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Expression profiling analysis of autophagy-related genes in
perineural invasion of cutaneous squamous cell carcinoma
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Abstract. The aim of the present study was to identify the
potential autophagy-related genes and to explore the under-
lying molecular mechanisms involved in cutaneous squamous
cell carcinoma of head and neck (cSCCHN) by bioinfor-
matics analysis. The Gene Expression Omnibus (GEO) series
GSE86544 was downloaded from the GEO database. The
primary data was generated from ¢cSCCHN with clinical
perineural invasion (PNI) and cSCCHN without PNI, and was
further analyzed in order to identify differentially expressed
genes (DEGs). The results revealed 239 autophagy-related
DEGs. Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment analyses were performed
and intersected to investigate the predicted functions of the
key DEGs, including hypoxia-inducible factor la (HIF1A),
mitogen-activated protein kinase 8 (MAPKS), mammalian
target of rapamycin (mTOR) and B-cell lymphoma 2 like 1
(BCL2L1). Up and downregulated genes shared one pathway,
namely ‘pathways in cancer’. Next, the protein-protein inter-
action (PPI) network of the autophagy-related DEGs was
constructed using Cytoscape 3.30 software. HIF1A, MAPKS,
mTOR and BCL2L1 were key nodes in the PPI network.
Additionally, RAB23 gene expression was positively correlated
with HIF1A, MAPKS and ADP ribosylation factor GTPase
activating protein 1 (ARFGAP1), but negatively correlated
with mTOR and BCL2LI1. The present results suggested that
the genes HIF1A, MAPKS8, mTOR, BCL2L1 and RAB23 may
be associated with and serve as potential therapeutic targets in
c¢SCCHN with clinical PNI.
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Introduction

Cutaneous squamous cell carcinoma (cSCC) is the second
most common keratinocyte cancer and accounts for ~30% of
all non-melanoma skin malignant tumors (1,2). The 5-year
recurrence rate and metastasis of primary lesions is 8 and 5%,
respectively. The fatality rate of cSCC metastasis is ~40% (2).
In general, long-term exposure to ultraviolet light is the stron-
gest risk factor, so the most frequent sites of disease are the
sun-exposed regions of head and neck (3). Unless high-risk
features are present, the overwhelming majority of cSCC is
curable with operation, radiotherapy and/or chemotherapy (4).
However, once invasion and metastasis have occurred, the
prognosis is poor.

Increasing evidence has demonstrated that tumorigenesis,
progression, invasion and metastasis of SCC involve several
signal transduction pathways and molecules, including Notch,
Integrin, tumor protein p53 (p53), epidermal growth factor
receptor (EGFR) (5). Recently, researchers have demonstrated
that autophagy might play a pivotal role in the pathogenesis of
c¢SCC (6,7). Autophagy (term here used generally for macro-
autophagy) is a homeostatic mechanism under starvation or
stressful conditions, resulting in the degradation of aggregated
proteins and damaged organelles, and subsequently buffering
metabolic stress by recycling intracellular components (8.,9).
The dysregulation of autophagy is closely related with
various pathological diseases, including cardiomyopathy,
muscular diseases, neurodegenerative disorders, infection and
cancer (10).

In cancer cells, autophagy demonstrates both tumor-promo-
ting and tumor-repressing properties, generally depending
on the cell type and context. During the initiation of cancer,
autophagy may mediate elimination of altered cytosolic
products, such as long-lived proteins or damaged organelles,
preventing cells from further DNA damage, genomic insta-
bility and tumorigenesis (11,12). Once the cancer has formed,
autophagy contributes to tumor development by allowing
tumor cells to survive under starvation or hypoxia condi-
tions (13). Autophagy has a ‘double swords’ role in cSCC, but
there is no definite time threshold for when autophagy may
promote SCC tumorigenesis or suppression, because the initial
time of pathogenesis is usually earlier than that of the clinical
diagnosis. Therefore, the relationship between autophagy and
SCC pathogenesis and progression is complex. Previous studies
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have, however, indicated that autophagy-specific markers
[high expression of Beclin 1 and/or microtubule-associated
protein 1 light chain 3 (LC3), and lower level of p62/sequesto-
some-1] may serve a key role in controlling the tumorigenesis,
progression and lymph-node metastasis of cSCC and may be
prognostic predictors of clinical outcome (6,7,14).

Furthermore, in human squamous cell carcinoma of head
and neck (SCCHN), autophagy-related signaling pathways,
such as phosphoinositide 3-kinase (PI3K)/AKT/mammalian
target of rapamycin (mTOR) or extracellular signal-regulated
kinase (ERK) are activated in some cases. Autophagy also alle-
viates apoptotic cell death in SCCHN. Concomitant inhibition
of AKT and autophagy enhances efficient cisplatin-induced
apoptosis in metastatic cSCC (15-17). During invasion of
¢SCC, epithelial-mesenchymal transition is paralleled by AKT
activation and AKT may serve as a treatment target to prohibit
dissemination of ¢cSCC (18). However, contrary evidence has
suggested that activation of autophagic pathways is associated
with growth inhibition and senescence in metastatic cSCC (19).

Notably, perineural invasion (PNI) is usually defined as
tumor cells invading into the perineural space, well-recog-
nized as one of the high-risk factors of cSCC. The detection
of PNI in ¢SCC indicates an aggressive tumor and predicts a
worse outcome, with higher rates of local recurrence, metas-
tases and poor survival (20). Clinical PNI displays features of
spread along central nerves, based on clinical, radiological or
histological evidence. Compared with incidental PNI, clinical
PNI is associated with a worse prognosis (20) and requires a
more aggressive treatment approach. Furthermore, the 5-year
overall survival rate for clinical PNI in SCC ranges from
56-64% (21,22).

Although accumulating studies have explored the role of
autophagy-related genes in prognosis of this disease, most
of the previous study has been limited to analyzing one or
two genes in cell lines, tissue or animal models. At present,
gene expression analysis provides an efficient method for
processing mass data. For example, the finding of similar
differentially expressed genes (DEGs) in actinic keratosis
(AK) and SCC by Padilla et al (23) and Ra et al (24) confirmed
that AK is a precursor lesion of SCC and signified that both
are closely related genetically. In invasive SCC, gene analysis
results suggested that IL-24 contributed to SCC invasion
through enhancing focal expression of matrix metallopro-
teinase (MMP) 7 (25). In addition, Ephrin type-B receptor 2
(EphB2) knockdown downregulated the gene expression of
MMP1 and MMP13, which are associated with biological
functions such as cell viability, migration and invasion of
tumor cells (26). Warren er al (22) reported that alterations in
the p53 pathway may be important in cSCC of head and neck
(cSCCHN) with clinical PNI, but not in cSCCHN without
PNI (22). However, few analysis results of gene expression
signatures focusing on autophagy in ¢SCC invasion have been
documented. In addition, previous study from our research
group has demonstrated that RAB23 knockdown repressed
cell invasion, while RAB23 overexpression promoted cell
invasion, depending on the GTP-bound form of RAB23 (27).
Therefore, whether RAB23 promotes cSCC invasion may be
directly associated with the autophagy process. However, the
association among RAB23 expression, autophagy and tumor
cells PNI in cSCCHN has not been defined.
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In the present study, expression differences of
autophagy-related genes between cSCCHN and ¢cSCCHN
with clinical PNI were explored. The original data series
GSE86544 was downloaded from Gene Expression
Omnibus (GEO; http://www.ncbi.nlm.nih.gov/geo/). Then
autophagy-related gene expression profiles were screened
within the DEGs between cSCCHN and cSCCHN with clinical
PNI. In addition, a RAB23-related gene regulation network
(http://autophagy-regulation.org/) was obtained. To explore
their biological functions and pathways, the autophagy-related
DEGs were further examined by Gene Ontology (GO) and
pathway enrichment analysis. Next, protein-protein interac-
tion (PPI) networks and sub-networks were constructed and
analyzed. Finally, the relationship among RAB23 expres-
sion, autophagy-related key DEGs and tumor cells PNI
was explored in cSCCHN. Collectively, the present results
demonstrated that a close correlation exists among RAB23,
autophagy and cSCCHN with clinical PNI and that targeting
these autophagy-related genes may be a promising therapeutic
strategy for cSCC.

Materials and methods

Microarray data. The microarray expression profile dataset
GSEB6544, submitted by Warren et al (22) and based on the
GEO Platform10588 Illumina HumanHT-12 V4.0 expres-
sion beadchip (Illumina, Inc., San Diego, CA, USA), was
downloaded from the GEO database (http://www.ncbi.nlm.
nih.gov/geo/). The dataset contained 24 samples, including
9 ¢SCCHN, 7 ¢SCCHN with incidental PNI and 8 cSCCHN
with clinical PNI. In the present study, the cSCCHN with
clinical PNI or without PNI samples were analyzed by
bioinformatics. The dataset was downloaded from the GEO
database on February 2, 2017.

Data preprocessing and analysis of DEGs. The original
microarray data were transformed into expression measures.
Background correction, quartile data normalization and
probe synopsis were performed with GEO2R online,
using the Robust Multi-array Average (RMA) algo-
rithm in the Raffy package (https://www.bioconductor.
org/packages/release/bioc/html/affy.html). To obtain the
P-value, multiple testing corrections were applied with the
Benjamini-Hochberg method. Only those genes exhibiting
log2 fold change (FC) >1.5 and adjusted P<0.05 were consid-
ered to be DEGs. When multiple probes matched to the same
gene, the average expression value of probes was calculated.
Nonspecific probes were filtered.

Autophagy-related genes (https:/www.ncbi.nlm.
nih.gov/gene) were downloaded by using the key words
‘autophagy’ and ‘Homo sapiens’. The 907 autophagy-related
genes were obtained as a symbol gene list, and was compared
with the list of DEGs. The comparison resulted in a list of
239 autophagy-related DEGs. The RAB23-related gene regu-
lation network (http://autophagy-regulation.org/) (28) was also
searched, which is compatible with Cytoscape software.

GO and Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analysis. The Database for Annotation,
Visualization and Integrated Discovery (DAVID 6.8;
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Figure 1. DEG expression illustrated in heat maps. (A) Heat map of DEGs in cSCCHN with clinical PNI compared with cSSCCHN without PNI (top 200 upregu-
lated and downregulated genes). (B) Hierarchical clustering of the expression values of autophagy-related DEGs. DEG, differentially expressed gene; cSCCHN,

cutaneous squamous cell carcinoma of head and neck; PNI, perineural invasion.

https://david.ncifcrf.gov/) consists of a set of functional
annotation tools, which have been developed for linking func-
tional terms with lists of genes by clustering algorithms (29).
To analyze the identified DEGs at the functional level, GO
enrichment analysis was performed to annotate genes or gene
products and identify characteristic biological properties for
genome or transcriptome data using the DAVID online tool.
Additionally, the KEGG pathway database was used for
systematic analysis of gene functions and related pathways.
P<0.05 was considered to indicate a statistically significant
difference.

Hierarchical clustering of DEGs and data visualization. The
series matrix file for GSE86544 was obtained from GEO
DataSets (downloaded on February 2nd, 2017). The Pearson's

correlation coefficient was performed using Cluster 3.0
with average linkage in order to achieve the hierarchical
heatmap (30). Analysis results were visualized employing the
Java TreeView 1.1.6 version (31).

PPI network construction. The Search Tool for the Retrieval
of Interacting Genes (STRING; version 10.0) covers
5,214,234 proteins from 1,133 organisms (32). In the present
study, to evaluate the interactive relationships among DEGs,
the 239 DEGs were mapped to the STRING database, and only
experimentally validated interactions (combined score >0.4)
were selected as significant.

PPI networks were constructed using the Cytoscape 3.3.0
software (http:/www.cytoscape.org/). The degree of connec-
tivity is evident by the number of edges linked to a given
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Figure 2. RAB23 gene expression was positively correlated with (A) HIF1A, (B) MAPKS and (C) ARFGAPI expression, but negatively correlated with
(D) mTOR and (E) BCL2L1 expression. HIF, hypoxia-inducible factor; MAPKS, mitogen-activated protein kinase 8; ARFGAP1, ADP ribosylation factor
GTPase activating protein 1; mTOR, mammalian target of rapamycin; BCL2L1, B-cell lymphoma 2 like 1.

node. The nodes with a high degree are regarded as the key
genes that possess vital biological functions. Then, the degree
of connectivity was analyzed to obtain the key proteins in
the PPI network. The plug-in Molecular Complex Detection
(MCODE) was used to screen the modules of the PPI network
(MCODE scores >30 and number of nodes >4) in Cytoscape.

Statistical analysis. The relationship between RAB23 and
the key genes was analyzed using SPSS 17.0 software (SPSS,
Inc., Chicago, IL, USA). P<0.05 was considered to indicate a
statistically significant difference.

Results

Identification of DEGs. Following data processing, a total of
2,858 DEGs were identified in cSCCHN with clinical PNI,
compared with cSCCHN samples without PNI involvement.
These DEGs contained 921 upregulated and 1,937 down-
regulated genes, and the top 200 up and downregulated
genes were clustered (Fig. 1A). In comparison to DEGs,
239 autophagy-related genes were screened and were also
clustered employing the Series Matrix Files (Fig. 1B).

GO and pathway enrichment analysis. The 239 auto-
phagy-related DEGs were uploaded to the online DAVID
tool in order to identify over-represented GO categories and

KEGG pathways. The results from GO analysis demon-
strated that upregulated DEGs mainly focused in biological
processes (BP), including tumor necrosis factor-mediated
signaling pathway, autophagy, positive regulation of MAP
kinase activity, and ERK1 and ERK?2 cascade. The downregu-
lated DEGs were significantly enriched in autophagy, signal
transduction, macroautophagy and positive regulation of gene
expression (Table I).

By KEGG analysis, the upregulated DEGs of autophagy
mainly focused on cytokine-cytokine receptor interaction,
pathways in cancer, ErbB signaling pathway, hypoxia induc-
ible factor (HIF)-1 signaling pathway and transcriptional
misregulation in cancer. By contrast, the downregulated DEGs
of autophagy distributed in insulin resistance, pathways in
cancer, forkhead box O (FoxO) signaling pathway and insulin
signaling pathway (Table II).

Finally, the intersection of genes from GO and KEGG
pathway analysis was obtained, including as the upregu-
lated genes HIF1A and mitogen-activated protein kinase 8
(MAPKS), and the downregulated genes mammalian target of
rapamycin (mMTOR) and B-cell lymphoma 2 like 1 (BCL2L1).
These genes were considered to be key genes in cSCCHN
with clinical PIN. In addition, as RAB23 gene expression was
positively correlated with HIF1A (P=0.001, r=0.690; Fig. 2A),
MAPKS8 (P=0.007, r=0.583; Fig. 2B) and ADP ribosylation
factor GTPase activating protein 1 (ARFGAP1; P=0.000,
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Figure 3. Heatmap of RAB23 expression and its related genes indicates that RAB23 is positively associated with HIF1IA, MAPKS8 and ARFGAPI expres-
sion, and negatively associated with mTOR and BCL2L1 expression. HIF, hypoxia-inducible factor; MAPKS, mitogen-activated protein kinase 8;
ARFGAPI, ADP ribosylation factor GTPase activating protein 1; mTOR, mammalian target of rapamycin; BCL2L1, B-cell lymphoma 2 like 1; cSCCHN, cutaneous
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Figure 4. Based on the information of 239 autophagy-related genes contained in the STRING database, 171 nodes and 669 edges formed in the protein-protein
interaction network. Red denotes upregulated genes, and green represents downregulated genes.
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Figure 5. A sub-network of key proteins was constructed (degree >=30). The
upregulated proteins include MAPKS, ERBB2, HIF1A, IGF1 and CDKNIA.
The downregulated proteins include MYC, BCL2L1, mTOR, PPARG and
FOXOl. MAPKS, mitogen-activated protein kinase 8; ERBB2, erb-b2
receptor tyrosine kinase 2; HIF, hypoxia-inducible factor; IGF, insulin
growth factor; CDKNIA, cyclin dependent kinase inhibitor 1A; MYC,MYC
proto-oncogene bHLH transcription factor; BCL2L1, B-cell lymphoma 2
like 1; mTOR, mammalian target of rapamycin; PPARG, peroxisome prolif-
erator activated receptor y; FOXOI, Forkhead box O1.

r=0.655; Fig. 2C), but negatively associated with mTOR
(P=0.002,r=-0.748; Fig. 2D) and BCL2L1 (P=0.015, r=-0.528;
Fig. 2E). Hierarchical clustering analysis revealed consistent
results (Fig. 3).

PPI network and module screening. Based on the information
of the 239 autophagy-related genes contained in the STRING
database, 171 nodes and 669 edges formed (Fig. 4). A total of
11 nodes were regarded as key proteins (degree =30) in the PPI
network. This included upregulated genes, such as MAPK8 with
highest node degree 41, followed by erb-b2 receptor tyrosine
kinase 2 (ERBB2) (31), and HIF1A (30), and downregulated
genes, such as tumor necrosis factor (TNF) with highest node
degree 44, followed by MYC(42), BCL2L1 (36), mTOR (34),
and peroxisome proliferator activated receptor v (PPARY) (32).
Modules of PPI network were screened and subnetworks were
constructed (Fig. 5). In addition, a RAB23-related network
predicted that there was a close association among RAB23,
UBC (ubiquitin C) and ARFGAPI based on post-translational
regulation, suggesting a potential regulatory role of RAB23 in
ARFGAPI1 (Fig. 6).

Discussion

Cutaneous squamous cell carcinoma (cSCC) accounts for the
second most common non-melanoma deriving skin cancer
worldwide. Although most of cases can be successfully treated
with surgery, there is a subset of lesions with invasion and
metastasis, resulting in severe morbidity and mortality (1,2,33).
Histopathologically, lesions with thickness >2 mm, poor
differentiation, invasion of the subcutaneous tissue or struc-
tures like vascular and lymphatic, or involvement of nerves
(>0.1 mm in diameter) predict poor prognosis in patients with
¢SCC (22,34,35).
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To date, although many gene expression data of SCCHN
or ¢cSCC have been analyzed by bioinformatics methods, few
reports regarding the role of autophagy-related genes in cSCC
have been recorded (23,36,37).

In view of the variability of ¢cSCC biological behavior,
early identification of high-risk factors for PNI in cSCC is
very important. However, to date, there has not been a gene
signature, especially for autophagy-related genes, that can
efficiently evaluate the degree of PNI in order to provide
improved early intervention treatment.

In the present study, gene expression profile data were
downloaded from the GEO database and analyzed for DEGs
in ¢cSCCHN using bioinformatics analysis, focusing on
autophagy-related genes. A total of 2,858 DEGs were identified
between cSCCHN with clinical PNI and cSCCHN samples,
containing 921 upregulated and 1,937 downregulated genes.
Of these, 239 autophagy-related DEGs (157 upregulated and
82 downregulated) were screened and clustered, employing
series matrix files.

Increasing evidence has demonstrated that co-expressed
genes, with similar expression profiles, frequently participate
in parallel biological process. To better understand the inter-
actions among the autophagy-related DEGs, GO and KEGG
pathway analysis were performed. The GO term analysis
indicated that upregulated DEGs were mainly involved in
TNF-mediated signaling pathway, autophagy, positive regu-
lation of transcription or MAP kinase activity and ERK1/2
cascade. Downregulated DEGs were involved in autophagy,
signal transduction, glycosphingolipid metabolic process,
macroautophagy and positive regulation of gene expression.
This is consistent with the knowledge that defective function
of TNF-mediated signaling pathway and autophagy is partly
responsible for tumor progression and invasion.

Furthermore, by KEGG pathway analysis, the upregulated
autophagy-related DEGs were enriched in cytokine-cytokine
receptor interaction, pathways in cancer, ErbB signaling
pathway, HIF-1 signaling pathway and transcriptional
misregulation in cancer. The enriched KEGG pathways of
the downregulated DEGs consisted of insulin resistance,
pathways in cancer, FoxO signaling pathway and insulin
signaling pathway. Previous studies have demonstrated that
autophagy-related up and downregulated genes in human breast
cancer can predict the survival rate and prognosis of breast
cancer patients (38). Therefore, the key autophagy-related
DEGs identified in the present study, namely HIF1A, MAPKS,
mTOR, BCL2L1 and RAB23, may be involved in cSCCHN
with clinical PNI. Based on the PPI network, the top degree
key proteins were obtained. Among the DEGs, HIF1A
and ERBB2 can be activated by corresponding ligands or
external stimuli signals, further triggering signal transduc-
tion by downstream core member mTOR, or pathways such
as IKKB-mTOR, PI3K-AKT-mTOR or MEK-ERK1/2-mTOR,
and finally downregulate mTOR. Autophagy has the potential
to promote either cell survival or cell death, depending on the
context of different cancers, clinicopathological stages and
post-irradiation status (39). Notably, mTOR is the first key
autophagy-related gene and repressed mTOR may activate the
autophagy process (40). At present, mTOR inhibitors, such as
everolimus or temsirolimus, inhibit cell proliferation of head
and neck cancer cell lines in vitro; however, in some phase I/11
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studies, only a partial response was observed and the curative
effect was variable. Therefore, targeting both PI3K and mTOR
concurrently is hypothesized to be more efficient. Two studies
have demonstrated that NVP-BEZ235 (both a PI3K and mTOR
kinase inhibitor) can induce autophagy in cells, and combina-
tion treatment with autophagy inhibitors, NVP-BEZ235 and
radiation increased cell death (41,42). The autophagy-related
genes MAPKS, ERBB2 and HIF1A were found upregulated
in tumor cells suggesting a constitutive activation of the
autophagy machinery in cSCCHN with clinical PIN. Although
TNF was identified as one of the key genes which exhibit the
highest degree of connectivity, it was not included in the PPI
subnetwork. Other post-transcription regulation mechanisms
may therefore be involved, and this will need to be further
verified in future studies.

The second key gene HIF1A, functions to buffer stressful
response to hypoxia by activating transcription of multiple
genes and to maintain cellular and systemic homeostasis.
Therefore, HIF1A serves a key role in embryonic vascular-
ization, angiogenesis in tumor and pathophysiology process
of ischemic diseases. Hypoxia can activate autophagy in
cancer cells and further induce clearance of p62 protein,
suggesting a role for p62 in the regulation of cell survival
responses (43,44). In the oral squamous cell carcinoma cell
line Tca8113, the HIF1A inhibitor PX-478 downregulated
the expression levels of LC3-II/I and inhibited the autophagy
process (45). Low oxygen levels in SCCHN promote more
invasive phenotypes (46) and correlate with poor local control
after radiation. Blocking EGFR, and hence PI3K-AKT
signaling, led to improved oxygenation. Constitutively active
AKT favors HIF-1-dependent gene transcription, which
modulates angiogenesis, pH, and glucose metabolism. In addi-
tion, other studies have highlighted the role of transcription
factors p53, E2F and HIF1A in regulating the transcription
of autophagy-related genes, including autophagy-related 5
(ATGS5), BCL2-interacting protein 3 (BNIP3), Unc-51 like

autophagy activating kinase 1 (ULKI1), LC3 and DNA
damage-regulated autophagy modulator (DRAM), subse-
quently activating autophagy in cancer cells in response
to hypoxia or chemotherapy (47,48). Furthermore, HIF1A
appears to regulate the expression of MYC in a direct way and
is regarded as the key node in the interactive network.

The third key gene MAPKS, also known as c-Jun
N-terminal kinase (JNK), participates in a wide variety of
biological processes, such as proliferation, differentiation
and transcription regulation. Various cell stimuli can activate
MAPKS, which subsequently targets specific transcription
factors, and finally mediates immediate-early gene expression.
In addition, MAPKS is involved in apoptosis induced by UV
radiation, which is considered to be associated with the signal
pathway of cytochrome c-mediated cell death. Furthermore,
MAPKS8 pathway is indispensable for TNF superfamily 10
(TNFSF)-induced autophagy. Blocking MAPKS8 with
the inhibitor SP600125 effectively reduced degradation
of BCL2LI1 and expression of the autophagy-suppressing
BCL2L1-BECNlcomplex. Knockdown of TNF receptor
associated factor 2 (TRAF2) or receptor interacting
serine/threonine kinase 1 (RIPK1) by small interfering RNA
effectively repressed TNFSF10-induced MAPKS activation
and autophagy levels (49).

RAB-like 3 (RABI3), as a member of the Rab subfamily
of small GTPases, participates in controlling cell prolif-
eration and vesicular trafficking. Recently, Zhang et al (50)
demonstrated that knockdown of RABI3 in lung cancer cells
significantly increased cell death with autophagy induction,
as demonstrated by an elevated level of LC3-II. Interestingly,
RABI3 knockdown was also associated with enhanced activa-
tion of MAPKS/9/10, except for MAPK11/12/13/14. Treatment
withSP600125 (a MAPKS/9/10-specific inhibitor) significantly
abolished RABI3 knockdown-induced LC3-II levels and
autophagic cell death (50). Similar to RABI3, RAB23 is likely
involved in the autophagy process in cSCCHN with clinical
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PNI: Nozawa et al (51) reported that RAB9A and RAB23 were
novel partners of autophagy regulation against group A strep-
tococcus infection. However, the autophagosome-like structure
or autophagosome lacked direct evidence and needs to be
additionally confirmed. Following treatment with 30 mJ/cm?
UVB, wild-type RAB23 promotes the expression of LC3-II
and Beclinl, while knockdown of RAB23 decreases the levels
of LC3-II and Beclin 1 (52). Consistent with this result, the
results of fluorescence microscopy demonstrated that wild-type
RAB23 largely increases the number of autophagosomes (52).
In addition, RAB23 promotes cell proliferation, migration and
invasion in human astrocytoma, possibly through upregulating
Racl activity (53). The present data indicated ARFGAP1
may be an effector of RAB23, which is associated with the
autophagic marker LC3B. Overall, RAB23 is likely to indi-
rectly promote autophagy.

As previously discussed, the anti-apoptotic proteins of
the BCL-2 family negatively regulate the assembly of phago-
phore membrane. BCL-2 and BCL2L1 were proved to inhibit
autophagy by binding Beclin 1 at the BH3 domain site (54,55).
BCL2L1 protein is located at the outer mitochondrial
membrane and functions to regulate the opening of the outer
mitochondrial membrane channel, a kind of voltage-dependent
anion channel (VDAC). VDAC further regulates the mito-
chondrial membrane potential and controls the production of
reactive oxygen species (ROS) and release of cytochrome c,
both of which effectively induce cell apoptosis (56). Knocking
down myeloid cell leukemia sequence-1 (Mcl-1) sensitizes
oral SCC cells to ABT-737 (a BH3 mimetic), which binds to
BCL2L1 but not Mcl-1 (57).

Dysregulation of autophagy contributes to the progres-
sion of cancer. Recently, based on gene expression profiles,
Gu et al (38) reported the predictive value of autophagy for
assessing prognosis of breast cancer. The authors identified
a set of eight autophagy-related genes, including BCL2,
GAPDH and vascular endothelial growth factor A, which
were closely related with overall survival in breast cancer (38).
Further analysis demonstrated that the prognostic value of
the autophagy signature was independent of known clinical
prognostic factors, such as ERBB2 status, lymph node status
and p53 mutation status. The results from the present study
demonstrated that a close correlation may also exist between
autophagy and ¢SCC outcome, and that autophagy-related
genes are promising treatment target for skin cancer.

In short, a total of 239 DEGs were identified between
¢SCCHN with clinical PNI and ¢SCCHN without neural
involvement. Genes such as MAPKS, HIF1A, mTOR, BCL2L1
and RAB23 may be potential therapeutic target genes in
¢SCCHN. Furthermore, RAB23 may promote autophagy in
¢SCC through ARFGAPI in an indirect way.

As far as clinical significance of these target genes is
concerned, several pathway inhibitors have exhibited anti-
tumor activity in vitro or in preclinical models, but this has not
always provided meaningful benefits to patients with SCCHN.
Therefore, agents or drugs that target multiple receptors alone
or in combination with other medicines will likely provide the
most efficient therapeutic effect for patients.

The present study has several limitations, such as
small sample size and lack of experimental verification,
possibly generating false positive results. Therefore, further
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experimental studies with larger sample sizes will be needed
in the future to confirm the results.
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