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Abstract

Modulation of expression of noncoding RNAs is an important aspect of the oncogenic activities of 

high-risk human papillomavirus (HPV) E6 and E7 proteins. While HPV E6/E7-mediated 

alterations of microRNAs (miRNAs) has been studied in detail there are fewer reports on HPV-

mediated dysregulation of long noncoding RNAs (lncRNAs). The cervical carcinoma expressed 

PCNA regulatory (CCEPR) lncRNA is highly expressed in cervical cancers and expression 

correlates with tumor size and patient outcome. We report that CCEPR is a nuclear lncRNA and 

that HPV16 E6 oncogene expression causes increased CCEPR expression through a mechanism 

that is not directly dependent on TP53 inactivation. CCEPR depletion in cervical carcinoma cell 

lines reduces viability, while overexpression enhances viability. Moreover, we determined that 

CCEPR is a nuclear lncRNA. In contrast to what was published and inspired its designation, there 

is no evidence for PCNA mRNA stabilization, and hence CCEPR likely functions through a 

different mechanism.
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INTRODUCTION

High-risk human papillomaviruses (HPVs) cause approximately 5% of all human cancers 

including almost all cervical carcinomas as well as a large fraction of other anogenital tract 

and oropharyngeal carcinomas (Cubie, 2013). E6 and E7 are the only viral proteins that are 

consistently expressed in the tumors, and their expression is required for cancer initiation 
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and maintenance (Moody and Laimins, 2010). The two best studied cellular targets of 

HPV16 E6 and E7 are the TP53 and RB1 tumor suppressors, respectively. However, there is 

compelling evidence that the high-risk HPV E6 and E7 proteins also target other cellular 

factors and over the years, many additional cellular protein targets of HPV E6 and E7 have 

been identified (Roman and Munger, 2013; Vande Pol and Klingelhutz, 2013).

Only a small fraction (<2%) of the transcribed human genome correspond to protein-coding 

mRNAs (Djebali et al., 2012). Most of the transcribed RNAs are not translated, and are 

members of various classes of noncoding RNAs. One such class are microRNAs (miRNAs) 

and several studies have investigated the modulation of cellular miRNA expression by HPV 

E6/E7 (Gunasekharan and Laimins, 2013; Harden et al., 2017; Melar-New and Laimins, 

2010; Wang et al., 2014). Another class are the long non-coding RNAs (lncRNAs). These 

are defined as transcripts longer than 200 nucleotides with limited coding potential of <100 

amino acids. LncRNAs can specifically interact with proteins, DNA and RNA and function 

as scaffolds for multiprotein complexes, guiding such complexes to specific portions of the 

genome, binding and affecting the stability of cognate mRNA partners or serving as 

microRNA sponges (Long et al., 2017; Wang and Chang, 2011). LncRNAs are dysregulated 

in many diseases and can drive important cancer phenotypes by acting as tumor suppressors 

or oncogenes (Gutschner and Diederichs, 2012; Marchese et al., 2017; Wapinski and Chang, 

2011).

Three microarray studies have interrogated lncRNA expression in cervical tumor samples 

and at different cancer stages and have suggested that lncRNAs may contribute to the 

development and progression of cervical carcinoma (Chen et al., 2015; Gibb et al., 2012; 

Sun et al., 2014). However, the molecular mechanism(s) that drive the expression of these 

lncRNAs and the potential pathophysiological contributions of specific lncRNAs to HPV 

carcinogenesis remain largely unknown. Moreover, these studies do not provide insights 

whether the observed aberrant lncRNA expression represents a direct consequence of HPV 

E6 and/or E7 expression or whether these changes occur as a consequence of or in response 

to cellular mutations that accumulate during malignant progression.

The cervical carcinoma expressed PCNA regulatory lncRNA gene (CCEPR; aka cervical 

carcinoma high-expressed lncRNA 1, CCHE1) is located on chromosome 10 and encodes a 

2502 nucleotide RNA. As the designation implies, it was found to be highly expressed in 

cervical cancer tissues. CCEPR expression levels were shown to correlate with larger tumor 

size and serve as a predictor for poor prognosis of cervical cancer patients (Chen et al., 

2017). It was reported that CCEPR overexpression might contribute to cellular 

hyperproliferation of cervical cancer cells by binding and stabilizing PCNA mRNA (Yang et 

al., 2015). Additionally, high level CCEPR expression was also detected in other cancer 

types that are not associated with HPV infections, including hepatocellular and urothelial 

bladder carcinomas and high-level expression may also serve as a predictor of poor 

prognosis with these tumors, as well (Peng and Fan, 2016; Zhan et al., 2017). These results 

suggest that CCEPR may be an oncogenic lncRNA.

Here, we report that increased CCEPR expression is driven by the HPV E6 oncogene, 

through a mechanism that is not directly dependent on TP53 inactivation. While our results 

Sharma and Munger Page 2

Virology. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



are consistent with earlier results that showed that CCEPR expression modulates 

proliferation of cervical cancer cell lines, we did not detect any correlation of CCEPR and 

PCNA levels. Moreover, CCEPR is a predominantly nuclear lncRNA, suggesting that it may 

function through mechanisms that are independent of PCNA mRNA stabilization.

MATERIALS AND METHODS

Cell culture

Primary human foreskin keratinocytes (HFKs) were prepared from a pool of 3 to 5 neonatal 

foreskins as previously described (McLaughlin-Drubin et al., 2008). HFKs were maintained 

in keratinocyte-serum-free media (KSFM) supplemented with human recombinant 

epidermal growth factor 1-53 and bovine pituitary extract (Invitrogen). HFK populations 

were generated by retroviral infection with the corresponding LXSN based retroviruses 

followed by G418 selection (500 μg/ml) (Halbert et al., 1991). The LXSN based vector for 

expression of a dominant negative C-terminal TP53 minigene (dn-p53) was a kind gift from 

Moshe Oren’s group (Gottlieb et al., 1994). All experiments were performed with donor and 

passage matched HFKs that were passaged less than 8 times. CaSki, C33A and HeLa cells 

(ATCC) were grown and maintained in Dulbecco’s modified Eagle’s medium (DMEM) 

supplemented with 10% fetal bovine serum (FBS).

Cell fractionation

Cell fractionation was performed using the “Rapid, Efficient And Practical” (REAP) method 

for subcellular fractionation (Suzuki et al., 2010). Briefly, cells were washed with ice-cold 

phosphate buffered saline (PBS) and triturated with ice cold 0.1 % NP40 containing PBS 

five times. Cell were pelleted for 10 seconds at 13,000 x g and the supernatant, which 

contains the cytoplasmic fraction, was collected. The nuclear pellet was re-suspended in ice-

cold 0.1 % NP40 containing PBS and triturated only once. After a 10 second spin at 13,000 

x g, the supernatant was discarded and the nuclear pellet was collected. Both cytoplasmic 

and nuclear fractions were mixed with RNA lysis buffer from the Quick-RNA MiniPrep kit 

(Zymo Research) for RNA isolation.

Antibodies, plasmids, transfections, and lentiviral transduction

The following primary antibodies used were used for western blotting: TP53 (OP43, 

Calbiochem, 1:1,000), RB1 (Ab-5, Millipore, 1:100) and actin (Ab-1501, Millipore, 

1:1,000). A horseradish peroxidase conjugated anti-mouse antibody (NA931, GE Healthcare 

Life Sciences, 1:10,000) was used for detection by enhanced chemiluminescence and images 

were acquired on a Syngene ChemiXX6 imager equipped with Genesys software version 

1.5.5.0. Transient transfections were performed using Lipofectamine 3000 (Thermo Fisher) 

according to the manufacturer’s protocol. The cells were transfected with lentiviral shRNA 

expression vectors with the following target sequences, shRNA-CCEPR1: 5′-

GGCGAGCATGTTTGTTGTTTA-3′ (Yang et al., 2015), shRNA-CCEPR2: 5′-

GTGAGAAATGAGCGGATTACC-3′, and a non-targeting control shRNA: 5′-

CCTAAGGTTAAGTCGCCCTCG-3′ (Bryant et al., 2010; Shen et al., 2011). A vector for 

expression of the full length CCEPR lncRNA from the SR alpha promoter (composed of the 

simian virus 40 (SV40) early promoter and the R segment and part of the U5 sequence (R-

Sharma and Munger Page 3

Virology. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



U5′) of the long terminal repeat of human T-cell leukemia virus type 1) was purchased from 

the EST consortium in Japan, cDNA clone ORF AK055418/FLJ30856. The obtained 

plasmid was verified for expression of full length CCEPR by sequencing.

RNA isolation and real-time quantitative PCR analysis

Total RNA was extracted using the Quick-RNA MiniPrep (Zymo Research). cDNA was 

reverse transcribed using the Quantitect Reverse Transcription Kit (Qiagen). Quantitative 

PCR (qPCR) was performed in triplicate on a StepOne Plus (Applied Biosystems) 

thermocycler using SYBR Green PCR Master Mix (Applied Biosystems) reagents. Primer 

sequences used for RT-qPCR analysis in this study are as follows: CCEPR: 5′-

AAGGTCCCAGGATACTCGC-3′ (forward) and 5′-GTGTCGTGGACTGGCAAAAT-3′ 
(reverse) (Yang et al., 2015); PCNA: 5′-TTAAATTGTCACAGACAAGTAATGTCG-3′ 
(forward) and 5′-TGGCTTTTGTAAAGAAGTTCAGGTAC-3′ (reverse) (Bustin et al., 

2001); MALAT1: 5′-GACGGAGGTTGAGATGAAGC-3′ (forward) and 5′-

ATTCGGGGCTCTGTAGTCCT-3′ (reverse) (Tripathi et al., 2010); GAPDH: 5′-

GATTCCACCCATGGCAAATCC-3′ (forward) and 5′-

TGGGATTTCCATTGATGACAAG-3′ (reverse) (McLaughlin-Drubin et al., 2011). Primers 

for CCEPR were tested for exponential amplification and CCEPR qPCR amplicons were 

verified by sequencing. Expression data was quantified using the ΔΔCT method and 

normalized to expression of the GAPDH as the housekeeping gene.

Cell viability determination

Two days post transfection, media was removed, and 10 μg/ml resazurin (Sigma) was added 

to assess redox fitness. Cells were incubated with dye for one hour and then sample 

fluorescence was read in triplicate using 560 nm excitation and 590 nm emission filters on a 

Synergy H1 microplate reader (BioTek).

Quantification of cell numbers

Four days post transfection, cells were fixed overnight with 10% (w/v) trichloroacetic acid, 

washed and incubated in 0.4% Sulforhodamine B (SRB) (Sigma) (Vichai and Kirtikara, 

2006) in 1% acetic acid for ten minutes. After washing with 1% acetic acid five times plates 

were air-dried and SRB dye was eluted in 10 mM Tris buffer, pH 10.5. Absorbance readings 

were taken at 492 nm on a Synergy H1 microplate reader (BioTek).

RESULTS

CCEPR expression is mainly driven by HPV16 E6 oncogene

It has been reported that CCEPR expression is elevated in cervical cancer tissues and cell 

lines (Chen et al., 2017; Yang et al., 2015). It was unknown, however, whether increased 

CCEPR expression is driven by the HPV E6 and/or E7 oncoproteins or whether expression 

increases late during carcinogenesis and is not directly linked to E6/E7 expression. To 

investigate this issue, we used quantitative reverse-transcription polymerase chain reaction 

(qRT-PCR) technology to determine CCEPR levels in donor and passage matched primary 

human foreskin keratinocyte (HFK) cultures with ectopic expression of HPV16 E6 and/or 

E7 oncogene expression. These experiments showed that CCEPR levels were increased in 
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HPV16 E6/E7 and HPV16 E6 expressing HFKs but not in HPV16 E7 expressing HFKs. 

Hence, E6 is the main driver of CCEPR expression in HPV oncogene expressing cells, and 

E7 co-expression may further enhance CCEPR levels (Figure 1A). Expression of HPV16 E6 

and E7 was assessed indirectly by analyzing TP53 and RB1 levels. As expected, RB1 levels 

were lower in E7 expressing cells and TP53 levels were lower in E6 expressing cells (Figure 

1B).

HPV16 E6 mediated CCEPR upregulation is not a direct consequence of TP53 inactivation

The TP53 tumor suppressor is a major cellular target of high-risk HPV E6 oncoproteins. 

Given that CCEPR is also overexpressed in non-HPV associated hepatocellular and 

urothelial bladder carcinomas where TP53 is frequently mutated, we next investigated if 

high-level CCEPR expression was caused by TP53 inactivation. CCEPR levels were 

determined by qRT-PCR in HFK populations with expression of the dn p53 minigene 

(Gottlieb et al., 1994). Unlike HPV16 E6 expression, inactivation of TP53 did not cause 

increased CCEPR expression; in fact, CCEPR expression was lower in dominant negative 

TP53 expressing HFKs than in control vector transduced HFKs. Hence, CCEPR 

upregulation by HPV16 E6 expression is not a direct consequence of TP53 inactivation 

(Figure 1A). as well as the dominant negative TP53 (dn p53) minigene (Gottlieb et al., 

1994). As expected, dn p53 expression in HFKs caused increased p53 levels, presumably by 

stabilizing and inactivating endogenous wild type TP53 (Gottlieb et al., 1994) (Figure 1B).

CCEPR levels in HPV16 E6/E7 expressing cells are similar to cervical cancer cell lines

To determine whether HPV16 E6/E7 expression increases CCEPR to levels similar to those 

in HPV16 positive cervical carcinoma cells, we compared CCEPR expression in HPV16 

E6/E7 expressing HFKs and HPV16 positive CaSki cervical cancer cells by qRT-PCR. 

These experiments showed HPV16 E6/E7 expression increases CCEPR levels in HFKs to 

levels similar to CaSki cells (Figure 2). Moreover, given that CCEPR is also expressed in 

non-HPV-associated cancers, we determined CCEPR levels in HPV negative C33A cervical 

carcinoma cells and found that CCEPR levels were expressed higher levels in these cells 

than in HFKs (Figure 2).

PCNA mRNA levels do not correlate with CCEPR

A previous study reported a significant correlation of CCEPR and PCNA mRNA levels in 

cervical cancer tissues, and suggested that CCEPR overexpression may cause enhanced 

proliferation by PCNA mRNA binding and stabilization (Yang et al., 2015). We, therefore, 

determined CCEPR (Figure 3A) and PCNA mRNA levels (Figure 3B) in three 

independently derived HFK populations each with stable expression of HPV16 E6 and/or 

E7, or dn p53 by qRT-PCR. Our results showed that while CCEPR and PCNA mRNA levels 

each were high in HPV16 E6/E7 expressing HFKs, PCNA mRNA levels were increased in 

E7 expressing cells where CCEPR levels were low, similar to control HFKs, whereas 

HPV16 E6 expressing cells, which expressed high levels of CCEPR, had low PCNA levels 

similar to control HFKs. Moreover, TP53 expressing which contained lower CCEPR levels 

than control vector transduced HFKs showed no concomitant decreased in PCNA mRNA. 

To document TP53 inhibition by HPV16 E6 and dn p53 expression, we determined mRNA 

expression of the prototypical TP53 responsive CDKN1A (p21CIP1) gene. As expected, 
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CDKN1A mRNA levels were significantly lower both in HPV16 E6 and dn p53 expressing 

HFKs (Figure 3C). Hence our results show that there is no correlation between CCEPR and 

PCNA mRNA levels.

Depletion of CCEPR inhibits viability of HPV positive and HPV negative cervical cancer 
lines

Depletion of CCEPR has been reported to inhibit HeLa cervical cancer cell proliferation and 

decrease PCNA levels (Yang et al., 2015). Since the previous study only used a single 

CCEPR targeting siRNA and our results did not provide any evidence for CCEPR regulating 

PCNA mRNA levels, we tested the effect of depleting CCEPR in HPV18 positive HeLa, 

HPV16 positive CaSki and HPV negative C33A cervical cancer cells using two independent 

CCEPR targeting shRNAs. A non-targeting control shRNA was transfected as a negative 

control. CCEPR depletion was validated using qRT-PCR (Figure 4A). We also analyzed 

PCNA mRNA levels and consistent with our results shown in Figure 3, CCEPR depletion 

did not trigger a consistent, concomitant decrease in PCNA mRNA levels (Figure 4B). As a 

biological read out, cellular viability was assessed by reduction of resazurin at two days post 

shRNA transfection (Figure 4C). To confirm that the observed differences in resazurin 

reduction reflect differences in cellular viability versus changes in redox metabolism, we 

also determined cell numbers by Sulforhodamine B (SRB) staining at four days post shRNA 

transfection (Figure 4D). Consistent with a previous study in HeLa cells (Yang et al., 2015) 

our experiments showed a decrease in viability and cell numbers in response to CCEPR 

depletion in each of the cell lines tested.

CCEPR overexpression in cervical cancer lines does not cause increased PCNA mRNA 
expression

Next, we tested whether transiently overexpressing CCEPR in the cervical cancer cell lines 

would have the opposite effect of CCEPR depletion. HPV18 positive HeLa, HPV16 positive 

CaSki and HPV negative C33A cervical carcinoma lines were each transfected with full a 

length CCEPR expression plasmid or a control vector and ectopic CCEPR expression was 

documented by qRT-qPCR (Figure 5A). Even at these very high levels of CCEPR expression 

there was no consistent, significant increase in PCNA mRNA levels, (Figure 5B) even 

though we detected an increase in cell viability (Figure 5C) and cell numbers (Figure 5D) at 

two and four days post transfection, respectively. These results show that even very high, 

CCEPR overexpression, while enhancing cell viability and causing an increase in cell 

numbers, did not cause a consistent, concomitant increase in PCNA levels. In combination 

with the results shown in Figures 3 and 4, these experiments show that CCEPR can 

modulate cell viability, but that this likely independent of modulation of PCNA mRNA 

levels.

CCEPR is a nuclear lncRNA

Determination of the subcellular localization can provide insights regarding potential 

biological activities and biochemical targets of lncRNAs (Chen, 2016; Fatica and Bozzoni, 

2014; Zhang et al., 2014). Nuclear lncRNAs often function as epigenetic regulators and/or 

affect nuclear mRNA metabolism, while cytoplasmic lncRNAs have been implicated in the 

regulation of the stability and translation of mRNA targets (Long et al., 2017; Wang and 
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Chang, 2011). Given that our results do not support the model that CCEPR modulates 

PCNA mRNA stability and abundance, we determined CCEPR levels by qRT-PCR in 

nuclear and cytoplasmic fractions of the HPV18 positive HeLa cervical carcinoma line 

(Figure 6A) as well as HPV16 E6/E7 expressing HFKs (Figure 6B). The known nuclear 

lncRNA MALAT1 (Bernard et al., 2010; Tripathi et al., 2010) and GAPDH mRNA (found in 

both nucleus and cytoplasm) served as controls for RNA detection in the nuclear and 

cytoplasmic fractions, respectively. These experiments revealed that similar to MALAT1, 

CCEPR is predominantly nuclear lncRNA (Figure 6).

DISCUSSION

High-risk HPV E6 and E7 oncoproteins dysregulate a variety of host cellular processes to 

induce host cell transformation. The ability of HPV E6 and E7 to modulate expression of 

various coding genes and microRNAs have been well documented. Despite a few reports of 

aberrant lncRNA expression profiles in cervical cancer tissues (Chen et al., 2015; Gibb et al., 

2012; Sun et al., 2014), the molecular mechanisms that drive the expression of these 

lncRNAs and whether and how they may contribute to cervical carcinogenesis remains 

largely unknown.

LncRNAs are emerging as a critical component of the cancer transcriptome, and have been 

reported to play a role in variety of cellular processes through their interactions with 

proteins, DNA and RNA (Long et al., 2017; Wang and Chang, 2011). We focused on 

CCEPR because its expression has been analyzed in detail in cervical carcinoma tissue and 

expression was shown to increase during cervical cancer development correlate with tumor 

size (Chen et al., 2017). However, it was not known whether increased CCEPR expression 

was a direct consequence of HPV E6 and/or E7 expression. Here, we show that HPV16 

E6/E7 expression in primary human foreskin keratinocytes causes increased CCEPR 

expression to levels that are similar to those detected in HPV16 positive CaSki cervical 

carcinoma cells. Moreover, we show that the HPV16 E6 oncoprotein is the major driver of 

CCEPR expression. CCEPR levels were even higher in E6/E7 expressing cells, suggesting 

that E7 may further enhance CCEPR levels, although we cannot rule out that E6 expression 

may be higher in the E6/E7 co-expressing HFKs. The finding that the HPV negative C33A 

cervical carcinoma cell line also highly expresses CCEPR is consistent with the model that 

the pathway targeted by HPV16 E6 that triggers increased CCEPR expression may also be 

defective, presumably by mutation, in the HPV negative C33A cervical carcinoma line and 

presumably other in other HPV negative cancers, including hepatocellular and urothelial 

bladder carcinomas that have also been reported to highly express CCEPR. Given that the 

TP53 tumor suppressor is a major cellular target of the cancer associated HPV E6 proteins 

that TP53 is mutated in C33A cells as well as many other cancers including and 

hepatocellular and urothelial bladder carcinomas, we hypothesized that HPV16 E6 my drive 

CCEPR expression via TP53 inactivation. Somewhat surprisingly, we found that expression 

of a dominant negative TP53 mutant that inactivates TP53 by forming non-functional 

tetramers (Gottlieb et al., 1994), decreased rather than increased CCEPR expression. Hence, 

HPV16 E6 drives CCEPR expression through a pathway that not directly dependent on 

TP53, but that this pathway may also be dysfunctional in HPV negative cancers.
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CCEPR has been reported to bind to and stabilize PCNA mRNA thereby regulating 

proliferation (Yang et al., 2015). Consistent with this study, we observed that CCEPR 

depletion not only inhibits the viability of HPV18 positive HeLa but also of HPV16 positive 

CaSki, and HPV negative C33A cervical cancer cell lines, whereas overexpressing CCEPR 

enhanced viability of these cell lines. Viability measurements reflected changes in cell 

numbers, indicating that CCEPR can modulate cell proliferation, which supports the 

previously described pro-proliferative role of CCEPR in cervical cancer cell lines. In 

contrast, however, our results did not provide any evidence for a correlation between CCEPR 

and PCNA mRNA levels as was noted previously (Yang et al., 2015). Indeed, and as 

expected and presumably as a consequence of E2F transcription factor activation (Cheng et 

al., 1995), high-level PCNA mRNA expression in HPV16 E6/E7 expressing cells was 

mostly driven by E7, which did not increase CCEPR levels. Conversely, whereas HPV16 E6 

expression in HFKs increased CCEPR levels, it did not cause an increase in PCNA mRNA 

levels. Similarly, expression of the dominant negative TP53 mutant, while decreasing 

CCEPR levels did not affect PCNA mRNA levels. Furthermore, perturbation of CCEPR 

expression in cervical cancer cell lines did not cause consistent, opposite alterations in 

PCNA mRNA levels. Hence, PCNA mRNA stabilization is not be the primary mechanism 

by which CCEPR modulates cellular viability and proliferation. It will be interesting to 

determine the molecular mechanisms by which CCEPR modulates cellular viability.

The subcellular localization can give important hints regarding the biological activity of a 

given lncRNA (Chen, 2016; Fatica and Bozzoni, 2014; Zhang et al., 2014). We determined 

that CCEPR was predominantly nuclear. Prevailing models suggest that binding and altering 

the stability of cognate mRNA partners is mostly achieved by cytoplasmic lncRNAs, 

whereas nuclear lncRNAs often play roles in nuclear organization, epigenetic regulation of 

gene expression or alternative splicing (Long et al., 2017; Wang and Chang, 2011). Hence it 

is likely that CCEPR primarily functions in the nucleus by interacting with proteins, 

chromatin and/or RNA, rather than by modulating PCNA mRNA levels in the cytoplasm. 

One important future endeavor will be to identify the molecular targets of CCEPR to 

understand its mechanism of action. The study of lncRNAs in human diseases including 

cancer is an emerging field with enormous, largely untapped potential as these molecules 

may not just be cancer biomarkers but represent novel targets for drug development (Vitiello 

et al., 2015).
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Highlights

• The human papillomavirus E6 protein drives expression of the cervical 

carcinoma expressed PCNA regulatory (CCEPR) long noncoding RNA 

(lncRNA).

• CCEPR induction is independent of TP53 inactivation

• CCEPR regulates cellular proliferation

• CCEPR levels do not correlate with PCNA levels
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Figure 1. 
CCEPR levels as determined by qRT-PCR in HFKs with stable co-expression of HPV16 

E6/E7, individual expression of HPV16 E7, HPV16 E6 or a dominant negative TP53 

minigene (dnp53) (A). Results are expressed relative to control vector transduced HFKs 

(Ctrl). Means ± SEM calculated from a single representative HFKs population, each 

performed in triplicate are shown. *** p<0.001 (Student’s t test). Validation of HPV16 E6 

and/or E7 and dn p53 expression in HFKs by western blot analysis of RB1 and TP53. Actin 

is shown as a loading control (B).
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Figure 2. 
CCEPR levels as determined by qRT-PCR in HPV16 E6/E7 expressing HFKs (E6/E7 HFK), 

HPV16 positive CaSki and HPV negative C33A cervical carcinoma cells. Results are 

normalized relative to control HFKs (Ctrl HFK). Means ± SEM, each performed in triplicate 

are shown. ****p<0.0001, ***p<0.001 (Student’s t test).

Sharma and Munger Page 13

Virology. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Levels of CCEPR (A) PCNA mRNA (B) as determined by qRT-PCR in HFKs with stable 

co-expression of HPV16 E6/E7, individual expression of HPV16 E7, HPV16 E6 or a 

dominant negative TP53 mutant (dn p53). Validation of TP53 inactivation in HFKs 

expressing HPV16 E6 or dn p53 by analyzing expression of the TP53 responsive CDKN1A 

(p21) levels (C). Results shown are normalized to control vector transduced HFKs (C). 

Means ± SEM calculated from each of the three independently derived HFKs populations, 

performed in triplicate are shown. Data shown in panel 1 correspond to the data shown in 

Figure 1.
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Figure 4. 
Levels of CCEPR (A) and PCNA mRNA (B) as determined by qRT-PCR in HPV16 positive 

CaSki, HPV18 positive HeLa and HPV-negative cervical cancer cell lines transiently 

transfected with two separate CCEPR shRNA vectors. RNAs were harvested at two days 

post transfection, and results are expressed relative to cells transfected with a control non-

targeting shRNA vector. Cell viability at two days post transfection was assessed by 

resazurin assays (C). Cell numbers were determined by Sulforhodamine B (SRB) protein 

stain assay at four days post transfection (D). Bars represent averages ± SEM of single 

representative experiments, each performed in triplicate. ****p<0.0001, ***p<0.001, 

**p<0.01, ns = non-significant (Student’s t test). Similar results were observed in three 

independent experiments.
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Figure 5. 
Levels of CCEPR (A) and PCNA mRNA (B) as determined by qRT- PCR in HPV16 positive 

CaSki, HPV18 positive HeLa and HPV negative C33A cervical cancer cells transiently 

transfected with either control plasmid or a full length CCEPR expression vector. RNAs 

were harvested at two days post transfection. were, and results are expressed relative to 

control vector transfected cells. Cell viability at two days post transfection was assessed by 

resazurin assays (C). Cell numbers were determined by Sulforhodamine B (SRB) protein 

stain assay at four days post transfection (D). Bars represent averages ± SEM of single 

representative experiments, each performed in triplicates. ****p<0.0001, ***p<0.001, 

**p<0.01, *p<0.05 (Student’s t test). Similar results were observed in three independent 

experiments.
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Figure 6. 
Subcellular localization of CCEPR as determined by qRT–PCR in cytoplasmic and nuclear 

fractions of the of HPV18 positive HeLa cervical carcinoma cells (A) and HPV16 E6/E7 

expressing HFKs (B). Means ± SEM, each performed in triplicate are shown. MALAT1 and 

GAPDH are used as controls. ****p<0.0001, **p<0.01 (Student’s t test). Similar results 

were also obtained with HPV16 positive CaSki cervical carcinoma cells.
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