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ARTICLE INFO ABSTRACT

Keywords: Objective: To investigate the genetic and epigenetic differences between human papillomavirus (HPV)-positive
Human papillomavirus oropharyngeal squamous cell carcinoma (OPSCC) and HPV-negative OPSCC.

Oropharyngeal squamous cell carcinoma Methods: Microarray data of HPV-positive and -negative OPSCC were retrieved from NCBI GEO datasets.
Genes

Differentially expressed genes (DEGs) and differentially expressed miRNAs (DE-miRNAs) were identified by
performing differential expression analysis. A functional enrichment analysis was performed to explore the
biological processes and signaling pathways that DEGs and DE-miRNAs were involved in, respectively. A pro-
tein-protein interaction (PPI) network of DEGs was constructed to identify hub genes. miRNA-target network and
miRNA-miRNA functional synergistic network were each constructed in order to identify risk-marker miRNAs.
An miRNA-target-pathway network was constructed in order to explore the function of identified risk-marker
miRNAs.

Results: Microarray data from 3 datasets (GSE39366, GSE40774, and GSE55550) was included and analyzed.
The PPI network identified 3 hub genes (VCAM1, UBD, and RPA2). MiR-107 and miR-142-3p were found to play
the most significant role in both the DE-miRNA-target network as well as in the miRNA-miRNA functional
synergistic network. MiR-107 was involved in HPV-induced tumorigenesis by targeting many genes (CAV1,
CDK6, MYB, and SERPINB5S) and regulating the p53 signaling pathway, the PI3K-Akt signaling pathway, and the
autophagy pathway. In addition, miR-142-3p was implicated in HPV-induced tumorigenesis by targeting the
PPFIA1 gene and regulating transcriptional dysregulation and other cancerous pathways.

Conclusion: Three genes (VCAM1, UBD, and RPA2), two miRNAs (miR-107 and miR-142-3p), and four pathways
(p53, PI3K-Akt, autophagy, and transcription dysregulation in cancer) were identified to play critical roles in
distinguishing HPV-positive OPSCC from HPV-negative OPSCC.

miRNAs
Pathways
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Fig. 1. The PPI network of DEGs.
1. Introduction more likely to be classified as early T stage (T1-T2) with higher N stage

(usually cystic and multilevel), whereas metastases develop later in
Head and neck squamous cell carcinoma (HNSCC), as the sixth most HPV-negative OPSCC [2]. Concerning radiological features, HPV(+)

common cancer worldwide, remains a serious health problem due to its OPSCC tumors are more likely to demonstrate exophytic well-defined
high incidence, late diagnosis, and low survival rate [1]. The human borders, whereas HPV(—) OPSCC tumors are likely to demonstrate
papillomavirus (HPV), in particular HPV16, has been established as a invasion of adjacent structures [6]. From the histological perspective,
primary cause of the increasing incidence of HNSCC, mostly invading HPV-positive OPSCCs are usually non-keratinizing, poorly differ-
the oropharynx and causing oropharyngeal squamous cell carcinomas entiated, or basaloid squamous cell carcinomas; in contrast to this,
(OPSCC). Based on HPV status, OPSCC can be divided into two subtypes HPV-negative OPSCCs are usually keratinizing [7]. Additionally, HPV
with different etiologies [2]. One subtype is induced by the persistent (+) OPSCC patients have a more favorable prognosis and are more

infection of HPV and is thus defined as HPV-positive (HPV +) OPSCC responsive to radio- and chemotherapy in comparison to HPV(-—)
[2]. Another subtype of OPSCC is caused by alcohol and tobacco use, OPSCC patients [4]. These clinical and biological differences any be
hence being defined as HPV-negative (HPV —) OPSCC [2]. Many sys- attributable to the different molecular mechanisms underlying these 2

tematic reviews [3-5] have summarized the discrepancy between these types of OPSCC tumors. Therefore, an understanding of tumor biology

two subtypes of OPSCC tumors. mechanisms in this regard would have implications for the develop-
HPV-positive OPSCC differs from HPV-negative OPSCC in terms of ment of tailored diagnostic and prognostic approaches.

clinical, radiological, histological, and prognostic characteristics. In order to explore the molecular differences between HPV(+)

Regarding the clinical stage at presentation, HPV-positive tumors are OPSCCs and HPV(—) OPSCCs, several microarray studies [8-14] have
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Fig. 2. The DEmiRNA-target genes regulatory network.

been conducted in recent years. One conducted microarray study [8]
showed that genes involved in cell cycle regulation (CDKN2A), nuclear
structure and meiosis (SYCP2), DNA replication and repair (RFC5),
transcription regulation (ZNF238), cell differentiation (KLK8), and
epidermis development (CRABP2) were expressed differently, when
comparing HPV-positive OPSCCs to HPV-negative OPSCCs. Another
microarray study [9] showed that DEGs expressed in HPV-positive
OPSCC were mainly involved in cell cycle (CCNE2, E2F, CDC7 and
CDKN2A) and cell proliferation (PCNA and Ki67), as well as DNA re-
plication, recombination, and repair (XRCC1, DDB2, FANCG and
TOPBP1). Although there are some overlapping results among these
microarray studies, the variation among results are most likely attri-
butable to different sample sizes, study designs, and different statistical
approaches used by different microarray studies. Despite such hetero-
geneity, it is necessary to use bioinformatics techniques to integrate
multiple microarray studies pertaining to this topic in order to com-
prehensively and systematically analyze the large body of data gener-
ated in these studies. To our knowledge, there is no existing reports that
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has applied bioinformatics techniques to investigate the genetic and
epigenetic differences between HPV(+) OPSCC and HPV(—) OPSCC.

Thus, the aim of this bioinformatics study was to identify the po-
tential genes, miRNAs, and significant signaling pathways that may
underlie clinicopathological differences between HPV positive and HPV
negative types of OPSCC. The molecular mechanisms thus identified
could provide insight into the biological effects of HPV infection in
OPSCC pathogenesis, and could be developed as novel therapeutic
targets in OPSCC treatment.

2. Material and methods
2.1. Procurement of data

Datasets related to OPSCC were researched using the GEO database
(https://www.ncbi.nlm.nih.gov/gds/) and genetic data including both

HPV(+) OPSCC and HPV(—) OPSCC tissue samples was downloaded.
In accordance with the definition of OPSCC, the included sampling sites


https://www.ncbi.nlm.nih.gov/gds/

J. Wang, et al.

Am J Otolaryngol 40 (2019) 547-554

hsa-mi®-1206

hsa-miR-130a
hsa-miR-96
hsa-mi.767-5p
hsa-miR-130b
hsa-miB-1261

hsa-miR-200c

hsa-miR-148b

hsa-m@B-146a

hsa-rifiR-155

hsa-mil®509-3p

hsa-m.42-5p hsa-miR-429

hsa-n@R-342 0, miR-324-5p

hsa-miR-107 hsa-m 2-3p

hsa-mif@$42-3p

hsa-miR-98

hsa-n)1253 - hsa-n@®' 5481

hsa_m_zgchsa—miR—l%b

hsa-m@®-1179

hsa-miR@516a-3p

hsa-miB-663b
hsa-n@R-150

hsa-miR®770-5p
hsa-miR-221

hsa-m@®-2054
hsa-miR-503

hsa-miR-103

Fig. 3. The miRNA-miRNA synergistic functional network. The red nodes represent up-regulated miRNAs, whereas the green nodes represent down-regulated
miRNAs. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

were restricted to the oropharynx, consisting of the soft palate, base (or
posterior one-third) of tongue, palatine tonsils, palatoglossal folds,
valleculae, and posterior pharyngeal wall [15]. The experimental group
included HPV(+) OPSCC samples, whereas the control group included
HPV(—) OPSCC samples. Based on this inclusion criteria, 6 mRNA ex-
pression profiling datasets (GSE56142, GSE72536, GSE65858,
GSE39366, GSE55550, and GSE40774) and one miRNA expression
profiling dataset (GSE82064) were downloaded (Table S1).

In order to avoid the errors caused by the heterogeneity in terms of
sample size, the datasets containing > 10 samples in both the experi-
mental group and the control group were selected. Consequently, two
datasets (GSE56142 and GSE72536) with a small sample size were
excluded as the sample size of the control group was 2 for GSE56142
dataset and 4 for GSE72536 dataset. The number of DEGs in the
GSE65858 dataset was too small, thus leading to the exclusion of this
dataset to avoid errors based on insufficient material. The three mRNA
expression profiling datasets (GSE39366, GSE55550, and GSE40774)
were finally included in the study.

2.2. Differential expression analysis

Regarding the miRNA and mRNA expression profiling data, differ-
ential expression analysis was performed by using the “limma” package.
For gene sequencing data, differential expression analysis was per-
formed using the edgeR package. If a gene or miRNA had a p value
of < 0.05 and |logFC| > 1, this gene or miRNA was defined as dif-
ferentially expressed. The genes or miRNAs with logFC > 1 were
considered to be up-regulated, whereas the genes or miRNAs with
logFC < —1 were regarded as down-regulated.
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2.3. Functional enrichment analysis

Functional enrichment analysis of differentially expressed genes
(DEGs) was performed by using the Functional Enrichment analysis tool
(Funrich, version 3.1.3, http://www.funrich.org/). The significant level
(p value) of each pathway was calculated based on hypergeometric
distribution. The results of multiple hypothesis tests were corrected and
a false positive rate (FDR) was obtained. The pathways with p values
of < 0.05 were considered as significant.

2.4. Constructing PPI network of DEGs

Experimentally validated PPI interaction pairs were obtained from
many databases including HPRD (http://www.hprd.org/), STRING
(https://string-db.org/newstring_cgi/show_input_page.pl?Userld =
RxNdJERjemqw&sessionld = 5C0iOmbkcoyH), IntAct (http://www.ebi.
ac.uk/intact/), MINT(http://mint.bio.uniroma2.it/mint/Welcome.do),
BioGrid (http://thebiogrid.org/), and DIP (http://dip.doe-mbi.ucla.
edu/dip/Main.cgi). A total of 280,826 PPI pairs corresponding to
19,610 genes were obtained. Using the obtained PPI interaction pairs
corresponding to the DEGs, a PPI network was constructed and visua-
lized with Cytoscape software and topological characteristics of the PPI
network were analyzed.

2.5. Construction of miRNA-gene regulatory network

In order to further investigate the functions of DE-miRNAs, an
miRNA-gene regulatory network was constructed. Experimentally va-
lidated miRNA-target interaction pairs were downloaded from different
databases including miR2Disease (http://www.mir2disease.org/),
miRecords (http://miRecords.umn.edu/miRecords), and miRTarbase
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Fig. 4. The miRNA-target-pathway network of two significant miRNAs (miR-107 and miR-142-3p).

(http://miRTarBase.mbc.nctu.edu.tw). Finally, a total of 383,472
miRNA-target interaction pairs were obtained, consisting of 2827
miRNAs and 15,474 target genes. miRNA-target interaction pairs cor-
responding to DE-miRNAs were used to construct an miRNA-target
regulatory network, which was visualized in Cytoscape software. The
topological characteristics of this network were calculated and the top
10 miRNAs were determined.

2.6. Construction of miRNA-miRNA functional synergistic network (MFSN)

In order to analyze the interactive functions between different
miRNAs, pairs of DE-miRNAs were obtained and used to identify re-
lated mRNAs commonly targeted by both DE-miRNAs. The functions of
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these commonly related DE-miRNAs were used to determine enriched
‘biological processes’ (BP) in the Gene Ontology (GO) terminology.
Each enriched BP was considered as a functional module. If the miRNA-
miRNA interaction pairs had at least one functional module, they were
considered to possess a synergistic role. The miRNA-miRNA interaction
pairs with synergistic roles were determined and used to construct a
genome scale miRNA-miRNA functional synergistic network (MFSN).

2.7. Validation of risk-marker miRNAs and their target genes
The effects of risk-marker miRNAs in the GSE82064 dataset was

evaluated using a support vector machine (SVM) approach, which is a
machine learning technique. Subsequently, mRNA data of six datasets
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(GSE56142, GSE65858, GSE39366, GSE55550, GSE72536, and
GSE40774) was used to validate the accuracy of predicted results.
Receiver operating characteristic curves (ROC) of the identified risk-
marker miRNAs were drawn and area under curve (AUC) values were
calculated. Additionally, functions of the top 5 genes targeted by the
identified risk-marker miRNAs were also determined.

3. Results
3.1. Identification of DEGs

Differential expression analyses were using data sourced from 6
databases including GSE39366, GSE55550, GSE40774, GSE72536,
GSE56142, and GSE65858. DEGs expressed between HPV positive
samples and HPV negative samples were determined. The numbers of
identified up-regulated and down-regulated DE-mRNAs are shown in
Table S2. Among these DEGs, 18 down-regulated DEGs (Fig. S1a) and 7
up-regulated DEGs (Fig. S1b) overlapped between 3 datasets. Since only
a small number of DEGs were found to overlap in 3 datasets, all DEGs
were analyzed further.

3.2. Functional enrichment analysis

Biological processes and signaling pathways that the identified
DEGs were involved in were determined using a hypergeometric test.
Fig. S2a shows that the DEGs were mainly involved in biological pro-
cesses of immune response, cell growth and/or maintenance, cell
communication, and signal transduction. A total of 135 significant
signaling pathways were determined, and the top 15 pathways were
extracted, as shown in Fig. S2b. The most significant pathways that
DEGs were involved in are the ErbB receptor signaling network, VEGF
and VEGFR signaling network, and the Internalization of ErbB1 (Fig.
S2b).

3.3. Construction of PPI network

The PPI network (Fig. 1) consisted of a total of 6696 nodes and
15,482 edges. The topological characteristics of the network were cal-
culated and are presented in Table S3. It was evident that the gene with
the highest degree in this PPI network was VCAM1.
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3.4. Differential expression analysis of miRNAs

A total of 41 differentially expressed miRNAs (DE-miRNAs) were
identified, including 17 down-regulated DE-miRNAs and 24 up-regu-
lated DE-miRNAs. A total of 3151 miRNA-target interaction pairs were
identified, including 35 DE-miRNAs and 2519 target genes. Fig. S3a
shows that DE-miRNAs were mainly involved in biological processes
such as the regulation of nucleobase, nucleoside, as well as nucleotide
and nucleic acid metabolism. In addition, Fig. S3b shows that DE-
miRNAs were mainly involved in several pathways including the TRAIL
signaling pathway, the mTOR signaling pathway, and the PDGFR-beta
signaling pathway.

3.5. Construction of miRNA-target network and MFSN network

By using identified miRNA-target interaction pairs, the miRNA-
target genes regulatory network (Fig. 2) was constructed, including
3151 interaction pairs and 2561 nodes. Based on the miRNA targets, a
total of 264 miRNA-miRNA interaction pairs were obtained, using 32
miRNAs. With these interaction pairs, the MFSN network was con-
structed, as shown in Fig. 3. The topological characteristics of this
network were analyzed and are depicted in Table S5. It was shown that
miR-107 and miR-142-3p regulated the highest number of miRNAs.

Validation of risk-marker miRNAs and their target genes miR-107
and miR-142-3p played the most important role in regulating the
miRNA-target network and the MFSN network (Table S5). MiR-107 was
down-regulated in HPV positive samples, while miR-142-3p was up-
regulated in HPV negative samples. The miRNA-target-pathway net-
work was depicted in Fig. 4. The effects miR-107 and miR-142-3p in the
GSE82064 dataset and their related ROC curves are depicted in Fig. 5.
The ROC values are presented in Table S6 which showed the classified
effects of CAV1 and CDK6 were comparatively balanced among the 6
datasets. The prediction accuracy of CAV1 and CDK6 was compara-
tively higher than other genes (MYB, SERPINB5, and PPFIAl). Both
CAV1 and CDK6 were targeted by miR-107, and had a higher degree
than the other 3 determined target genes (MYB, SERPINB5, and
PPFIAL).

4. Discussion

Several molecular differences emerged between HPV positive and
negatives types of OPSCC. These may be critical to understanding the
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cause of differences in clinical presentation and develop more tailored
regimes for successful management. The top 10 proteins (VCAM1, UBD,
RPA2, UBC, CAV1, CDKN2A, BAG2, AES, NOS2, LCK) identified in the
PPI network seem to play a critical role in causing the distinct clinical
and pathological features of HPV+ and HPV — OPSCC. These findings
are largely congruent with existing experimental evidence. The top 3
proteins with the highest degree were (VCAM1, UBD, RPA2) whereas
CDKN2A has been most well studied in previous investigations [16-18].
Vascular Cell Adhesion Molecule 1 (VCAM1), with the highest degree in
PPI network, is involved in B cell activation, and this tumor-infiltrating
B-cells associated signal is suggested to segregate HPV(+) from HPV
(=) tumors [13]. UBD (ubiquitin D) can promote TNF-alpha-mediated
proteasomal degradation of ubiquitinated-I-kappa-B-alpha, thus further
regulating the activation of the central mediator of innate immunity
NF-kappa-B [13]. These findings suggest that HPV related oncoproteins
may modulate the TNF signaling pathway and possibly regulate the
activation of the NF-kB pathway, possibly by dysregulation of UBD
[19]. RPA2, the 32-kDa subunit of Replication protein A (RPA), was
previously shown as upregulated in HPV positive OPSCC [9]. RPA is the
major human single-stranded DNA (ssDNA)-binding protein complex
and plays a role in many facets of DNA metabolism such as DNA re-
plication, repair, and recombination [20]. The HPV protein E1, an ATP-
dependent viral DNA helicase, can recruit RPA to the viral origin of
replication and physically interact with RPA during papillomavirus
DNA replication [20]. The cyclin-dependent kinase inhibitor 2A
(CDKNZ2A, also called p16) is shown to be differentially overexpressed
in HPV-infected OPSCC, by multiple studies [3,8,12], and is involved in
DNA replication and cell cycle regulation. Expression of pl6 is in-
creased in HPV infections by HPV E7 oncoprotein inactivation of the
PRB tumor suppressor, resulting in a loss of p16 suppression [21].
Among the 32 identified risk-marker miRNAs, 2 miRNAs (miR-107
and miR-142-3p) had the highest degree in the miRNA-miRNA sy-
nergistic functional network, and played the most important roles in
segregating HPV positive from HPV negative OPSCC. The signaling
pathways regulated by these 2 significant miRNAs emergent in the
study and their known roles in HPV associated OPSCC will be described
as follows. In a previous study, MiR-107 was downregulated in HPV
positive OPSCC and significantly associated with overall survival and
disease free survival of this type of malignancy [22]. MiR-107 appears
to be involved in HPV-induced tumorigenesis by regulating multiple
signaling pathways, including the p53 signaling pathway, PI3K-Akt
signaling pathway, autophagy, and herpes simplex infections. For in-
stance, the HPV oncoprotein E6 can induce degradation of p53 by di-
rectly binding to the ubiquitin ligase E6AP, inhibiting p53-dependent
signaling upon stress stimuli, and contributing to tumorigenesis [23]. In
addition to the inhibition of the p53 signaling pathway, HPV infections
accompanied by E6/E7 expression can activate the PI3K/Akt/mTOR
signaling pathway, which can contribute to the immortalization and
carcinogenesis of HPV-transduced cells and thus modulate tumor in-
itiation and progression [24]. Furthermore, the expression of the on-
coviral proteins E5, E6, and E7 can drive the inhibition and impairment
of an autophagic response by acting at the initial and at the late step of
the viral infection and carcinogenesis [25]. Additionally, genes targeted
by miR-107, included CAV1, CDK6, MYB, and SERPINB5. The upre-
gulation of Caveolin-1 (CAV1) plays a critical role in negatively reg-
ulating cell cycle progression by arresting cells in the G(0)/G(1) phase
of the cell cycle [26]. In addition, the HPV E6 viral oncoprotein can
down-regulate CAV1 by inactivating tumor suppressor p53 [27]. CDK6
(cyclin-dependent kinase 6) is downregulated by tumor suppressor p16,
which is a cyclin-dependent kinase inhibitor. Since the p16 protein has
been increasingly recognized as a reliable surrogate marker for survival
in HR (high risk) HPV positive OPSCC, CDK6 could be also believed to
be related to the prognosis of HPV(+) OPSCC. MYB (also known as c-
myb) upregulation can transactivate the HPV-16 promoter/enhancer,
which occurs with HPV-associated cell transformation. Thus, this
transcription factor seems to be involved carcinogenesis of HPV positive
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OPSCC [28]. SERPINB5 (Serpin peptidase inhibitor, clade B (oval-
bumin), member 5) has been found as overexpressed in women with a
persistent HPV16 infection when compared to HPV-negative women
[29]. Taken together with existing evidence, there seems to be sig-
nificant regulatory role of miR-107 in distinguishing HPV(+) OPSCC
from HPV(—) OPSCC.

In addition, miR-142-3p has also previously been identified to play
critical roles in HPV-induced carcinogenesis. MiR-142-3p has been
implicated in many inflammatory diseases and cancers, being noted as
dysregulated in LPS-induced immune responses in periodontal diseases
[30] and up-regulated in HPV-driven OPSCC [31], therefore suggested
to be a prognostic marker of head and neck cancer [32]. This miRNA
can target the PPFIA1 gene (PTPRF interacting protein alpha 1; also
known as LIP1, or LIPRIN) and is also involved in many signaling
pathways such as transcriptional dysregulation in cancer, dopaminergic
synapse, and endocrine and other factor-regulated calcium reabsorption
processes. Its target PPFIA1 gene has been found to be downregulated
in HPV RNA-positive tumors. The protein encoded by PPFIA1 regulates
the disassembly of focal adhesion [33], which determines the rate of
cell migration during the processes of cancer cell invasion and metas-
tasis [34]. The human papillomavirus E6 oncogene has the ability to
repress the cell adhesion pathway and thus further disrupt focal adhe-
sion [35]. Based on this evidence, the downregulation of PPFIA1 may
be involved in tumorigenesis of HPV-driven OPSCC by disrupting the
disassembly of focal adhesion. In addition, the “transcriptional dysre-
gulation in cancer” signaling pathway targeted by miR-107 has been
reported as one of the main enriched pathways of breakpoints from
RNA samples of HPV as HPV integration sites were enriched in tran-
scription factor binding sites (TFBS) [36]. HPV integration may directly
trigger the abnormal transcription and interrupt DNA repair mechan-
isms, thus inducing tumorigenesis in OPSCC. The other identified
pathways (e.g., dopaminergic synapse, endocrine and other factor-
regulated calcium reabsorption) targeted by miR-107 are not supported
to be related to the HPV-driven OPSCC tumorigenesis by existing ex-
perimental studies, thus their putative roles should be researched fur-
ther.

Both strengths and limitations of this study should be considered
while interpreting the outcomes. Firstly, all public datasets examining
HPV-positive and HPV-negative OPSC samples were included, except
for two datasets with very small sample sizes. Integrating data from a
large number of samples is the key advantage of secondary bioinfor-
matics analysis, which lends itself to more statistical robustness.
Secondly, various types of molecular entities (genes, miRNAs, biolo-
gical processes, and signaling pathways) were identified by performing
a series of comprehensive analytical methods, including functional
enrichment analysis, PPI network analysis, miRNA-target network
analysis, miRNA-miRNA synergistic functional network analysis, and
miRNA-target-pathway network analysis. Despite these advantages, this
study also has some notable limitations. Only 1 miRNA expression
profiling dataset was identified and included. More primary studies
applying open-ended methods should investigate the alteration of
miRNA expression profiles between HPV(+) and HPV(—) OPSCCs. A
second limitation is that we did not investigate the molecular differ-
ences between the HPV-active (DNA+RNA+) type and the HPV-in-
active (DNA+RNA —) type of OPSCCs, both of which belong to the
HPV-positive type as only 1 dataset (GSE55550) included in this study
distinguished between HPV-active and HPV-inactive OPSCCs. The re-
sults of this microarray dataset (GSE55550) showed that HPV-inactive
OPSCC has gene expression profiles that are distinguishable from those
of both HPV-active and HPV-negative OPSCC, suggesting that these
may constitute an individual pathogenetic group [12]. This finding has
implications for the experimental design of future microarray studies
whereby OPSCC samples of 3 types HPV-active, inactive, and negative
types should be characterized. Another limitation of the current study is
that only bioinformatics techniques were applied, and a verification of
the results through PCR experiments was not performed due to limited



J. Wang, et al.

funding. However, the bioinformatics identification of these putative
molecular entities may serve as the basis for future laboratorial studies
and research.

In summary, based on the results of this exploratory study the
several hypotheses may be formed. First, we hypothesize that HPV in-
fection engages ErbB signaling in OPSCC oncogenesis by altering cel-
lular growth. A second hypothesis is that VEGF signaling machinery is
exploited in HPV mediated OPSCC for tumor angiogenesis. Thirdly, we
propose that VCAM1 overexpression facilitated by HPV infection may
be involved in OPSCC immune subversion. Furthermore, HPV onco-
proteins may mediate hijacking of ubiquitination processes and inter-
fere with DNA repair, marked by UBD and RPA2, respectively. We also
suggest MiR-107 and miR-142-3p expression levels together may be
used as risk-markers of HPV positive OPSCC. Lastly, we hypothesize
that p53, PI3K-Akt, autophagy, and transcription dysregulation path-
ways are the key differentiators of HPV associated OPSCC oncogenesis
mechanisms versus non-HPV associated oncogenesis.

5. Conclusion

Three genes (VCAM1, UBD, and RPA2), 2 miRNAs (MiR-107 and
miR-142-3p), and multiple pathways (p53, PI3K-Akt, autophagy, and
transcription dysregulation in cancer) were identified to play critical
roles in distinguishing HPV-positive OPSCC from HPV-negative OPSCC.
These specific molecular mechanisms may comprise valuable targets for
OPSCC research in future experimental studies.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.amjot0.2019.04.015.
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