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Abstract
Human papillomavirus (HPV) is a risk factor for several human tumors, including head and neck cancers (HNC). The presence 

of the virus could impact the expression of the host microRNAs, leading to global change in the gene expression profile of the host 
cells. We studied such effects using in silico methods. We analyzed the gene expression profile of 38 HPV-positive and 180 HPV-
negative HNC cases that were publicly available. Unsupervised and supervised hierarchical clustering and principal component 
analysis were performed to compare the two tumor categories. The deregulated genes were studied in terms of GO biological 
processes and KEGG pathways. The expression of the targets of the reported deregulated miRNAs was studied by GSEA. We found 
that HPV-positive and HPV-negative HNCs were similar, yet distinct entities, with the deregulated genes engaged mainly in cell cycle 
regulation and DNA repair. The targets of upregulated miRNAs in HPV-positive HNCs, surprisingly, were enriched in the same tumor 
category. We propose that this observation might be due to the different context of the tumor as compared to the cell lines used in 
the lab for miRNA target discovery, HPV interference with the cellular miRNA machinery, or due to the extremely high expression 
level of the miRNA targets. We report for the first time such a phenomenon, making further studies warranted.
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Introduction
Human papillomavirus (HPV) is a DNA virus from the 

papillomavirus family comprising at least 170 types [1]. Several 
types of this virus, such as types 16 and 18, are engaged in the 
pathogenesis of some human cancers such as cervical and head 
and neck cancers (HNC) [2,3]. It is believed that the virus exerts 
such role through using its several oncoproteins, among which 
E6 and E7 are the leading players. Two important cellular tumor 
suppressors, i.e., pRB and p53, are the targets of these oncoproteins, 
with E6 interacting with p53 protein leading to its degradation in 
proteasome, and E7 competing with pRB binding, leading to cell 
cycle progression [4]. MicroRNAs (miRNAs) are a class of small 
RNAs with a post-transcription regulatory role on gene expression 
[5]. miRNAs have a fundamental role in the regulation of diverse 
biological processes, including carcinogenesis, to the extent that 
some have been designated as onco- and tumor-suppressor 
miRNAs [6]. The presence of viruses, including HPV, might impact 
the physiological balance of miRNA expression in the cell, and thus 
contribute to the pathological effects exerted by the virus, which 
would, in turn, lead to universal changes in the gene expression 
profile of the target cells [7]. Although some studies have dealt with 
gene and miRNA expression profiling in HNC based on the HPV 
association [8-12], however, to our best knowledge, an intercross 

between gene and miRNA expression profiling has not been 
reported so far. Thus, taking such an approach, we aimed to shed 
further light upon the role of deregulated human miRNAs in HPV-
associated HNC. 

Results
Gene expression profiling indicated that HPV-positive 
and HPV-negative HNC were similar yet distinct

We first compared HNC cases based on HPV status. When 
unsupervised HCA and PCA methods were used, we found that 
the two groups were very similar. In fact, the two settings were 
intermixed in HCA (Fisher’s exact test p-value = 0.85, Figure 1A) 
and PCA (Cumulative Variance= 18.70%, Figure S1A). However, a 
t-test (FDR p < 0.05) and fold change (FC > 2) analysis indicated 201 
and 181 probesets (173 and 145 unique genes) to be upregulated 
and downregulated in HPV-positive HNC, respectively (Table S1). 
The HCA analysis based on the deregulated genes could distinguish 
the two sets clearly (Fisher’s exact test p-value < 0.0001, Figure 
1B), and PCA showed clustering of similar samples (Figure S2B, 
Cumulative Variance= 23.35%). This confirmed the existence of 
difference among the tumor cases based on the presence of the 
virus.

Figure 1: Hierarchical clustering analysis of gene expression profiling in head and neck cancer based on HPV status. (A) repre-
sents an unsupervised analysis, while (B) depicts the analysis based on genes differentially expressed between the two tumor 

categories.
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Deregulated genes in HPV-positive HNC were mainly 
engaged in malignancy-related mechanisms

We then investigated to see what would be the function of 
the discovered deregulated genes in HPV-positive HNC. For this 
purpose, we used the MSigDB tool, looking at the Gene Ontology 
Biological Processes and KEGG pathways. Interestingly, processes 

such as cell cycle process, DNA metabolic process, DNA repair, 
response to DNA damage, chromosome organization, and DNA 
replication were found to be significantly enriched (Figure 2A). 
The enriched canonical pathways, again, mainly dealt with similar 
categories such as DNA replication, DNA repair, and p-53 pathway 
(Figure 2B). 

Figure 2: Genes deregulated in HPV-positive HNC turned out to be implicated in malignancy-related processes. We used the 
MSigDB tool to analyze those genes based on Gene Ontology Biological Processes (A) and KEGG pathways (B).

Targets of both upregulated and downregulated miRNAs were enriched in HPV-positive HNC 

Figure 3: GSEA reveals enrichment of the targets of the deregulated miRNAs in HPV-positive HNC in this tumor. The targets of 
both upregulated (A) and downregulated (B) miRNAs were enriched in HPV-positive HNC. Analysis of the targets of the indi-

vidual miRNAs again showed enrichment of both categories in HPV-positive HNC (D-F).
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The miRNAs common between the two published researches 
included seven upregulated miRNAs (Hsa-miR-363-3p, Hsa-miR-
150-5p, hsa-miR-15a-5p, hsa-miR-20b-5p, Hsa-miR-625-5p, 
Hsa-miR-625-5p and hsa-miR-15b-5p) and two downregulated 
miRNAs (hsa-miR-99b-5p and Hsa-miR-744-5p) in HPV-positive 
HNC, respectively (Table 1). Based on MiRTarBase database, these 
microRNAs happened to target 3091 and 489 unique genes, for the 
induced and suppressed miRNAs, respectively (Table S2). When we 

analyzed the total targets of induced or suppressed miRNAs using 
GSEA, surprisingly, we found both of them enriched in HPV-positive 
HNC (FDR q-value 0.056 and 0.248, respectively, (Figure 3A-B). We 
then analyzed single miRNAs, and found 4 of them to be enriched in 
HPV-positive category: hsa-miR-20b-5p (FDR q-value= 0.109), hsa-
miR-150-5p (FDR q-value= 0.029), hsa-miR-155-5p (FDR q-value= 
0.061), and hsa-miR-

99b-5p(FDR q-value= 0.016) (Figure 3C-F).

Table 1: List of miRNAs used in this study.

miRNA Regulation in HPV-positive HNC

hsa-miR-15a-5p Upregulated

hsa-miR-15b-5p Upregulated

hsa-miR-20b-5p Upregulated

Hsa-miR-150-5p Upregulated

Hsa-miR-155-5p Upregulated

Hsa-miR-625-5p Upregulated

Hsa-miR-363-3p Upregulated

hsa-miR-99b-5p Downregulated

Hsa-miR-744-5p Downregulated

Discussion
Several viruses are believed to be critical players in the 

development of some human malignancies [13]. Among them, HPV 
is one of the most studied viruses. This virus comprises numerous 
types, some of which like types 16 and 18 are engaged in the 
development of several cancers, including head and neck cancers 
[2]. The mechanisms by which HPV play such a role are diverse, but 
rely mainly on two virus-encoded E6 and E7 oncoproteins. The E6 
protein is believed to interact with p53 protein, an essential tumor-
suppressor protein, leading to its degradation in the proteasome. 
The E7 protein, on the other hand, competes with pRB binding, 
another tumor suppressor, leading to cell cycle progression [4].

The activity of viral oncoproteins could naturally lead to 
universal changes in the cells’ gene expression profile. One group 
of such targets that their expression could be affected, are miRNAs, 
small RNA molecules with a post-transcription regulatory role 
in gene expression [5]. Since their discovery, the role of miRNAs 
in different biological processes has been elucidated, including 
carcinogenesis [14]. Several miRNAs are considered as onco- and 
tumor-suppressor miRNAs [6]. It can be speculated that some part 
of the biological effects of HPV oncoproteins could be mediated 
through deregulated cellular miRNAs, which could affect the global 
gene expression profile of the tumor [15,16]. In this regard, and 
considering that HPV does not encode its miRNAs like some other 
viruses such as EBV [17], we looked at the role of such miRNAs on 
the global gene expression profile of HPV-associated head and neck 
cancers. We first looked at the gene expression profile of the HPV-
positive and HPV-negative HNCs. The HCA and PCA analyses showed 

them to be very similar, being from the same origin. However, the 
supervised analysis showed them to be different in terms of the 
expression of some genes. Some studies have addressed this matter 
so far, and our results correspond to theirs [8-10]. However, we 
used a collection of all the cases presented in those studies, thus 
improving the accuracy of the findings.

The existence of deregulated genes in the two tumor settings 
would imply different mechanisms for the induction of malignancy. 
Thus, we analyzed the deregulated genes, and they turned out to be 
mainly engaged in two processes of cell cycle, and DNA metabolism 
and repair. This finding corresponds well to the role of E6 and E7, 
interfering with pRB and p53, the first being a significant cell cycle 
regulator, and the second an essential protein in DNA repair [4]. The 
analysis of the deregulated miRNAs targets, however, resulted in a 
surprising finding. Most of the targets of the upregulated miRNAs 
in the HPV-positive cancers were enriched in these cases, contrary 
to what expected. We re-ran the analysis to exclude the possibility 
of any errors. This phenomenon could be explained by several 
possibilities. First, the different cellular context of the experiments 
performed to determine the miRNA targets might have affected the 
results of the present study. Second, our observation might be an 
outcome of HPV interfering with miRNA machinery (as in the case 
of EBV [17]), thus impeding the physiological role of these miRNAs. 
Third, the expression levels of the targets of the induced miRNAs 
might be too high for the miRNAs to manipulate their expression 
significantly. In this point of view, the virus might use the miRNAs 
to fine-tune the over-expression of such genes. Of course, one 
could contest that the input data, i.e., the deregulated miRNAs 
used for the study might not be accurate. However, we used two 
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different sources, choosing only the common miRNAs between the 
two, which were generated in tumor samples and, not in cell lines 
[11,12].

Altogether, we suggest for the first time that the role of 
deregulated miRNAs in the context of HPV, and more generally in 
the context of other viruses, might not be as expected. Thus, the 
researchers intending to use these miRNAs as potential targets of 
therapy shall consider more prudency.

Materials and Methods 
We used four publicly available datasets which are available on 

GEO database (Gene Expression Omnibus of the National Center for 
Biotechnology Information-NCBI): GSE3292, GSE6791, GSE41613 
and GSE53355, all generated on Affymetrix Human Genome U133 
Plus 2.0 Array [8-10,18]. These included 218 cases, comprising 180 
HPV-negative and 38 HPV-positive samples (Table S3). The data 
were normalized, as previously described [7,15,19]. In brief, the CEL 
files were imported into R version 3.2.3 and were normalized, and 
log2 transformed using RMA method in Bioconductor’s affy package 
version 1.48.0. In order to remove the batch effect among the four 
datasets, we used ComBat, setting the options to the default [20]. 
The data was further mean-variance normalized in geWorkbench 
version 2.6.0. Unsupervised and supervised hierarchical clustering 
analysis (HCA) were performed using MeV version 4.8.1 based on 
Pearson correlation and average linkage methods, the first being 
limited to the top 10,000 genes, due to the RAM restrictions. The 
p-value for the HCA accuracy was calculated by Fisher’s exact test 
using the online tool of GraphPad. Supervised and unsupervised 
principal component analysis (PCA) was also achieved using MeV 
software. The differentially expressed genes were determined 
using geWorkbench according to the following criteria: p ≤ 0.05 
(adjusted Bonferroni false discovery rate (FDR)) and fold change 
≥ 2. In order to assess the presence of relevant biological processes 
in the deregulated genes, we used Broad Institute’s MSigDB tool, 
looking at Gene Ontology Biological Processes and KEGG pathways 
(FDR q-value ≤ 0.50, top 10 enrichments chosen). 

The miRNA signature of HPV in HNC was chosen from two 
previously published articles by Miller et al., 2015 and Lajer et al., 
2012 [11,12]. Only the miRNAs common between the two datasets 
were chosen. To determine the targets of the deregulated miRNAs, 
we used MiRTarBase (Release 7.0: Sept. 15, 2017), a dataset which 
has collected the biochemically proven miRNA targets [21]). The 
expression of these targets was evaluated using gene set enrichment 
analysis software (GSEA) version 3.0, leaving the option to default 
[22]. 
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