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ABSTRACT Cervical cancer is one of the primary causes of mortality in women due to human papilloma virus (HPV) infec-
ধon. The fingerprint of an HPV infecধon could be detected using a long non-coding RNA (lncRNA) biomarker, enabling it to
be uধlized in molecular diagnosধcs. The primary structure or sequences of RNA should be annotated within convenধonal
bioinformaধcs tools. Therefore, this study aimed to determine the fine-grained 2D and 3D structures of lncRNA PVT1 and
its respecধve siRNA inhibitors. lncRNA PVT1 sequences from Homo sapiens, Mus musculus, and Raħus norvegicus were re-
trieved from Genbank (NCBI). Predicধon of the 2D structure and analysis of the interacধons of the lncRNA and siRNA were
performed using the Vienna RNA package. The 3D structure of the RNA was computed using the SimRNA and ModeRNA
sođware programs. The results showed that lncRNA PVT1 from H. sapiens and M. musculus had a conserved region. How-
ever, the lncRNA from both H. sapiens and M. musculus showed a low conserved region, and the 2D structure could not be
determined; thus, the annotaধon and 2D model focused only on H. sapiens. Both of their lncRNA PVT1 also had a short
half-life in the cell. Based on the 3D modeling pipeline, the 3D model of lncRNA PVT1 showed the stability and possible
funcধon as molecules, while the PVT1 siRNA-lncRNA interacধon analysis revealed that the molecules could bind well. Based
on these findings, the structures of both lncRNA PVT1 and its siRNA have the potenধal to be uধlized as biomarkers.
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1. Introducধon

Cancer has long been considered as one of the main fo-
cus of World Health Organization (WHO) for develop-
ing feasible strategies for its cure, care, and prevention
(WHO 2007, 2017). Approximately 8.8 million people
died worldwide because of cancer(WHO 2017). Although
there are many causes available, HPV is known as the pri-
mal cause of cervical cancer (zur Hausen 2009a,b), current
main focus on the development of vaccine and drugs for all
types of HPV-based cervical cancer is on the proteomics-
based agents (Tambunan and Parikesit 2012). In order
to strengthen the availability and feasibility of cervical
cancer drugs, new development beyond the scope of pro-
teomics studies should be devised. Thus, exploring the
much-uncharted area of transcriptomics, as a means of fo-
cusing on RNA structures, function, and mechanisms, is a
viable alternative (Dong and Chen 2013).

Transcriptomics is focusing mainly on the pattern an-
notation of two RNA types that available in the cell,
namely messenger (m)RNA and non-coding (nc)RNA
(Wang et al. 2009). ncRNA role is largely sidelined in
many years as largely ‘junk DNA’ annotation, and has

gained its momentum now for more focus in transcrip-
tomics research (Dong and Chen 2013). mRNAs and Mi-
cro (mi)RNAs are already common biomarkers for HPV.
HPV biomarkers were already captured as miRNA in the
cancer cell, and already utilized as diagnostics biomarker
(Qian 2013; Qian et al. 2013), specific long non-coding
(lnc)RNA as cervical cancer biomarker for diagnostic has
only recently been studied.

PVT1 gene, as lncRNA diagnostic biomarker of HPV
infection, is already well known (Iden et al. 2016). It
is already proven that silencing PVT1 gene will eventu-
ally decrease cervical cancer cell migration, proliferation,
and invasion. One of the feasible strategies for silenc-
ing PVT1 is by using silencing (si)RNA. Thus, the alter-
native splicing event of PVT1 gene should be carefully
observed as transcript isoforms are available (Chen and
Manley 2009; Wang et al. 2015). The fine-grained reso-
lution of PVT1 biomarker can only be understood by de-
termining its 2D and 3D structural properties. Learning
the functionality and the 2/3D structure PVT1 lncRNA
biomarker and its siRNA is an important step toward ef-
fective blueprint of Cervical Cancer drug and vaccine de-
velopment. The objective of this study is to determine the
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fine-grained 2D and 3D structure of PVT1 lncRNA and
its respective siRNA inhibitor as diagnostic and potential
therapeutic biomarkers.

2. Materials and methods
The procedure was partially adapted from the existing
2D RNA prediction pipeline (Parikesit and Anurogo
2016; Parikesit et al. 2016; Parikesit and Nurdiansyah
2018). The sequences of Homo sapiens, Mus mus-
culus, and Rattus norvegicus lncRNA will be down-
loaded in FASTA format and saved with Komodo
Edit Text Editor for dynamics programming languages
(https://www.activestate.com/komodo-edit). Vienna RNA
Package was utilized for predicting the 2D structure and
interactions of the lncRNA and siRNA (Gruber et al.
2015). The online version of Vienna RNA was used in
here: http://rna.tbi.univie.ac.at/ with providing sequences
in FASTA format as the inputs (TBI 2016). Only default
parameters applied in running the programs. The follow-
ing modules and their respective function were utilized di-
rectly in that website (Table 1).

Those respective tools were applied in order to en-
sure the thermodynamics and kinetics properties of PVT1
lncRNA. The 2D structure elucidation of PVT1 biomark-
ers was crucial to determine their exact functionality in the
biochemical reactions. The output of this protocol was the
thermodynamics, kinetics, and Vienna ‘dot-bracket’ for-
mat data files (Smit et al. 2008). Those data were for-
warded to simRNA andmodeRNA software for predicting

the complete 3D structure of the RNA (Rother et al. 2011;
Magnus et al. 2016). The output of the 3D computational
process was visualized using Chimera software.

3. Results and discussion
PVT1 genes from three species were available in Genbank
(Table 2). The results showed that PVT1 of R. norvegi-
cus is a composition of many transcripts, not the gene se-
quences itself. Only PVT1 of H. sapiens andM. musculus
that could be aligned, as for R. norvegicus has no represen-
tative gene sequences. The pairwise alignment of PVT1 of
H. sapiens and M. musculus is providing unfeasible con-
served alignment. In this respect, only some parts of their
sequences that are heavily conserved.

RNAfold was utilized to determine the 2D Secondary
structure of lncRNA PVT1 ofH. sapiens andM. musculus
were further analyzed to identify the RNA stability. This
computational process was conducted using RNAfold to
simulate the secondary structure and folding mechanism
of lncRNA PVT1 (Figure 1). It was found that both struc-
tures differ significantly and have a different structural
backbone. These kinds of complex structures would defi-
nitely act in transition states of a biochemical reaction and
have a very short half-time. Thus, it would be not feasible
to isolate them in the wet laboratory.

Evaluation of consensus structures of conserved
lnRNA PVT1 between H. sapiens andM. musculus could
reveal its function (Bernhart et al. 2008). RNAalifold
was utilized to determine the conserved 2D structure of

TABLE 1 The modules of Vienna RNA Package.

No. Vienna RNA modules Weblink Funcধonality (TBI 2016) References

1 RNA fold hħp://rna.tbi.univie.ac.at/cgi-
bin/RNAWebSuite/RNAfold.cgi

Predicts minimum free energy struc-
tures and base pair probabiliধes from sin-
gle RNA or DNA sequences.

Gruber et al. (2008);
Lorenz et al. (2011)

2 RNAalifold hħp://rna.tbi.univie.ac.at/cgi-
bin/RNAWebSuite/RNAalifold.cgi

Predicts consensus secondary struc-
tures from an alignment of several
related RNA or DNA sequences. You
need to upload an alignment.

Hofacker et al. (2002);
Bernhart et al. (2008);
Gruber et al. (2008)

3 RNAup hħp://rna.tbi.univie.ac.at/cgi-
bin/RNAWebSuite/RNAup.cgi

Allows to predict the accessibility of a
target region.

Muckstein et al. (2006);
Gruber et al. (2008)

4 Barriers hħp://rna.tbi.univie.ac.at/cgi-
bin/RNAWebSuite/barriers.cgi

Allows to get insights into RNA folding
kineধcs.

Flamm et al. (2002);
Wolfinger et al. (2004)

5 RNAxs hħp://rna.tbi.univie.ac.at/cgi-
bin/RNAxs/RNAxs.cgi

Assists in siRNA design. Tafer et al. (2008)

TABLE 2 The PVT1 genes in the Genbank/NCBI database.

No. Gene ID Descripধon Locaধon

1 5820 Pvt1 oncogene (non-protein coding) [Homo sapiens
(human)]

Chromosome 8, NC_000008.11 (127794533..128101253)

2 19296 plasmacytoma variant translocaধon 1 [Mus muscu-
lus (house mouse)]

Chromosome 15, NC_000081.6 (62037986..62260215)

3 100910797 Pvt1 oncogene [Raħus norvegicus (Norway rat)] Chromosome 7, NC_005106.4 (102648394..102871316)
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(a) (b)

FIGURE 1 The RNAfold computaধonal results of: (a) lncRNA PVT1 Human; (b) lncRNA PVT1 Mus musculus. Both are annotated as MFE
secondary structure, the one with the most minimal free energy gibbs. The scale in the leđ side refers to the base pair probability, from 0
(blue) to 1 (red).

FIGURE 2 The Barriers server visualizaধon of structural transiধon
of siRNA lncRNA PVT1 Human. The scale of the probability of
the formaধon of the structure can be seen in the boħom of the
picture, if the green is closer to zero, and the red one is close to
one. The picture above shows the probability of forming the struc-
ture according to the animaধon sequence. The leđ circle graph is
the graph theory representaধon of each DNA sequence. The right-
hand structure shows the formaধon predicধon structure, with its
probability at each sequence.

lncRNA PVT1. The conservation between two species
was very low, as the conserved structure is illogical and
not in accordance to the thermodynamics law due to the
burdensome steric effects. As such, the RNA annotation
is focused on solely human data. RNAxs was employed to
determine the siRNA that knock down the lncRNA PVT1

FIGURE 3 5S ribosomal RNA (PDB ID: 1VQ9, RFAM ID: RF00001)
as homologous model of lncRNA PVT1 Human.

of H. sapiens. In this end, the siRNA was tested with
RNAup to determine the feasibility of siRNA and H. sapi-
ens lncRNA PVT1 interaction, and thermodynamically it
interacted well. In order to test the integrity of the pre-
dicted structures, Barriers was employed to observe the
transition states of siRNA-lncRNA PVT1 Human (Fig-
ure 2). An ideal siRNA structure will always be iterated
for the most optimal conformation. Barriers server could
predict that siRNA-lncRNA PVT1 Human has 15 struc-
tures in the energy range of 40 kcal/mol above the mini-
mum energy. siRNA is the one that could knock off the
lncRNA. Wide range siRNA for silencing viral genome
already tested in the lab (Jiang and Milner 2002; Yoshi-
nouchi et al. 2003; Chang et al. 2010).
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(a) (b)

FIGURE 4 (a) 3D structure of lncRNA PVT1 Human, the residue was magnified in the right corner; (b) 3D structure of siRNA lncRNA PVT1
Human.

In respect of 3D modeling pipeline, modeRNA was
employed to determine the homology model of lncRNA
PVT1 Human. The structure of lncRNA PVT1 Human
was homologous with the tRNA from a ribosomal unit of
Haloarcula marismortuiwith the PDB ID of 1VQ9. How-
ever, further elucidation of the modeling procedure only
produces the clustering of lncRNA PVT1 Human as part
of RF00001 family. It acts as 5S ribosomal RNA that
binds to transfer RNA (Figure 3). Fine-grained resolution
of homology model is attainable due to the complete an-
notation of RNA database in modeRNA.

Thus, simRNA was utilized to determine the de novo
computation for lncRNA PVT1 Human and its siRNA
(Figure 4). RNAfold data for both structures on Figure
4a and 4b shows that no hydrogen bond information avail-
able. This also reconfirms the finding in simRNA output.
It means that the internal structure of the functional groups
did not support hydrogen bonding in both thermodynam-
ics and kinetics indicator.

The computational results were deposited in the
Mendeley cloud system for further retrieval (Parikesit
2017). The pure prediction pipeline with solely compu-
tational approach would only useful for basic transcrip-
tomics research. In this end, for applied research, fine-
grained resolution of 3D RNA structure prediction could
be applied when combined with experimental data, such
as with utilizing hydroxyl radical probing (HRP) protocol
(Ding et al. 2012).

4. Conclusions
It can be concluded that the design of 2D and 3D structure
of both lncRNA PVT1 and its siRNA could be developed
further as diagnostics and potential therapeutic biomark-
ers for cervical cancer in the wet laboratory. These 2D
and 3D structural information could be utilized for predict-
ing a finer grained biochemicalmechanismwithmolecular

docking and dynamics method. In this end, the repertoire
of the biochemical reaction and functionality could be elu-
cidated in an exact manner.
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