSCC).
Using a tissue microarray that included samples from 428
OSCC patients (179 BMSCC and 249 TSCC patients),
they discovered that the tumor tissues of BMSCC and
TSCC had higher amounts of the ATG4B protein than
the surrounding normal tissues. Patients with OSCC
who had high protein levels of ATG4B had considerably
lower disease-specific survival, especially if their tumors
were at an advanced stage. Their findings indicated that
ATGA4B might be a useful biomarker for TSCC diagnosis
or prognosis. However, ATG4B knockdown dramatically
reduced the proliferation, migration, and invasion of oral
cancer cells, indicating that ATG4B may be a target for
future oral cancer treatments (15).

Conclusion

This review unraveled the relationship between autophagy
and OSCC and analyzed the prognostic reliability of ATGs
in OSCC. Comprehensive studies on OSCC explored the
exact roles of autophagy, and studies with long-term
follow-ups from OSCC initiation to tumor formation and
malignant progression evaluated the prognostic reliability
of autophagy-related markers in OSCC. The role of
autophagy in the progression of oral cancers still requires
extensive research. Further research in this field would
bring forth several new methods of cancer prevention and
treatment.

Limitations and Future Scope

One of the study’s limitations was the small sample size,
which was due to a limited number of studies available in
the literature. Future modifications could include studies
that identify novel target autophagy-related biomarkers
with long-term follow-ups and assess the prognostic value
and five-year survival rate in OSCC.
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