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Abstract
Background—Human papillomavirus (HPV) positive cases of squamous cell carcinoma of the
head and neck (SCCHN) have a much better disease outcome compared to SCCHN cases lacking
HPVs. Differences in microRNA (miRNA) expression may affect their clinical outcomes.

Methods—miRNA expression was studied using microarrays and quantitative RT-PCR in
HPV-16 positive and HPV-negative SCCHN cell lines. The role of HPV-16 E6 and E7 oncogenes
in altering miRNA expression was investigated using human foreskin keratinocytes (HFKs).

Results—MiRNAs miR-363, miR-33 and miR-497 were upregulated while miR-155, miR-181a,
miR-181b, miR-29a, miR-218, miR-222, miR-221 and miR-142-5p were downregulated in HPV-
positive cells compared to both HPV-negative SCCHN and normal oral keratinocytes. HPV-16 E6
oncogene altered miRNA expression in HFKs and in an HPV-16 positive cell line with E6
knockdown using siRNA.

Conclusions—MiRNAs differentially expressed in the presence of HPV-16 may provide
biomarkers for SCCHN and identify cellular pathways targeted by this virus.
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Squamous cell carcinoma of the head and neck (SCCHN) ranks sixth among cancers
worldwide.1 Many of these cases are associated with heavy consumption of alcohol and/or
tobacco use, which over time induce mutations in essential genetic pathways that regulate
the cell cycle. However, human papillomavirus (HPV) type 16 DNA has been found in up to
30 percent of these cancers, most often in the oropharynx region, and such cases of SCCHN
are often found in individuals without the risk factors of alcohol and tobacco use.1, 2 The
HPV-positive SCCHN subset has increased in the past 10 years.2 Because of this
demographic shift and distinct clinical behavior, the association and relevance of HPV in
SCCHN is under intense investigation.
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Characteristics of HPV-associated SCCHN are very different from HPV-negative SCCHN,
causing disputes whether these cancers should be classified as distinct tumors.3 HPV-
positive oral tumors often exhibit loss of cell cycle control proteins, including pRb and
cyclin D1, whereas these two proteins are commonly overexpressed in HPV-negative oral
tumors.1, 3 One of the most common tumor suppressor proteins, p53, is mutated in up to half
of oral cancers, but is very rarely mutated in HPV-positive SCCHN, and tumors with a high
viral load have a better prognosis compared to tumors with a low viral load or tumors that
are HPV-negative.1, 3 Patients with HPV-positive oral tumors have a better response to
chemotherapy, radiation, and surgery,3 and have evidence of immune activation against viral
antigens,4 despite having frequent metastasis to regional lymph nodes.3 The biological basis
for the differential behavior of HPV-positive SCCHN is not understood.

Micro (mi) RNAs are small, ∼22 nt long, chromosome-encoded single-stranded RNAs that
are commonly associated with negative regulation of gene expression.5 MiRNAs are
transcribed and exported to the cytoplasm where further processing takes place, and the
mature miRNA strand is incorporated into the RNA-induced silencing complex (RISC).5
The miRNA guides the RISC to the 3′ untranslated region of its target mRNA where,
depending upon the degree of complementarity, the miRNA either translationally represses
the mRNA or targets it for degradation.5 MiRNA dysregulation has been implicated in many
different types of human cancers.6, 7

Previous reports have shown altered miRNA profiles in head and neck cancers compared to
the normal oral tissue.8-11 MiRNAs with high expression in the tumors compared to the
normal oral tissue included miR-21, while miR-125b was downregulated.8, 10, 11 Basal
miRNA expression in nine head and neck cancer cell lines found that 33 miRNAs were
expressed at a high level and 22 miRNAs were expressed at a low level.12 Interestingly, one
of these cell lines, UM-SCC47, is HPV-16-positive.13 In all nine cell lines, let-7a, miR-16,
miR-21, and miR-205 were highly expressed, and miR-342, miR-346, and miR-373* were
expressed at low levels.12 Although these studies show alterations in miRNA levels in head
and neck cancer, they do not address the role of HPVs. Since the number of cases of
HPV-16-positive SCCHN have been increasing in the past 10 years,2 and the characteristics
of HPV-positive and HPV-negative SCCHN support distinction between these cancers,3 we
sought to analyze the miRNA profiles in HPV-positive and HPV-negative SCCHN cell
lines.

In this study, we demonstrate that miRNA expression profiles in HPV-16-positive SCCHN
cells are distinctly different from those in HPV-negative SCCHN cells and in normal oral
keratinocytes (NOKs) that have been immortalized by activation of h-TERT. Using human
foreskin keratinocytes expressing either the HPV-16 E6 or E7 oncogene, we also
demonstrate that expression of the E6 oncogene results in upregulation of miR-363 and
downregulation of miR-181a, mR-218 and miR-29a. Furthermore, siRNA knockdown of
HPV-16 E6 in the HPV-positive SCCHN cell line SCC2 reduced expression of miR-363.

Materials and Methods
Cell lines

The cell lines used in this study are described in Table 1. Two HPV-16 positive SCCHN cell
lines, UD-SCC-2 (gift from Dr. Henning Bier, University of Dusseldorf)14 and
UPCI:SCC90,15 and two HPV-negative oropharyngeal SCCHN cell lines, PCI-13 and
PCI-30 (gifts from Dr. Theresa Whiteside, UPCI)16 were used for miRNA expression profile
analysis. The HPV-16-positive SCCHN cell lines UM-SCC4713, 17 (gift from Dr. Thomas
Carey, University of Michigan) and 93-VU-147T18 (gift from Dr. Hans Joenje, VU Medical
Center Van der Boechorststraat 7, The Netherlands) were used with the above cell lines for
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validation of the miRNA microarrays. The UPCI:SCC90, UM-SCC-47 and 93-VU-147T
cell lines contain integrated HPV-16 DNA while the HPV-16 status (integrated vs.
episomal) of the UD-SSC-2 cell line is not known.15, 18, 19 However, all the HPV-16
positive cell lines were shown to express the viral E6 and E7 genes (see Fig. 1B). The UD-
SCC-2, UPCI:SCC90, UM-SCC47, PCI-13, and PCI-30 cell lines were grown in Dulbecco's
Modified Eagle's Medium (Lonza, Walkersville, MD, USA) supplemented with 10% fetal
bovine serum, 1% penicillin/streptomycin, and 2% L-glutamine at 37°C in the presence of
5% CO2. The 93-VU-147T cell line was grown in DMEM/F12 medium (MediaTech,
Manassas, VA, USA) supplemented with 10% fetal bovine serum, 1% penicillin/
streptomycin, and 2% L-glutamine at 37°C in the presence of 5% CO2. Normal oral
keratinocytes (NOKs) that were immortalized by activation of h-TERT20 were grown in
defined keratinocyte serum-free medium (Gibco, Grand Island, NY, USA) supplemented
with bovine pituitary extract and 1% penicillin/streptomycin at 37°C in the presence of 5%
CO2. Primary human foreskin keratinocytes (HFKs) that were transduced with a LXSN-
based retroviral vector expressing high-risk HPV-16 E6 or E7 were grown in EpiLife
medium (Invitrogen, Carlsbad, CA, USA,) supplemented with human keratinocyte growth
supplements (Invitrogen) and 1% penicillin/streptomycin at 37°C in the presence of 5%
CO2. HPV-status of samples. The SCCHN cell lines were confirmed to be either HPV-
positive or HPV-negative by PCR analysis using the MY09/MY11 primer set, which
amplifies a conserved region of the HPV L1 gene.15 Although the HPV-positive SCCHN
cell lines have previously been characterized 13-15, 17, 18, we confirmed the HPV status of
these cells. UD-SCC-2, UPCI:SCC90, UM-SCC47, and 93-VU-147T were further
confirmed to contain HPV-16 DNA by PCR using primers that amplify a 477-bp region of
the HPV-16 E6 gene using 5′-ATGCACCAAAAGAGAACTGC-3′ as the forward primer
and 5′-TTACAGCTGGGTTTCTCTAC-3′ as the reverse primer. The glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) gene was used as a loading control using 5′-
AGGGGAGATTCAGTGTGGTG-3′ as the forward primer and 5′-
GGCCTCCAAGGAGTAAGACC-3′ as the reverse primer, amplifying a 122-bp region. All
PCR reactions were performed as described previously.15 The PCR amplified DNA was
analyzed by agarose gel electrophoresis.

RNA isolation and RT-PCR analysis
Total RNA was isolated from all the cell lines grown to 90% confluency using the
Ultraspec™ RNA Isolation System (Biotecx, Houston, TX, USA). DNase-I-treated total
RNA (1 μg) of UD-SCC-2, UPCI:SCC90, UM-SCC47, and 93-VU-147T was subjected to
RT-PCR analysis for expression of the HPV-16 E6 and E7 oncogenes using the Advantage®
Clontech RT-for-PCR Kit (Clontech, Mountain View, CA, USA) according to the
manufacturer's instructions. The HPV-16 E6 gene was amplified using the primer set
described above, and expression of the HPV-16 E7 gene was done using the forward primer
5′-CAGCTCAGAGGAGGAGGATG-3′ and the reverse primer 5′-
GCACAACCGAAGCGTAGAGT-3′, amplifying a 115-bp region. Expression of the
GAPDH gene was used as a control, using the primer set described above. The PCR
products were analyzed by agarose gel electrophoresis. The HFK-16E6 and HFK-16E7 cell
lines were also confirmed to be expressing the intended oncogene via RT-PCR as described
above.

miRNA microarray analysis
Small RNAs (<200nt) were enriched from total RNA from 2 HPV-positive SCCHN cell
lines (UD-SCC-2 and UPCI:SCC90) and 2 HPV-negative SCCHN cell lines (PCI-13 and
PCI-30) using the RNeasy Mini Kit and the RNeasy MinElute Clean Up Kit (Qiagen,
Valencia, CA, USA). The small RNA fractions were validated on a 15% acrylamide gel.
Small RNA fractions obtained from 5 μg of total RNA were labeled with AlexaFluor 647
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(Invitrogen) using the mirVana™ Labeling Kit and hybridized (in duplicate) to the
mirVana™ miRNA Bioarrays V2 (Ambion, Austin, TX, USA). These Bioarrays contained
662 antisense oligonucleotides, spotted in quadruplicate, which included 328 known human
miRNAs, 152 predicted miRNAs (ambi-miRs), 266 mouse miRNAs (114 unique miRNAs),
and 238 rat miRNAs (46 unique miRNAs). The arrays were hybridized with labeled
miRNAs at 42°C overnight. Each array was subsequently washed once in low stringency
wash solution followed by twice in high stringency wash solution, and dried by
centrifugation. The arrays were immediately scanned using GenePix 4000B scanner and the
median fluorescent intensities minus the background fluorescence were obtained using the
GenePix Pro 6.0 software. The median fluorescent intensities of each spot on the bioarrays
were log2 transformed and normalized using the mean intensities within the array and the
global mean adjustment between the arrays by the GEDA program
(http://bioinformatics.upmc.edu/GE2/GEDA.html). Significance Analysis of Microarray
(SAM) program version 1.21 (http://www-stat.stanford.edu/∼tibs/SAM/) was used to
perform a t-test to obtain the differential miRNA expression patterns of each sample.
MiRNAs with at least a two-fold change in expression with a q-value (false discovery rate)
of zero were considered to have significant changes in their expression between the samples.

siRNA knockdown of HPV-16 E6 and transfection assays
The role of HPV-16 E6 in altered miRNA expression in HPV-positive SCCHN cell lines
was analyzed using double-stranded siRNA against HPV-16 E6 (siRNA 209 complementary
to E6 positions 277 to 298, sense sequence 5′-UCCAUAUGCUGUAUGUGAUTT-3′,
Dharmacon, Lafayette, CO, USA).21, 22 The HPV-positive SCCHN cell line SCC2 was
seeded (1.5 × 105) into six-well plates, and after 24 hours transfected with 125 nM siRNA
using Lipofectamine™ 2000 Reagent (Invitrogen) and OPTI-MEM® I (Gibco). BLOCK-iT
fluorescent oligo (Invitrogen) was used as a negative control siRNA (it has no human
homologous sequences) as well as a transfection efficiency control. Cells were harvested
after 72 hours, and RNA extractions were done as previously described.

Real-Time Quantitative RT-PCR
Array data were confirmed by quantitative real-time RT-PCR (qRT-PCR) using the
TaqMan® MicroRNA Reverse Transcription Kit and the TaqMan® MicroRNA Assays
(Applied Biosystems, Foster City, CA, USA) and the Real-Time thermocycler iQ5 (Bio-
Rad, Hercules, CA, USA). These assays utilize stem-loop primers designed to amplify only
the mature miRNA. DNase I-treated total RNA (5 ng) was used for each reaction, and all
reactions were done in triplicate. Assays were performed according to the manufacturer's
instructions and the miRNA levels were normalized to the small nucleolar (sno) RNU43
levels. Relative expression levels of the miRNAs were calculated using the 2-ΔΔCT values.23

Statistical analysis was done via a two-tailed t-test.

HPV-16 E6 expression in siRNA knockdown experiments was confirmed via qRT-PCR
using the QuantiTect SYBR Green PCR kit (Qiagen) according to the manufacturer's
instructions. The E6 gene was amplified using the forward primer 5′-
AGCGACCCAGAAAGTTACCA - 3′ and the reverse primer 5′-
GCATAAATCCCGAAAAGCAA-3′, amplifying a 134bp region. The E6 mRNA levels
were normalized to the GAPDH gene, using the primer set described above. DNase I-treated
total RNA (1 μg) was used for each reaction, and all the reactions were done in triplicate. E6
mRNA levels were normalized to the GAPDH levels, and relative expression levels were
calculated using the 2-ΔΔCT values.23 Statistical analysis was done via a two-tailed t-test.
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Results
MicroRNA expression in SCCHN cell lines

The UD-SCC-2, UPCI:SCC90, UM-SCC47 and 93-VU-147T cell lines were confirmed to
be HPV-positive by PCR analysis using the MY09/MY11 primers (Fig. 1A). These cell lines
were further confirmed to contain HPV-16 DNA by PCR using E6 gene primers (Fig. 1A).
Finally, the expression of the HPV-16 E6 and E7 genes in these cell lines was confirmed by
RT-PCR analysis (Fig. 1B). We then analyzed miRNA expression in two HPV-16 positive
(UD-SCC-2 and UPCI:SCC90) and two HPV-negative (PCI-13 and PCI-30) SCCHN cell
lines utilizing miRVana™ miRNA Bioarrays V2. MiRNA analysis showed that 129 human
miRNAs were expressed in both of the HPV-negative cell lines (PCI-13 and PCI-30), with
miR-21, miR-16 and miR-29a being the most highly expressed (Supplementary Table 1).
The HPV-16 positive cell lines (UD-SCC-2 and UPCI:SCC90) both expressed 216 human
miRNAs, indicating a general upregulation of miRNA expression in the presence of HPV-16
DNA. The miRNAs with high basal expression included miR-205, miR-16, and miR-21
(Supplementary Table 2).

MicroRNA expression is altered in HPV-16-positive SCCHN cell lines
We compared miRNA expression profiles in two HPV-16 positive cell lines, SCC2 and
SCC90, with that of two HPV-negative cell lines, PCI13 and PCI30. Two human miRNAs,
miR-363 and miR-33, as well as the rat miRNA miR-497 (which differs from human
miRNA-497 by just one nucleotide), were upregulated in HPV-positive cell lines compared
to the HPV-negative cell lines (Table 2). Eight human miRNAs and one predicted human
miRNA were downregulated in HPV-positive cell lines (Table 2). A comparison of miRNA
expression between individual cell lines showed that 2 miRNAs were downregulated in
SCC2 compared to PCI13 (Supplementary Table 3), whereas 6 miRNAs were overexpressed
in SCC2 compared to PCI30 (Supplementary Table 4). When SCC90 was compared to
PCI13, 4 miRNA were overexpressed and 3 miRNA were underexpressed (Supplementary
Table 5). On the other hand, 10 miRNA were overexpressed in SCC90 compared to PCI30
(Supplementary Table 6). MiR-363 was upregulated in SCC90 compared to both the PCI13
and PCI30 cell lines, and in SCC2 compared to PCI30 (Supplementary Tables 4-6). We also
found that miR-181a was downregulated in both SCC2 and SCC90 compared to PCI13
(Supplementary Tables 3 and 5). Although there were differences in miRNA expression in
individual SCCHN cell lines, several miRNAs including miR-363 and miR-181a were
similarly altered in both the HPV-positive cell lines in individual as well as pair-wise
comparisons with the two HPV-negative cell lines.

HPV-16-positive SCCHN cell lines have altered microRNA expression as compared to both
HPV-negative SCCHN cell lines and immortalized normal oral keratinocytes

To validate the microarray data, we carried out qRT-PCR analysis for selected miRNAs that
were found to be differentially expressed in SCC2 and SCC90 (HPV-positive) cell lines
compared to PCI13 and PCI30 (HPV-negative). For this, we used four HPV-16 positive
SCCHN cell lines (two that were included in the array analysis and two that were not) and 2
HPV-negative SCCHN cell lines. In order to exclude miRNA profiles only associated with
squamous differentiation or immortalization, we also utilized a normal oral keratinocyte
(NOK) cell line that has been immortalized by activation of h-TERT.20 The most
overexpressed miRNA in the HPV-positive cells based on the array analysis was miR-363.
The qRT-PCR results showed higher expression of miR-363 in HPV-positive cell lines
SCC2 (6.3-fold), SCC90 (28.9-fold), SCC47 (1.3-fold), and 93-VU-147T (5.5-fold)
compared to NOK cells (Fig. 2A). The expression of miR-363 in the HPV-negative cell
lines was reduced 12-fold in PCI13 cells and 7 fold in PCI30 cells compared to the NOK
cells (Fig. 2A). MiR-363 was upregulated in the above four HPV-positive SCCHN cell lines
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by 61.7-, 283.1-, 12.8-, and 54.4-fold, respectively, compared to the average expression in
PCI13 and PCI30, with p<0.01 (Fig. 2A). Since miR-363 is part of a cluster of miRNAs, we
carried out qRT-PCR analysis for two other miRNAs in the cluster, miR-106a and miR-92a.
There was no difference in expression of these miRNAs in the HPV-positive SCCHN cell
lines compared to the HPV-negative SCCHN cell lines (data not shown). The Ambion
mirVana™ miRNA microarray includes a probe for both rat and human miR-497. The rat
miR-497 differs from the human miR-497 by the addition of one adenosine at its 3′ end.24

Since the rat miR-497, but not human miR-497, was significantly altered in the HPV-
positive samples as compared to the HPV-negative samples in our array analysis, we also
carried out qRT-PCR analysis for this miRNA. These results showed that human miR-497
was upregulated in three HPV-positive cell lines, SCC2 (17.2-fold), SCC90 (6.8-fold), and
93-VU-147T (1.61) compared to the NOK cells (Fig. 2B). This miRNA was slightly
downregulated in HPV-negative PCI13 (1.8-fold) and PCI30 (2.0-fold) cells relative to the
NOK cells (Fig. 2B). MiR-497 was upregulated in the above three HPV-positive SCCHN
cell lines by 32.6-, 13.0-, and 3.1-fold, respectively, compared to the average expression in
PCI13 and PCI30, with p<0.01 (Fig. 2B).

The array results also showed that 8 human miRNAs, and one predicted human miRNA
were downregulated in two HPV-positive cell lines, SCC2 and SCC90, compared to the
HPV-negative cell lines (Table 2). The downregulation of a few selected representative
miRNAs in four HPV-positive cell lines as compared to both the HPV-negative cell lines
and NOK cells was confirmed by qRT-PCR. MiR-155 was downregulated in SCC2 (36.7-
fold), SCC90 (87.4-fold), SCC47 (2.9-fold), and 93-VU-147T (1.4-fold) compared to the
NOK cells (Fig. 2C). This miRNA was downregulated in the four HPV-positive cell lines by
42.7-, 101.7-, 3.4-, and 1.6-fold, respectively, compared to the average expression in the
PCI13 and PCI30 cell lines, with p<0.01 for SCC2, SCC90, and SCC47 and p<0.05 for
93VU147T compared to PCI13 and PCI30 (Fig. 2C). MiR-181a was downregulated in
SCC2 (212.3-fold), SCC90 (8.7-fold), SCC47 (7.3-fold), and 93-VU-147T (3.36-fold)
compared to the NOK cells (Fig. 2D). This miRNA was downregulated in the above four
HPV-positive cell lines by 91.4-, 3.7-, 3.1-, and 1.6-fold, respectively, compared to the
average expression in the PCI13 and PCI30 cell lines, with p<0.01 for SCC2, SCC90, and
SCC47 compared to PCI13 and PCI30 (Fig. 2D). Similarly, miR-218 was downregulated in
SCC2 (43.3-fold), SCC90 (28.5-fold), SCC47 (1.4-fold), and 93-VU-147T (35.1-fold)
compared to the NOK cells (Fig. 2E). This miRNA was downregulated in the above four
HPV-positive cell lines by 141.9-, 93.4-, 4.6-, and 114.7-fold, respectively, compared to the
average expression in the PCI13 and PCI30 cell lines, with p<0.01 for SCC2, SCC90, and
93VU147T and p<0.05 for SCC47 compared to PCI13 and PCI30 (Fig. 2E). Finally,
miR-29a was downregulated in SCC2 (144.8-fold), SCC90 (59.9-fold), SCC47 (26.5-fold),
and 93-VU-147T (22.3-fold) compared to the NOK cells (Fig. 2F), while this miRNA was
downregulated 18.3-, 7.6-, 3.4-, and 2.8-fold, respectively, compared to the average values
of PCI13 and PCI30 cell lines, with p<0.01 for SCC2, SCC90, and SCC47 and p<0.05 for
93VU147T compared to PCI13 and PCI30 (Fig 2F).

The HPV-16E6 oncogene alters MicroRNA expression
In order to test whether the altered miRNA expression in the HPV-positive SCCHN cell
lines was due to the expression of the HPV-16 oncogenes, we utilized primary human
foreskin keratinocytes (HFKs) transduced with either the empty vector (LXSN) or vectors
expressing the high-risk HPV-16 E6 or E7. Analysis of RNA samples from HFKs
containing the empty LXSN vector by qRT-PCR showed that it did not express the HPV
oncogenes while the HFK-16E6 and HFK-16E7 cell lines expressed the appropriate
oncogene (Fig. 3A). We then tested the relative expression levels of four miRNAs, miR-363,
miR-181a, miR-218, and miR-29a that were significantly affected in HPV-positive cell lines
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(see Fig. 2). QRT-PCR analysis showed that miR-363 (upregulated in HPV-positive
SCCHN cell lines compared to both HPV-negative SCCHN cell lines and NOK cells) was
upregulated in the HFK-16E6 cell line, with p<0.01, but not in the HFK-16E7 cell line (Fig.
3B). Similarly, miR-181a, miR-218, and miR-29a (downregulated in HPV-positive SCCHN
cell lines compared to both HPV-negative SCCHN cell lines and NOK cells) were
downregulated in the HFK-16E6 cell line, with p<0.01. These miRNAs were either not
affected or affected to a smaller extent in the HFK-16E7 cell line (Fig. 3B). These results
showed that expression of the E6 oncogene of HPV-16 is associated with upregulation of
miR-363 and downregulation of miR-181a, miR-218 and miR-29a.

Since the expression of the HPV-16 E6 oncogene altered miRNA expression in the HFK
cells, siRNA knockdown of HPV-16 E6 was done in the HPV-positive SCCHN cell line
SCC2. The qRT-PCR results showed that reduction in the levels of E6 were accompanied by
a reduction in miR-363 levels (Fig. 4). These results suggest that E6 is involved in the
upregulation of miR-363 in HPV-positive cell lines.

Discussion
HPV-positive and HPV-negative SCCHN have distinctly different clinical outcomes, and
the expression and mutation status of important cell cycle control proteins are very different.
1, 3 Our data show that several cellular miRNAs are also differentially expressed in HPV-
positive SCCHN cell lines as compared to HPV-negative SCCHN cell lines. Many of these
miRNAs were also found to be differentially expressed between the HPV-positive SCCHN
cell lines and transformed oral keratinocytes lacking HPV DNA. Similarly, expression of the
high-risk HPV-16 E6 oncogene in HFKs was strongly associated with changes in miRNA
expression similar to that seen in the HPV-positive SCCHN cell lines, while siRNA
knockdown of HPV-16 E6 reversed this effect for miR-363. These results suggest that
HPV-16, and in particular the E6 oncogene, may be involved in altering the levels of several
cellular miRNAs.

Altered regulation of cellular miRNAs has been observed in several types of human
cancers6, 7, 25 as well as upon oncogenic viral infections, including hepatitis B and C,26

Epstein-Barr virus,27 human T-cell lymphotrophic virus 1,28 and HPV-16.25, 29, 30 Recent
studies have analyzed miRNA expression in SCCHN,8, 9, 12, 31-33 and found that miRNA
profiles in SCCHN are different compared to normal oral tissue. However, currently there is
no information available on differential miRNA expression between HPV-positive and
HPV-negative SCCHN. Since HPV infection has been shown to play a significant role in the
etiology and prognosis of SCCHN,1, 3 we wished to study the effect of HPV-16 infection in
cellular miRNA dysregulation in SCCHN.

Very few HPV-positive SCCHN cell lines have been described in the literature. Of four such
cell lines that are available, we utilized two (UD-SCC-2 and UPCI:SCC90) to compare their
miRNA expression profiles to that of two HPV-negative SCCHN cell lines (PCI13 and
PCI30) by microarray analysis. We further utilized the two additional HPV-16 positive
SCCHN cell lines (UM-SCC47 and 93-VU-147T) to validate the miRNA data obtained in
the above comparison. MiRNA microarray analysis showed that three miRNAs (human
miR-363 and miR-33, and rat miR-497) were upregulated and eight known and one
predicted miRNAs were downregulated in the HPV-positive SCCHN cell lines compared to
the HPV-negative SCCHN cell lines (Table 2 and Fig. 2). The miRNA microarray analysis
was used as a screening tool, and the data was subsequently validated via qRT-PCR. Similar
to our current results, we have previously found that qRT-PCR analysis is much more
sensitive than the miRNA microarrays and the fold-difference in qRT-PCR assays is usually
much greater.34 MiR-363 was specifically upregulated in HPV-16 positive SCCHN cell
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lines compared to the HPV-negative SCCHN cell lines as well as NOK cells (Table 2, Fig.
2A), suggesting a possible role of HPV-16 in altering the levels of this miRNA.
Furthermore, experiments with HFKs showed that expression of the HPV-16 E6 oncogene
increased the levels of miR-363 (Fig. 3B) and siRNA knockdown of E6 reversed this effect
(Fig. 4). Interestingly, miR-363 is part of the oncogenic miR-17∼92 family of clusters,
which is composed of three clusters of miRNAs, miR-17∼92, miR-106a∼363, and
miR-106b∼25 and thought to have evolved through a series of deletions and duplications.35

Other members of this family of miRNA clusters have been implicated in cancers, including
small cell lung cancer,36 B cell lymphoma,37 and T cell leukemia.38 MiRNAs in this family
have similar or identical seed sequences,35 and since the seed sequence of a mature miRNA
contributes significantly to its specificity for its target mRNA5, it has been hypothesized that
miRNAs in the miR-17∼92 family may have similar functions.35 MiR-363 has identical
seed sequences to miR-92-1, miR-92-2, and miR-25.24 MiR-92-2 and miR-25 are also
overexpressed in pancreatic, prostate, and stomach cancers.39 Recently, miR-25 has been
shown to be upregulated in gastric cancers where it targets p57, an essential tumor
suppressor.40 Since miR-363 and miR-25 have the same seed sequence, and miR-25 is
involved in cell cycle disruption,40 it is possible that miR-363 may also be involved in the
dysregulation of cell cycle in HPV-associated SCCHN. The qRT-PCR analysis for
miR-106a and miR-92a did not show any differences in expression between the HPV-
positive and HPV-negative SCCHN cell lines (data not shown). This is not surprising since
many miRNAs in a cluster have independent promoters. Eric Rassart's group has shown that
the miR-106-363 cluster of miRNAs in mice is located downstream of the Kis2 gene.38 This
gene has three different transcription start sites and it appears to encode the primary
miRNAs of the 106-363 cluster. Also, the radiation leukemia virus (RadLV) is commonly
integrated close to the Kis2 locus. In mice, RadLV-induced tumors had varied expression of
miRNAs in the miR-106-363 cluster, indicating that they may not be transcribed from the
same promoter.38 Also, in gastric cancer, miR-363 was shown to be downregulated
compared to the normal tissue, whereas all of the other miRNAs in the miR-106a∼363
cluster were upregulated.40 Thus, while miR-363 is overexpressed in HPV-positive SCCHN
cells compared to HPV-negative SCCHN cells, it is not surprising that we did not see a
difference in expression of miR-106a and miR-92a between these cell lines.

Our results also show downregulation of several miRNAs in HPV-associated SCCHN cell
lines as compared to both HPV-negative SCCHN and NOK cell lines, including miR-155,
miR-181a, miR-218, and miR-29a (Table 2, and Figs. 2 and 3B). We have recently
demonstrated that the HPV-16 E6 oncogene downregulates miR-218 expression in HPV-16
positive cervical carcinomas.34 Furthermore, we showed that miR-218 targets LAMB3, and
downregulation of miR-218 by the E6 oncogene results in overexpression of LAMB3 in
cervical carcinoma cells.34 We found that expression of HPV-16 E6 in HFK cells also
reduced the levels of miR-218 (Fig. 3B). The downregulation of miR-218 in both HPV-
positive cervical and oropharyngeal cancer cell lines suggests that HPV-16 may target
cellular pathways common to these two types of cancers. Although it is documented that p53
expression activates miR-34a41 and miR-34a levels are reduced in HPV-16 positive cervical
cancer,30 we did not find a statistically significant difference between miR-34a levels
between HPV-positive and HPV-negative SCCHN cell lines. While all the HPV-positive
cell lines used in our study are p53 wt, the HPV-negative cell line PCI-13 has a p53
mutation while PCI-30 has wt p53 (Table 1). There are several possible reasons for our
observations on miR-34a. For example, since the p53 pathway is complex, it is possible that
a single miRNA may be subject to multiple regulatory mechanisms.

Viral infections have been implicated in altered cellular miRNA expression. In human B
lymphocytes infected with the Epstein Barr Virus (EBV), elevated levels of miR-155 help in
viral persistence by reducing NF-κB signaling.42 It is intriguing that miR-155 was found to
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be downregulated in the presence of HPV-16 in our studies (Table 2, and Figs. 2C and 3B).
There have been other studies on miRNA expression in head and neck cancers that have
found miR-155 and miR-181a to be upregulated in oral cancer compared to normal oral
tissue.9, 31, 32 However, when we compared HPV-positive and HPV-negative SCCHN cell
lines, these miRNAs were downregulated in the presence of HPV-16 DNA. Future studies
should define the relationship between reduced levels of these miRNAs in HPV-positive
SCCHN.

Our studies showed that miR-181a and miR-29a were downregulated in HPV-positive
SCCHN cells compared to HPV-negative SCCHN and NOK cells (Table 2, Figs. 2D, 2F and
3B). The levels of these two miRNAs also decrease upon expression of the HPV-16 E6
oncogene in HFKs (Fig. 3B), suggesting a role for E6 in downregulation of these miRNAs.
The miR-181 family is known to be highly expressed in the brain43 and is involved in
thymocyte development,44 but its role in other tissues is less well-understood. Our data is
the first to show a downregulation of miR-181a and miR-181b in HPV-positive SCCHN cell
lines compared to HPV-negative SCCHN cell lines (Table 2, Figs. 2D and 3B).
Overexpression of miR-181a and miR-181b has been shown to induce apoptosis and inhibit
growth and invasion in glioma cells.45 Further studies on the roles of the miR-181 family
may elucidate roles of these miRNAs in the different characteristics seen in HPV-positive
and HPV-negative SCCHN. MiR-29a has been shown to interact with viral proteins. For
example, miR-29a targets the HIV-1 Nef protein and interferes with viral replication.46

MiR-29a also targets p85 and CDC42, which are negative regulators of p53.47 Since the
HPV-16 E6 protein promotes the degradation of the p53 protein,48 it is possible that
downregulation of miR-29a by E6 may further reduce p53 levels upon persistent HPV
infection. The precise role of HPV infection in cellular miRNA dysregulation, and the role
of HPVs in SCCHN development which also contributes to a better prognosis for these
cancers as compared to their HPV-negative counterpart will be the subject of future studies.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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HPV human papillomavirus

miRNA microRNA

SCCHN squamous cell carcinoma of the head and neck
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Fig. 1.
PCR and RT-PCR analysis of SCCHN cell lines. (A) HPV-typing of cell lines by PCR. (B)
RT-PCR analysis of HPV-16 E6 and E7 expression in the HPV-positive SCCHN cell lines.
No RT, no reverse transcriptase added.
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Fig. 2.
Quantitative real-time RT-PCR validation of miRNA expression data in four HPV-positive
and two HPV-negative SCCHN cell lines, and transformed normal oral keratinocyte (NOK)
cells. (A) miR-363. (B) miR-497. (C) miR-155. (D) miR-181a. (E) miR-218. (F) miR-29a.
No RT, no reverse transcriptase added. Intensity values are relative to the NOK cells, which
were arbitrarily assigned a value of 1 or -1. The p values for the HPV-positive cell lines
compared to the two HPV-negative SCCHN cell lines are indicated by ** (p<0.01) and *
(p<0.05).
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Fig. 3.
RT-PCR and qRT-PCR analysis of HFK cell lines. (A). RT-PCR analysis of the HPV-16 E6
and E7 oncogene expression in the respective HFK cell lines. The UPCI:SCC90 cell line,
known to express the HPV-16 E6 and E7 genes, was used as a positive control. (B). QRT-
PCR analysis of miR-363, miR-181a, miR-218, and miR-29a in the HFK cell lines. No RT,
no reverse transcriptase added. Intensity values are relative to the HFK-LXSN cells, which
were arbitrarily assigned a value of 1 or -1. The p values for the HPV-16 E6 and E7
expressing HFK cell lines compared the HFK-LXSN cell line are indicated by ** (p<0.01)
and * (p<0.05).
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Fig. 4.
qRT-PCR analysis of HPV-positive SCCHN cell line SCC2 transfected with siRNA against
HPV-16 E6. (A). qRT-PCR analysis of HPV-16 E6 oncogene expression in the HPV-
positive cell line SCC2 upon transfection with a negative control siRNA or with siRNA
against E6. (B). qRT-PCR analysis of miR-363 expression in cells transfected with a
negative control siRNA or with siRNA against E6. No RT, no reverse transcriptase added.
Intensity values are relative to the SCC2 cells transfected with a negative control siRNA,
which were arbitrarily assigned a value of -1. The p-values for the SCC2 + siRNA E6 cells
compared to the SCC2 with control siRNA are indicated by ** (p<0.01).
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TABLE 2

MiRNAs Differentially Expressed in HPV-16-Positive SCCHN Cell Lines Compared to HPV-Negative
SCCHN Cell Lines

MiRNA Fold Changea

Overexpressed

hsa_miR_363 5.16

rno_miR_497 3.20

hsa_miR_33 1.99

Underexpressed

hsa_miR_155 -7.60

hsa_miR_181a -7.34

hsa_miR_181b -6.76

hsa_miR_29a -4.68

hsa_miR_218 -4.22

hsa_miR_222 -3.69

hsa_miR_221 -3.38

hsa_miR_142_5p -3.20

ambi_miR_13232 -3.10

miR, microRNA; hsa, human; rno, rat; ambi, Ambion predicted;

a
Mean fold changes in HPV-16 positive SCCHN cell lines UD-SCC-2 and UPCI:SCC90 compared to HPV-negative SCCHN cell lines PCI-13 and

PCI-30. The q-values of all miRNAs were 0.
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