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Abstract

Background: Upregulated expression of high risk human papillomaviruses (HR-HPVs) E6 and E7
oncogenes is associated with cervical carcinogenesis and it has been shown that E2 protein can either
activate or repress HPV oncogenes expression.
Objectives: We aimed to detect the effect of E2 protein on host repressor proteins expression that may
facilitate the E2 mediated transcriptional repressive activity of human papillomavirus 16 oncogene promoters
and the interaction of HPV16 E2 protein and host partner protein. In addition, RNAseq analysis was
performed using RNA extracted from five cervical cancer cell lines containing HPV16, 18, 45 and 68b
(CaSki, SiHa, HeLa, MS751 and ME180) and HPV negative cervical cancer cell line (C33A) to investigate
the transcription patterns of viral and cellular genes.
Methods: Transfection experiment on CaSki and SiHa using plasmid containing HPV16 E2 gene was
performed. Viral and host gene expression were detected by real time PCR and western blot.
Results: The major transcripts obtained from four HR-HPV types 16, 18, 45 and 68b were E6*| with splicing
event occur within E6 gene fused with full length E7 ORF, 2267409 (HPV16), 233*416 (HPV18), 2307412
(HPV45) and 129311(HPV68b) and were associated with full length E7 oncogene expression. CaSki and
SiHa cell lines transfected with HPV16E2 showed reduction of full length E7 oncogenes. HDAC1 was found
to be upregulated in HPV16 E2 expressing CaSki but not SiHa.
Conclusion: Splicing pattern that occurred within E6 gene resulting in E6*l transcript facilitates E7 oncogene
translation. Thus, HPV major transcript E6*I and full length E7 oncogenes expressed in HR-HPVs active
cervical cancer cell lines could be used as biomarker and targeted therapy. HDAC1 may be involved in

HPV16E2 mediated viral oncogene transcripts down expression in CaSki and SiHa cell lines. Further study



should be performed to investigate the viral-host proteins interaction and their effect on viral oncogenes

expression..

Keywords: Human papillomavirus16 E2; transcription patterns; host gene expression
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High-risk human papillomaviruses (hr-HPVs) infection is accepted as the main cause of cervical
cancer (Lombard et al. 1998, Walboomers et al. 1999). Among the HR-HPV types associated with
anogenital cancers, HPV 16 is the most common type (Clifford et al. 2005, Clifford et al. 2003, de
Sanjose et al. 2007, Munoz et al. 2003) accounting for >50% in cervical cancer. Deregulated expression
of HR-HPV oncogenes E6 and E7 leading to cervical carcinogenesis by well characterized mechanisms
such as binding of E6 protein to p53, the tumor suppressor gene, causes p53 degradation and E7 binds
retinoblastoma protein (pRb) causes releasing of E2F protein, E2F is host transcription factor that drives
cell into S phase and initiate cell proliferation (Doorbar 2006, Duensing et al. 2000, Duensing and
Munger 2003, Munger et al. 2004). In productive HPV infection phase, expression of E6 and E7
oncogenes is controlled by viral E2 protein. The E2 protein can either activate or repress of viral
oncogene promoter. Low E2 protein level binds high affinity distal E2BS that activates gene expression
and high level of E2 protein binds both distal and proximal E2BSs consequently preventing the binding
of Sp1, TFIID and RNA polymerase complex at promoter region as shown by our experiment (Figure 1)
and others (Demeret et al. 1997, Fujii et al. 2001, Soeda et al. 2006, Stubenrauch and Laimins 1999).
Full length E2 protein consists of N-terminal transactivation domain, hinge region and C-terminal DNA
binding domain (McBride 2013). The truncated E2 isoform such as E1AE2 and E8AE2C, that lack
transactivation domain, are dominant negative transcription factor that can repress both transcription
and replication of viral genome (Ammermann et al. 2008, Lace et al. 2008, Stubenrauch et al. 2000,
Stubenrauch et al. 2007, Zobel et al. 2003). Deletion of E2 gene due to viral integration is considered to
be the main event that causes loss of negative regulatory function of E2 protein on oncogenes
expression. E2 gene transcript was not found in squamous cell carcinoma (SCC) (Chen et al. 2014) while
integrate-derived oncogene transcripts become more stabilized because of its co-transcribed cellular
sequences (Jeon and Lambert 1995) and as a result, increase viral oncogenes expression level.
Additionally, multiple copies of integrated HPV genome orientated in a head to tail contain high
methylation in HPV16 promoter region whereas no methylation was found in single copy of integrated
HPV16 (De-Castro Arce et al. 2012, Kalantari et al. 2008). Oncogene transcripts of high methylated
multiple copies of integrated HPV genome were expressed from one active region without DNA
methylation (Van Tine et al. 2004). Furthermore, episomal form is also found in cervical cancer cells

(Klaes et al. 1999, Matovina et al. 2009, Vinokurova et al. 2008), epigenetic alteration in proximal E2



binding sites (EBS) such as methylation and chromatin remodeling may play significant role to block
binding of E2 protein and consequently abrogate its repressive influence on E6 and E7 expression
(Chaiwongkot et al. 2013). A study revealed that episome-derived oncogene transcripts that expressed
E6 and E7 oncoproteins were sufficient to induce centrosome abnormalities and genomic instability in
raft cultures (Duensing et al. 2001). DNA aneuploidy and chromosomal aberrations were also detected

in cervical cells containing episomal HPV16 (Hopman et al. 2004, Melsheimer et al. 2004).

Co-immunoprecipitation and mass spectrometric analysis of E2 complexes revealed that full
length E2 protein can interact with many cellular proteins involved in chromatin remodeling, histone
modifier, mRNA processing, protein transport, DNA replication, transcription and repair, cell cycle,
structural maintenance of chromosomes, proteasome ubiquitin system and apoptosis (Jang et al. 2015,
McBride 2013, Muller and Demeret 2012). These interactions may facilitate E2 functional activity such as
full length E2-Brd4 interaction is required for active viral transcription and replication. These protein
complex also stabilizes E2 protein and tether episomal HPV on transcriptionally active host genome
(Jang et al. 2009, McBride and Jang 2013). E2 can also interact with Brm-containing SWI/SNF chromatin
remodeling complex which enhance transcription from an episomal reporter plasmid (Kumar et al.
2007). On the other hand, E2 protein can also interact with chromatin remodelers and histone modifier
proteins such as NURD, HDAC1/2 and NCOR/SMRT/HDAC3 that may facilitate transcriptional repression
(Dreer et al. 2016, Jang et al. 2015). To diminish the virus induced carcinogenesis, decrease in viral
oncogene transcriptions and viral genome replication are the key events. Re-expression of HPV E2
protein may help to stop cervical cancer cells growth by repression of E6 and E7 oncogenes expression
(Fernandez et al. 2009). We will investigate whether E2 protein can interact with cellular proteins that
are involved in chromosome remodeling and transcriptional repressive activity. HDAC class 1 (HDAC1, 2
and 3) will be selected to study their binding activities with HPV16 full length E2 protein and the effect
of these interactions on viral oncogene promoter activity will be investicated. Chromatin
immunoprecipitation assay revealed that E2 protein can bind E2BS sequences in the human genome
such as nuclear receptor corepressor 2 isoform 1 (NCOR2) (Vosa et al. 2012). Functional analysis showed
that full length E2-Brd4 complex can induce c-FOS expression as shown by ChIP assay which c-Fos can
activate viral oncogene expression(Delcuratolo et al. 2016). E2 can also enhance NF-KB and STAT3

genes expression that may be involved in carcinogenesis (Prabhavathy et al. 2014). Therefore, we



further hypothesize that at high E2 concentration apart from binding to its E2BS in viral genome, E2
protein may activate expression of HDAC1, 2, 3 and other repressor genes such as NuRD, NCOR, SMRT,
CDP and YY-1 that may facilitate E2 mediated transcriptional repressive activity of episomal and

integrated human papillomavirus 16 oncogene promoters.
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Figure 1. Effect of different E2 concentrations on HPV 16 promoter activity in transient transfection of
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1 To study the interaction of HPV16 full length E2 protein with repressor cellular proteins HDAC

class 1 (HDAC1, 2 and 3)

2 To study the functional activity of full length E2-HDAC complex on HPV16 early promoter activity
in episomal and integration form

3 To study the binding activity of full length E2 protein on selected cellular gene promoter and
their gene expression levels including HDAC1, HDAC2, HDAC3, NuRD, NCoR, SMRT, CDP and YY-1
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1. Effect HPV16 E2 full length on HDAC1 and HDAC3 expression

HPV16 E2 protein expressed from p3662 (Addsgene) in cell lines has an effect on increased
HDAC1 expression in CaSki cell line but not SiHa cell line detected by real time RT-PCR and western blot
as shown in Figure 2A, 2B and 2C. However, there was no upregulation of HDAC3 gene expression in
both E2 expressing CaSki and SiHa cell lines. The other cellular gene involved in negatively controlling
gene expression included YY1 was not up regulated in E2 expressing cell lines.

2. Effect of HPV16 E2 on HPV16 viral gene expression



It has been shown that HPV16 E6*1 transcript with splicing event within E6 gene fused with full
length E7 ORF was highly expressed in both CaSki and SiHa, they were SD226/SA409-SD880ASA3358
(Figure 3A) and SD226/SA409-SD880ASA2709 (Figure 3B), respectively. Most expressed transcripts contain
full length E7 ORF. HPV16 E2 could repressed transcripts containing HPV16 full length E7 ORF in CaSki
and but has a little effect in Siha cell lines as shown by real time RT-PCR (Figure 3C). When detecting E6
gene at splicing SA226-SD409, it is shown that E2 has no effect on this site, it seems that transcription
pattern of HPV16 transcripts has changed after reintroduction of E2 protein into cell lines that cause less
expression of full length E7 and caused accumulation of transcripts with splicing at SA226-SD409 of E6
ORF.

3. Interaction of HPV16 E2 protein with HDAC1 and HDAC3

Co-immunoprecipitation and western blot analysis were done to investigate the
E2/HDAC1/HDAC3 complexes. We failed to identify HDACL and HDAC3 in co-immunoprecipitated
complex using anti-HPV16 E2 antibody as shown in figure 4. However, unknown band (molecular weight
between 30-50 kDa) was observed when detecting by anti-HDAC1 antibody, no further experiment was
performed to identify this unknown band.

We fail to detect HPV16 proteins included E2 (Figure 2B), E6 and E7 (Figure 5) by western blot
analysis either by automated machine or manual detection systems, thus we performed only reverse
transcription RT-PCR to detect viral gene expressions.

4. Methylation status of HPV16 L1 gene

As known that HPV16 L1 gene hypermethylation was mostly detected in abnormal cervical
cells while, L1 gene hypomethylation was detected in normal cells. We further investigate the effect of
E2 protein on methylation status of HPV16 L1 gene whether the repression of E7 protein by E2 protein
can lead to demethylation of HPV16 genome as previously reported that E7 protein can activate DNA
methytransferase to induce self-methylation of viral gene. However, there is no change in methylation
level between cell lines with E2 and without E2 (Figure 6).

5. Effect of full-length E2 protein on selected cellular gene promoter activity such as HDAC1.

We do not have luminometer machine to detect luciferase expression as reporter gene
expressed from E2/promoter complex. | plan to set the experiment using that OD can be detected
by microplate reader to investigate the effect of HPV16 E2 protein on cellular promoter activity.

This experiment has not finished yet.



3.0
—
ﬂ>) 25
2
2.0 1
cC
8
5 L5
[72]
v
1.0 1
Q
X
W g5
0.0 -
HDAC1 N HDAC1 ~
(SN (oA
HDAC3 ng §? {\N HDAC3 Qg‘r Q@Yh <
CaSki CaSki+E2 SiHa SiHa+E2
B C
Anti-E2  Anti-HDACL Anti-HDAC3 Anti-HDACL Anti-HOACS

Sy e e

— ~
¢ J o 4 & 9 LEF s )
T & o8 5 I 7 & X 3

o $EFTFTEFESFFISS c -
’“. .- 65 kDa —»
180

bl 50 kDa
- =
116 p—
ol -... 65 kDa

we <+ 50kDa

i
=

Figure 2. Effect of HPV16 E2 protein on HDAC1 and HDAC3 expression detected by real time PCR (A) and

western blot analysis either by automated machine (B) and manual detection system(Q).
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Figure 4. Co-immunoprecipitation using anti HPV16 E2 antibody and western blot analysis
using anti- HDAC1 (A) and anti-HDAC3 (B) antibody.
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6. Bioinformatics analysis of cellular gene expression from six cervical cancer cell lines

We have performed RNAseq in high risk HPV positive cervical cancer cell lines and
HPV negative cervical cancer cell line. After data normalization, heat map of cellular gene
expressions between five HPV positive cervical cancer cell lines (CaSki, SiHa, Hela, ME180
and MS751) and HPV negative cervical cancer cell line (C33A) was shown in figure 7. Log
fold change >4.0 was set as the cut off criteria for the differential gene expression analysis
of up regulated genes in HR-HPV infected cell lines compared to HPV negative cell line.
There were 1085, 854, 922, 840 and 1057 upregulated genes in CaSki, SiHa, Hela, MS751
and ME180 respectively. There were 250 overlapped upregulated genes >4.0 fold changes
of five cell lines..

Gene-Enrichment and Functional Annotation analysis were analyzed by using
g:Profiler and KEGG pathway. 250 overlapped upregulated genes were used for gene
ontology (GO) complete analysis, 174 pathways in biological process (BP), 55 cellular
components (CC), 7 pathways in molecular function (MF) and 13 (KEGG) pathways were
obtained. The most significant biological process included negative regulation of
keratinocyte proliferation (GO:0010839), cell differentiation involved in embryonic placenta
development (GO:0060706), regulation of keratinocyte proliferation (GO:0010837),
establishment of endothelial barrier (GO:0061028) and negative regulation of extrinsic
apoptotic signaling pathway via death domain receptors (GO:1902042). For cellular
component included; laminin-5 complex (GO:0005610), apicolateral plasma membrane
(GO:0016327), recycling endosome membrane (GO:0055038), specific granule (GO:0042581)
and cell-substrate junction (GO:0030055), the significantly molecular function pathway
included cadherin binding (GO:0045296), cell adhesion molecule binding (GO:0050839),
identical protein binding (GO:0042802), enzyme binding (GO:0019899) and protein binding
(GO:0005515). The most significant KEGG pathway analysis included; Pathways in cancer
(hsa05200), Proteoglycans in cancer (hsa05205), p53 signaling pathway (hsa04115),
MicroRNAs in cancer (hsa05206).
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Figure 7. Heat map of host gene expression profile in HPV positive and HPV negative cell

lines.
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The present study revealed the association between HPV16E2 protein and HDAC1
expression. HDAC1 is the cellular protein that function as negative regulatory gene
expression may be involved in suppression of viral gene expression. However, we failed to
detect HDAC1 co-precipitated with HPV16 E2 protein, however, unknown band was
observed. We will optimize assay using plasmid containing secreted alkaline phosphatase
as reporter gene (SEAP (secreted alkaline phosphatase) for promoter activity detection that
would be more suitable in laboratory using microplate ELISA reader.

The transcriptomic analysis of cellular gene expression of high risk HPV compared to
HPV negative cervical cancer cell line revealed genes involved in Pathways in cancer that
can be used as targeted therapy apart from HPV oncogenes.

For further experiment, we will select cellular genes that are highly expressed in

high risk HPV positive cervical cancer cell lines and study the function of that selected

genes in term of carcinogenesis involvement.
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ABSTRACT

Upregulated expression of high-risk human papillomaviruses (HR-HPVs) E6 and E7
oncogenes is associated with cervical carcinogenesis. Transcription patterns and major viral
transcripts of four HR-HPV types 16, 18, 45 and 68b were analyses by RNAseq using RNA
extracted from five cervical cancer cell lines (CaSki, SiHa, HeLa, MS751 and ME180). The
major transcripts obtained from four HR-HPV types 16, 18, 45 and 68b were E6*I with
splicing event occur within E6 gene fused with full length E7 ORF, 2267409
(HPV16), 2337416 (HPV18), 2307412 (HPV45) and 129311(HPV68b) and were
associated with full length E7 oncogene expression. Real time PCR revealed that full length
HR-HPV E7 oncogene was highly expressed in all five cell lines.

Keywords: Human papillomavirus; transcription patterns; RNAseq; Cervical cancer; Major
transcript; E6 and E7 oncogenes

1.Introduction

Long term persistent infection and upregulated expression of high risk human
papillomaviruses (HR-HPVs) E6 and E7 oncoproteins leading to chromosomal instability
and cervical cancer progression. These E6 and E7 oncoproteins disrupt the normal function
of host proteins necessary for normal cell cycle regulation for example, E6 causes
degradation of p53 and E7 inactivates retinoblastoma tumor suppressor protein (pRb)
leading to cell cycle progression (Munger et al. 2004, Munger et al. 2001). Epidemiological
reports showed that HPV16 is mostly found in cervical cancer cases accounting for 50%
worldwide, followed by HPV18 (~20%) and other HR-HPV types such as HPV45, 31, 33,
58, 52 depends on regions (Clifford et al. 2003, Munoz et al. 2003).
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HPV16, 18 and 31 transcription patterns have been widely studied and revealed
that viral oncogene transcripts E6 and E7 are expressed from early promoter as bicistronic
or polycistronic transcripts with two or more open reading frames (ORFs) located on the
same mMRNA with splicing variants found in E6 region in some transcript types (Ajiro et al.
2016, Graham 2010, Graham and Faizo 2017, Milligan et al. 2007, Ozbun 2002, Ozbun and
Meyers 1998, Schmitt et al. 2011, Stubenrauch and Laimins 1999, Wang et al. 2011). It has
been reported that the transcript encoding the full length of E6 and E7 mRNA translated
only the first E6 ORF that located close to promoter (Smotkin et al. 1989, Tang et al. 2006)
due to the distance between two ORFs is short, consequently, only the first ORF is
translated (Attal et al. 1999). It was reported that monocistronic mMRNA containing E7 ORF
expressed from promoter located within E6 gene such as p542 for HPV16 is required in
order to efficiently translate E7 protein (Braunstein et al. 1999, Glahder et al. 2003).
Splicing event within E6 intronic region is the alternative mechanism to help express E7
protein and E6 disruption by splicing event is associated with cervical carcinogenesis (Chen
et al. 2014, Lin et al. 2015, Tang et al. 2006). Different splicing patterns within E6 region of
HPV16 have been identified with one splicing donor (SD) site at position 226 and three
splicing acceptor (SA) sites at position 409, 526 and 742, they are named as E6*I
(SD226"SA409), E6*II (SD226"SA526) and E6*X(E6*"E7*)(SD226"SA742) (Graham
2010). Two splicing patterns within E6 gene of HPV18 have been identified including E6*1
(SD233"SA416) and E6*"E7* (SD233"SA791) (Ajiro et al. 2016, Toots et al. 2014, Wang
et al. 2011). There is no splicing event within E6 region of low risk HPVs (Zheng 2010).

Most of previous published papers focused on HPV transcription patterns, however,
there were limited quantitative information of major transcript that are associated with E6
and E7 oncogene expression. Recent study using RNAseq assay reported quantitative results
of different HPV16 transcripts (Chen et al. 2014). Other HR-HPVs that are necessary for
cervical carcinogenesis should be concerned in order to understand the transcription patterns
among HR-HPV types. Thus, we aimed to employ RNAseq analysis to identify major
transcripts that are associated with E6 and E7 oncogene expressions of not only HPV16 and
HPV18 but also HPV45 and HPV68b in five cervical cancer cell lines. The major transcripts
that were associated with E6* and E7 oncogene expressions obtained from four HR-HPV
types 16, 18, 45 and 68b with integration form were identified in the present study.

2. Materials and methods
2.1. Cervical cancer cell lines

Five cervical cancer cell lines containing different HR-HPV types were used in the
present study including CaSki (containing approximately 600 copies of integrated HPV16
per cell, (CRL-1550 Lot No0.3794357)), SiHa (containing approximately 1-2 copies of
integrated HPV16 per cell (HTB-35 Lot No. 4031219)), HelLa (containing integrated
HPV18), MS751(containing integrated HPV45(HTB-34 Lot N0.58078726)) and ME180
(containing integrated HPV68b(HTB-33 Lot 57758662)). All cell lines were maintained in
Dullbecco's modified Eagle’s medium (DMEM) with 10% fetal bovine serum in CO:
incubator at 37°C. This study has been approved (COA No. 677/2015) by the Institutional
Review Board of the Faculty of Medicine, Chulalongkorn University.

2.2. RNA preparation for RNA sequencing
Total RNA was extracted from cervical cancer cell lines using an RNeasy® Mini
Kit (QIAGEN, Valencia, CA) according to the manufacturer's instructions. Approximately
10,000,000 cells were used. The RNA was eluted twice in a total volume of 100 pl of
RNase-free H,O. RNA was quantified by Agilent 2100 Bioanalyzer and samples with RIN
value >8.0 were used for RNAseq analysis. lllumina TrueSeq Stransded mRNA Sample
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Preparation Kit were used. Samples were sequenced on an Illlumina HiSeq2500 using a
paired-end run.
2.3. Data analysis
The Hisat2 v2.1.0 aligner was used to map the raw data reads onto the viral
reference sequences as follows, HPV16 (NC_001526.2), HPV18 (NC_001357.1), HPV68b
(FR751039.1) and HPV45 (X74479.1). Following the alignment, the reads were assembled
into transcripts and quantified, using Cufflinks v. 2.2.1. Following the alignment, the reads
were assembled into transcripts (Cuffmerge) and quantified (Cuffdiff) as fragments per
kilobase per million (FPKM). The results were visualized, using Integrated Genomic
Viewer (IGV) to identify the expressed transcripts and splicing junction of each HPV type.
2.4 Validation of HPV transcripts by Real Time Polymerase Chain Reaction (real
time-PCR)
Primers were designed to detect the viral transcripts in five cell lines by real time RT-
PCR. cDNA was synthesized using Superscript 1l Reverse Trancriptase (Invitrogen). Real
time PCR was performed using SsoAdvanced Universal SYBR Green Supermix (Bio-Rad).
Primers sequences were shown in Table 1. The PCR conditions were: initial denaturing at
98 °C for 30 sec, followed by 40 cycles of 95 °C for 15 seconds and 60 °C for 1 minute.
GAPDH was used as house keeping gene and deltadeltaCt was calculated to investigate
difference in gene expression.

3. Results
3.1. Identification of expressed transcripts

The reads were mapped onto the viral reference sequences to identify the viral
transcripts that were expressed in each cervical cancer cell lines (CaSki (HPV16), SiHa
(HPV16), HeLa (HPV18), MS751 (HPV45) and ME180 (HPV68b)). Transcripts containing
truncated E6 and full length E7 genes were highly detected in all four HR-HPV types 16,
18, 45 and 68b. Full length E6, full length E1 and truncated E1 transcripts were also
detected but in less amount. Transcript containing full length E2 and truncated E2 ORF
were found in HPV16 positive CaSki cell line (Figure 1).

The splicing junctions of all four HPV types were found within E6 and E1 regions. For
E6 region, one splicing donor (SD) at the 5’ end and different splicing acceptor (SA)
positions at the 3’ end were found as follow; three splicing junctions were found in HPV16
positive cervical cancer cell lines, CaSki and SiHa, SD226"SA409(E6*I),
SD226"SAS526(E6*I1) and SD226"SA742(E6*X). Two splicing junctions were found in
HPV18 (HelLa), SD233"SA416(E6*1), SD2337SA635, HPV45(MS751);
SD230"SA412(E6*1), SD230"SA640 and HPV68b (ME180); SDI129"SA311(E6*I),
SD129"SA406.

Splicing junctions within E1 region found in CaSki and SiHa were SD880"SA3358,

SD880"MSA3361, SD880"SA3391, SD880"NSA1726, SD880"SA2405,
SD880"SA2582(E1C),  SD880"SA2709(E2*),  SD880"SA3020, SD880"NSA3078,
SD880"MSA3329, SD577"SA6810, SD898NSA1725, SD1302*SA27009,

SD1302"SA3358(E2C), SD1760"SA3391, SD1263"SA3391, SD2309"SA3461 and the
other forms were SD96"SA1063, SD226"SA2709 (E6*IV), SD226"SA3329,
SD226"SA3358(E6*111), SD226"SA3361, SD226"SA3391 and SD579"SA6809. Splicing
junctions within E1 region in HPV18(HelLa) were SD929"SA2779, SD977"SA1836,
SD1342"SA1436, SD1987"SA2047 and one splicing event within E7 region,
SD599"SA619. HPV68b(ME180) were SD839"SA2586, SD683"SA2586, SD839"SA2586
and no E1 splicing junctions were found in HPV45(MS751). Transcripts found in four HR-
HPV types 16, 18, 45 and 68b in five cervical cancer cell lines were expressed as
biscistronic and polycistronic.
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3.2. Major transcripts of HR-HPV types 16, 18, 45 and 68b

According to coverage and FPKM values visualized by IGV software, major
transcripts found in CaSki (HPV16), SiHa(HPV16), HeLa(HPV18), MS751 (HPV45) and
ME180(HPV68b) were SD226"SA409-SD880"SA3358 (Figure 2A), SD226"SA409-
SD880"SA2709 (Figure 2B), SD233"SA416 (Figure 2C), SD230"SA412 (Figure 2D) and
SD129"SA331-SD839"SA2586 (Figure 2E), respectively. All major transcripts of four HR-
HPVs contain disruption within E6 gene.
3.3 Validation of HPV oncogene expressions by real time PCR

HPV transcripts were validated to confirm the RNAseq results, primers specific for full

length and truncated HPV transcript types were designed as shown in table 1. It has been
shown that full length E7 transcript of all 4 HR-HPV types was highly expressed. E6*1
transcript was the second most expressed, however full length E6 transcript was less
expressed.
4. Discussion

Four HR-HPV types 16, 18, 45 and 68 mRNA obtained from five different cervical
cancer cell lines were used for RNAseq analysis to identify major transcripts necessary for
expression of viral oncogenes. Expression of viral oncogenes E6 and E7 are detected
as bicistronic and polycistronic, however, it has been reported that a bicistronic transcript
encoding the full length E6 and E7 ORFs translates only E6 protein (Smotkin et al. 1989,
Tang et al. 2006). The mechanism is that the spacing between the E6 ORF and E7 ORF
within this full length transcript is only two nucleotides, thus, the scanning ribosome does
not have enough time to discard its releasing factors and to efficient reinitiation of E7
protein translation. In order to efficiently translate E7 gene, monocistronic transcript
containing the full length E7 ORF transcribed from promoter located within E6 region
should be expressed (Braunstein et al. 1999, Glahder et al. 2003). Deep RNA sequencing
was performed to identify and quantitate the major transcripts that were expressed in five
cervical cancer cell lines containing four different HR-HPV types included HPV16, 18, 45
and 68b. The RNAseq results of four HR-HPV types in the present study revealed less
MRNA transcript encoding the full length E6 and monocistronic full length E7 transcripts
(Figure 1 and 2). Thus, these two transcript types were not required for increased E6 and E7
proteins expression. The major transcripts that were detected in all four HR-HPV types were
transcripts with disruption of E6 intronic region where splicing event occurred that
consistent with previous published papers that E7 oncoprotein was efficiently expressed
from mRNA with splicing event occurs within E6 gene (Chen et al. 2014, Lin et al. 2015,
Tang et al. 2006, Zheng et al. 2004). The explanation is that splicing of E6 intron creates a
frameshift, resulting in the spliced mMRNA which has enough nucleotide space for the
translation termination of truncated E6 protein and re-initiation of full length E7 translation
(Tang et al. 2006). However, it has been reported that the distance between the splicing
acceptor at E6 region and the start codon of E7 gene must be optimal to efficiently translate
E7 protein(Smotkin et al. 1989, Zheng et al. 2004). Quantitative analysis as shown by
coverage and FPKM values of major transcripts revealed that transcript types 226”409
(HPV16), 2337416 (HPV18), 2307412 (HPV45) and 1297311(HPV68b) with full length E7
ORF were mostly expressed (Figure 2) and these transcripts were named E6*I (Tang et al.
2006). HPV16, for example, the distance between the SA409 to E7 start codon at nucleotide
position 562 is 153 bp that is the optimal space for strongly translate E7 gene when
compared to SA526 to E7 start codon 562 (distance 36 bp). The transcript with splicing
acceptor within E7 gene and unspliced within E1 gene were proposed to encode for E1
protein(Johansson and Schwartz 2013, Schwartz 2013, Wu et al. 2017). It has been reported
that splicing event within E6 gene was found only in HR-HPVs but not Low risk HPVs
(Zheng 2010). The level of E6*I transcript found in CaSki and SiHa was not largely
different as shown by RNAseq(FPKM 664,626 and 510,559 in CaSki and SiHa,
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respectively) and real time PCR (Figure 3), although there is the difference in copy number
of integrated HPV16 within each cell line, that may be due to high methylation (>90%) and
closed chromatin were found in long control region (LCR) of HPV16 in CaSki cell lines
(600 copies per cell), however, no methylation was found in HPV16 LCR in SiHa cell line
(1-2 copies per cell) (Chaiwongkot et al. 2013, De-Castro Arce et al. 2012, Stunkel and
Bernard 1999).

It has been shown by amplification of papillomavirus oncogene transcripts
(APQTSs) assay that HPV16 E2 gene was retained in CaSki cell line and splicing acceptor
was also found in E2 gene at position 3358 (data not shown). In accordance with RNAseq
results, in which major transcript of HPV16 found in CaSki cell line was SD226/SA409-
SD880/SA3358. The important of SA3358 for HPV16 E6 and E7 translation was reported
(Li et al. 2013). APOTs assay for HPV18 in Hela revealed splicing donor site at 929 in E1
gene which spliced to cellular sequence (data not shown), however, the major transcript of
HPV18 detected in the present study was SD233/SA416 without splicing event within E1
gene (Figure 2C).

When comparing HPV16 transcripts found in cervical cancer cell lines, CaSki and
SiHa in the present study with previous report transcripts of W12 cell line (W12 cell lines
derived from LSIL cells), it was found that transcript encoding the full length E6 and E7
ORFs with splicing donor at 880 was found only in cervical cancer cell lines (Graham 2010,
Milligan et al. 2007). This transcript type was previously reported to be expressed only in
CIN3 and squamous cell carcinoma (SCC) (Chen et al. 2014). Transcript type E6*I was
mostly detected in cervical cancer (Chen et al. 2014, Schmitt et al. 2011, Zheng 2010). In
the present study study, HPV16 oncogene transcripts E6*I containing truncated E6 and full
length E7 were present in high levels compared to E6*1l and E6*X in both CaSki and SiHa
cervical cancer cell lines. E6*I and E7 transcripts were also highly expressed in HR-HPV
types 18, 45 and 68b. One study showed that E7 oncoprotein of HPVV16 and HPV18 was
highly expressed in CaSki and HelLa, respectively, that correlated with the major transcript
for E7 gene expression (E6*1) detected in the present study (Seedorf et al. 1987).

The cervical cancer cell line MS751 revealed transcripts of truncated E6, E7 and part
of E1 ORFs that consistent with previous report on characterization of HPV45 DNA in
MS751 cell line in which E6, E7 and part of E1 ORFs were retained after viral integration
into host chromosome (Geisbill et al. 1997). Apart from E6*I, E7 and E1 transcripts, both
HPV18 and 45 (Both HPVs are in the same group, Alpha 7 papillomavirus) expressed non
coding region, however, their significant is not well understood.

In summary, full length HPV E7 ORF was found in most expressed transcripts,
followed by truncated E6. Full length E6 ORF was less detected. E2 transcript was also
found in CaSki cell lines. HR-HPV16, 18, 45, 68b expressed common major transcripts with
splicing donor and acceptor sites occurred within E6 gene (E6*1) that facilitate E7 oncogene
translation. Thus, major transcripts encoded for truncated E6*I isoform and E7 proteins
expressed from HR-HPV types may be involved in carcinogenesis (Paget-Bailly et al. 2019)
could be used as biomarker and the target for cervical cancer therapy which may help to
improve the treatment. could also be used as drug target.
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Figure 1. Read depth maps of four HR-HPV type 16, 18, 45 and 68b transcripts obtained from five
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Figure 2. Map of HPV 16, 18, 45 and 68b major transcripts detected in five cell lines including A. CaSki

(HPV16), B. SiHa (HPV16), C. HeLa (HPV18), D. MS751 (HPV45), E. ME180 (HPV68).
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Figure 3. Validation of HPV16, 18, 45 and 68b oncogene expressions (Full length E7(FLE7), E6*1 and

FLE6) detected in five cell lines by real time PCR.
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Table 1 Primers for validation of HPV transcripts by real time PCR

HPV types Target gene Forward (5'-3") Reverse(5'-3")
HPV16 E7 full length CAGCTCAGAGGAGGAGGATG GCCCATTAACAGGTCTTCCA
E6 full length CATTATTGTTATAGTTTGTATGG TGGAATCTTTGCTTTTTGTCC
E6*1409 ACTGCGACGTGAGGTGTATTAAC TGGAATCTTTGCTTTTTGTCC
E6*11526 ACTGCGACGTGAGATCATCAAGAACACG | GTCGAGTCTCCTCCTCCTAC
E6*X742 ACTGCGACGTGAGTGTGACTCTACG GGTTTCTGAGAACAGATGGGGC
E6*IV2709 ACTGCGACGTGAGGACGTGGTCCAG TCTAGGCGCATGTGTTTCCAAT
E6*1113356 ACTGCGACGTGAGCAGCAACGAAG GGTCGCTGGATAGTCGTCTG
HPV18 E7 full length TATGCATGGACCTAAGGC GTGTGACGTTGTGGTTCGGCTCG
E6 full length TCTGTGTATGGAGACACATTGGA CACTGGCCTCTATAGTGCCC
E6*416 CTTACAGAGGTGCCTGCGG CACTGGCCTCTATAGTGCCC
HPV45 E7 full length CGAGTCAGAGGAGGAAAACG CACAAAGGACAAGGTGCTCA
E6 full length TCTGTATATGGAGAGACACTGG CTCGGTACTGTCCAGCTATGC
E6*412 AACGCACAGAGGTGCCTGCGGTGCC CTCGGTACTGTCCAGCTATGC
E6*640 AACGCACAGAGAATGAATTAGATC TTTTGTGACGCTGTGGTTCGGCTCG
HPV68b E7 full length ACCCGACCATGCAGTTAATC TCTAGCTTCCGCAGGTTCTC
E6 full length GGGACGGGGTACCATTAGCTGC CATATAACTTTGTATTAGTTATGG
E6*311 CGGACAGAGGTGCATGTGTTGCCTG CCTCTCGTTTACTGGTCCAGC
E6*406 CGGACAGAGGACAGTGTCGCCAC GCATGGACATAACTCTAACAC
GAPDH GCACCGTCAAGGCTGAGAAC ATGGTGGTGAAGACGCCAGT
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