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Long non-coding RNA (IncRNA) has been a prominent molecule in cancer biology

but the significant knowledge in HPV-associated cancers has been less established. There have been
few reports about human papillomavirus (HPV)-derived antisense RNAs expressed in HPV-associated
cancers but their detailed structures and functions have been unknown. This study thus aims to
identify the HPV antisense RNAs. PCR cloning and bioinformatic analysis revealed that one of the HPV
antisense RNAs is a type of IncRNA and thus named HPV-AS IncRNA. Further expression analysis
demonstrated that HPV-AS IncRNA is exclusively localized in the nucleus, suggesting it may play
roles as an epigenetic modifier of oncogenes such as HPV E6 and E7. However, the results of
knockdown experiments showed downregulation of several nuclear RNAs rather than that of HPV E6 and
E7. In summary, HPV-AS IncRNA is expressed in certain types of HPV-associated cancer cells to
maintain integrated nuclear RNA expression machineries
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High-risk types of human papillomaviruses (HR-HPVs) such asHPV 16 and HPV 18, are a significant
causing agent of oropharyngeal and cervical cancers. Therefore, understanding how their oncoproteins
E6/E7 control multiple intracellular molecules in cancer cellsis vitally important. In short, the viral gene
expression is the central trait of HPV-positive squamous cell carcinomas (SCCs) and therapeutic targeting
of E6/E7 has primarily been pursued. However, what specific intracellular contexts represent distinctive
cancer phenotypes (such as cancer aggressiveness and chemo/radiotherapy resistances) within HPV-
positive SCCs remain largely undefined. To unravel this issue will be demanded for developing more
effective therapiesfor HPV-related SCCs. Long non-coding RNA (IncRNA) has been a prominent molecule
in cancer biology but the significant knowledge in HPV-associated cancers has been less established. There
have been few reports about human papillomavirus (HPV)-derived antisense RNAs expressed in HPV-
associated cancers but their detailed structures and functions have been unknown.
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Thisstudy aimsto identify the HPV antisense RNAs. PCR cloning and bioinformatic analysisrevealed
that one of the HPV antisense RNAs is atype of IncRNA and thus named HPV-AS IncRNA. Therefore, in
order to reveal biological significance of HPV-AS IncRNA, three primary goals were set as follows: (1)
structural identification of the viral ncRNAS, (2) functional characterization of the viral ncRNA expression,
and (3) determination of functional roles of the viral ncRNAs in cancers (SCCs).
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RACE PCRs were performed to identify the structure of HPV-AS IncRNA. Cloned sequences were
aligned to the HPV 16 genomic DNA sequence.
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Total RNAs were extracted from HPV-positive SCC cell lines and cancer patient tissues to synthesize
cDNAs. Subsequent RT-PCR and RT-qPCR experiments were applied to determine HPV-AS IncRNA
expression levelsin patient tissues and SCC cell linesto estimate their cellular and physiological functions.
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In order to evaluate functional roles of HPV-AS IncRNA in SCCs, antisense oligonucleotide (ASO)-
mediated knockdown experiments were performed.
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Severa different 3’ ends of HPV 16 antisense RNAs were identified by RACE-PCRs and one of them
encodes an amost full HPV16 antisense sequence (Fig.1). This prominent sequence had low coding
potential based on the results of in silico analysis such as Coding Potential Calculator (CPC). In addition,
the antisense RNA was exclusively localized in the nucleus. The results demonstrate that this unique HPV
antisense RNA is atype of IncRNA expressed in certain HPV-positive SCCs.
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Fig.2 HPV-AS IncRNA expression in different culture conditions

Transcript levels (condition A) Transcript levels (condition B)

3

25

6 113
ek = HPV-AS IncRNA
5 T‘

134
 HPV-AS IncRNA

GAPDH
l 285

mp53
' l
1
2
» F— —

Cytoplasm Nucleus Cytoplasm Nucleus

s GAPDH
B-actin
=PAIL

Fold chamge (relative to Ctrl)
Fold change (relative to ctrl)



RNA Fig.3 HPV-AS IncRNA expression in SCC Fig.4 Reattachment of SCC
HPV-AS IncRNA spheroids spheroids

HPV(+) SCC spheroids

HPV-AS AN
IncRNA  E6/E7(HPV ‘
)
Fig.2 £
(scalar: 100 u)
H PV_AS Transcript levels (Spheroids/2D monolayer)
IncRNA .
% e (Day 1)
Fig.3 l
13 i ......
13
Fi .4 " (0ay5)

HPV-AS IncRNA  HPV  E6/E7

RT-PCR and RT-gPCR assays were  Fig.5 Knockdown of HPV-AS IncRNA
performed to evaluate HPV-AS IncRNA
expression levelsin different HPV-positive
SCC cell cDNAs and subcdlular
fractionation/RT-gPCR analysis revealed ! i
that HPV-AS IncRNA is a nuclear
IncRNA. Various different cell culture
conditions to monitor changes in HPV-AS
INcRNA  expression were examined
(Fig.2). Furthermore, not only

Transcript levels in ASO-transfected cells

W HPV-AS IncRNA
MALAT1

Fold change
o
>

conventional two-dimensional monolayer 02
cell cultures but also three-dimensional
spheroid cultures were conducted using ’ 200MCrbaso 20 M HPVAS 350

HPV-positive SCC cell lines to evaluate

HPV-AS IncRNA expression, since the 3D suspension

culture can mimic significant in vivo cancer phenotypes  Fi9.6 Wound healing assays
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(Fig.3). The established 3D suspension culture could ]

maintain viable spheroids at least for 13 days such that the -_- u--
spheroids could reinitiate anchorage-dependent growth,
demonstrating a model of cancer metastasis (Fig.4). Taken
together, the results suggest that HPV-AS IncRNA may have
unique functions independent of E6/E7.
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In order to determine functional roles of HPV-ASIncRNA, antisense oligonucleotide (ASO)-mediated
knockdown experiments were performed. The efficacy and specificity of knockdown were validated by RT-
gPCR such that expression of HPV-AS IncRNA was efficiently decreased but a nuclear IncRNA MALAT1
was not (Fig.5). Using this technique, various cell-based assays such as wound healing assays to evaluate
metastatic potentials (Fig.6) were performed. The results of subcellular fractionation and RT-qPCR assays
demonstrated that HPV-AS IncRNA knockdown downregulate several nuclear transcripts (Fig.7).
Therefore, HPV-AS INcRNA may participate in regulatory networks of nuclear RNAS.






