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Identification regulatory noncoding RNAs of human papilloma 
virus type 16 (Papillomaviridae: Alphapapillomavirus: Human 
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Introduction. High carcinogenic-risk human papillomaviruses (hrHPVs) are recognized as etiological agents of 
cervical cancer. Constant expression of the viral oncoproteins, E6 and E7, is required for maintenance of the 
malignant phenotype of tumor cells. The exact mechanism of regulation of viral oncogenes expression in tumor 
cells is not fully elucidated.
The purpose: identification of viral noncoding RNAs (ncRNAs) in HPV16-positve cervical cancer.
Materials and methods. The reverse transcription polymerase chain reactions were used to detect viral ncRNAs 
in HPV16-positve primary cervical squamous cell carcinomas and SiHa and CasKi cell lines. The knockdown 
technique with oligonucleotides complementary to ncRNAs was used to elucidate their functions.
Results. We have identified ncRNAs transcribed in the upstream regulatory region of HPV16 in the cervical 
carcinoma cell lines and in 32 out 32 cervical squamous cell carcinomas with episomal or integrated forms of 
HPV16 DNA. Knockdown of sense or antisense strains of ncRNAs by oligonucleotides results in a decrease or 
increase of the E6 and E7 oncogenes mRNA levels in cells, respectively. These changes of oncogenes mRNA 
levels are accompanied by the modulation of the levels of the p53 protein, the main target of the E6 oncoprotein. 
Conclusion. The presence of regulatory ncRNAs in all examined tumors and cell lines revealed for the first time 
indicates their necessity for maintenance of constant expression of E6 and E7 oncogenes in them. The findings 
can be useful for understanding of the fundamental aspects of the viral expression regulation in HPV16-positive 
tumors. 

Keywords: human papillomaviruses; viral noncoding RNA; cervical cancer 
For citation: Kisseljova N.P., Fedorova M.D., Zaikina A.E., Elkina N.V., Goldobina E.E., Elkin D.S., Abramov P.M.,  
Pavlova L.S., Vinokurova S.V. Identification regulatory noncoding RNAs of human papilloma virus type 16 
(Papillomaviridae: Alphapapillomavirus: Human papillomavirus) in cervical tumors. Problems of Virology (Voprosy 
Virusologii). 2022; 66(3): 217–225. DOI: https://doi.org/10.36233/0507-4088-108
For correspondence: Natalia P. Kisseljova, PhD. Sci. (Biol.), principal researcher of Laboratory of Molecular 
Biology of viruses, N.N. Blokhin National Medical Research Center of Oncology, Ministry of Health of Russian 
Federation, 115478, Moscow, Russia. E-mail: natalia-kis@yandex.ru
Information about the authors:
Kisseljova N.P., https://orcid.org/0000-0003-0236-4548 
Fedorova M.D., https://orcid.org/0000-0002-8813-7516 
Zaykina A.E., https://orcid.org/0000-0002-7439-4212
Elkina N.V., https://orcid.org/0000-0002-0503-6016
Goldobina E.E., https://orcid.org/ 0000-0003-4036-3415
Elkin D.S., https://orcid.org/0000-0002-4793-6063
Abramov P.M., https://orcid.org/0000-0002-7995-3490
Pavlova L.S., https://orcid.org/0000-0003-3993-4823
Vinokurova S.V., https://orcid.org/0000-0003-1615-3928
Contribution. Kisseljova N.P. – research concept and design, experiments, data analysis and interpretation, writing –  
original draft; Fedorova M.D. – experiments, monitoring, analyzing and presenting data; Zaykina A.E., Elkina N.V., 
Goldobina E.E., Elkin D.S., Abramov P.M. – experiments; Pavlova L.S. – collection of clinical material, analysis of case 
histories; Vinokurova S.V. – Supervision, Writing – review & editing. 

*Present address: Gut Phageomics, Lab APC Microbiome Ireland, University College Cork, Ireland



218

PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2022; 67(3)
https://doi.org/10.36233/0507-4088-108

ORIGINAL RESEARCH

Funding. This work was funded by the State budget and was supported by Russian Scientific Foundation (grant 15-15-
00125).
Conflict of interest. The authors declare no conflict of interests.
Ethics approval. The research protocol was approved by the Ethics Committee of the FSBI N.N. Blokhin National Med-
ical Research Center of Oncology of the Ministry of Health of Russian Federation (Protocol dated 27.01.2022).
Received 04 March 2022
Accepted 17 May 2022
Published 30 June 2022

НАУЧНАЯ СТАТЬЯ
DOI: https://doi.org/10.36233/0507-4088-108
© КОЛЛЕКТИВ АВТОРОВ, 2022

Идентификация регуляторных некодирующих РНК вируса 
папилломы человека  типа 16 (Papillomaviridae:  
Alphapapillomavirus: Human papillomavirus) в опухолях  
шейки матки
Киселева Н.П., Федорова М.Д., Заикина А.Э., Елкина Н.В., Голдобина Е.Е*., Елкин Д.С., 
Абрамов П.М., Павлова Л.С., Винокурова С.В.

ФГБУ «Национальный медицинский исследовательский центр онкологии им. Н.Н. Блохина» Минздрава России, 
115478, Москва, Россия

Введение. Вирусы папиллом человека (ВПЧ) высокого канцерогенного риска признаны этиологическими 
агентами рака шейки матки. Постоянная экспрессия вирусных онкобелков Е6 и Е7 необходима для поддер-
жания злокачественного фенотипа опухолевых клеток. Точный механизм регуляции экспрессии вирусных 
онкогенов в опухолевых клетках до конца не выяснен.
Цель работы – идентификация вирусных некодирующих РНК (нкРНК) при ВПЧ16-положительном раке шей-
ки матки.
Материалы и методы. Для обнаружения вирусных нкРНК в ВПЧ16-положительных первичных плоскокле-
точных карциномах шейки матки и клеточных линиях SiHa и CasKi использовали полимеразную цепную 
реакция с обратной транскрипцией. Для выяснения функций нкРНК использовали метод нокдауна с олиго-
нуклеотидами, комплементарными нкРНК.
Результаты. Мы идентифицировали нкРНК, транскрибируемые в регуляторной области  ВПЧ16, в кле-
точных линиях и в 32 из 32 плоскоклеточных карцином шейки матки с эписомальной или интегративной 
формами вирусной ДНК. Нокдаун смысловых или антисмысловых цепей нкРНК приводит к снижению или 
увеличению уровней мРНК онкогенов Е6 и Е7 в клетках соответственно. Эти изменения уровней мРНК он-
когенов сопровождаются модуляцией уровней белка р53, основной мишени онкобелка Е6.
Заключение. Присутствие впервые выявленных регуляторных нкРНК во всех исследованных опухолях и 
клеточных линиях свидетельствует об их необходимости для поддержания в них постоянной экспрессии 
онкогенов Е6 и Е7. Полученные данные могут быть полезны для понимания фундаментальных аспектов 
регуляции экспрессии вируса в ВПЧ16-позитивных опухолях. 

Ключевые слова: вирусы папиллом человека; вирусные некодирующие РНК; рак шейки матки
Для цитирования: Киселева Н.П., Федорова М.Д., Заикина А.Э., Елкина Н.В., Голдобина Е.Е., Елкин Д.С., 
Абрамов П.М., Павлова Л.С., Винокурова С.В. Идентификация регуляторных некодирующих РНК вируса 
папилломы человека типа 16 (Papillomaviridae: Alphapapillomavirus: Human papillomavirus 16) в опухолях 
шейки матки. Вопросы вирусологии. 2022; 66(3): 217–225. DOI: https://doi.org/10.36233/0507-4088-108
Для корреспонденции: Киселева Наталия Петровна, канд. биол. наук, ведущий научный сотрудник ла-
боратории молекулярной биологии вирусов ФБГУ «Национальный медицинский исследовательский центр 
онкологии имени Н.Н. Блохина» Минздрава России, 115478, Москва, Россия. E-mail: natalia-kis@yandex.ru

Участие авторов: Киселева Н.П. – концепция и дизайн исследования, проведение экспериментов, анализ и 
интерпретация данных, подготовка текста; Федорова М.Д. – проведение экспериментов, контроль, анализ и 
представление данных; Заикина А.Э., Елкина Н.В., Голдобина Е.Е., Елкин Д.С., Абрамов П.М. – проведение 
экспериментов; Павлова Л.С. – сбор клинического материала, анализ историй болезни; Винокурова С.В. – об-
суждение и интерпретация результатов, консультативная помощь, редактирование текста, утверждение окон-
чательной версии статьи.

*Настоящий адрес: Gut Phageomics, Lab APC Microbiome Ireland, University College Cork, Ireland



ВОПРОСЫ ВИРУСОЛОГИИ. 2022; 67(3)
https://doi.org/10.36233/0507-4088-108

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

219

Финансирование. Исследование выполнено за счет Государственного бюджета и поддержано грантом РФФИ 
(грант 15-15-00125).
Конфликт интересов. Авторы заявляют об отсутствии конфликта интересов.
Этическое утверждение. Исследование проводилось при информированном согласии пациентов. Протокол ис-
следования одобрен Этическим комитетом ФБГУ НМИЦ онкологии им. Н.Н. Блохина (Протокол от 27.01.2022.). 
Поступила 04.03.2022
Принята в печать 17.05.2022
Опубликована 30.06.2022

Introduction
Infection with human papillomaviruses is one of 

the most common in the world [1]. HPVs of high-
carcinogenic risk (hrHPVs) are considered to be the 
etiological agents of the majority of tumors of the cervix, 
subset of the tumors of the vagina, vulva, anus, penis, 
and oropharynx. About 70% of hrHPV-associated tumors 
are caused by HPV types 16, 18 [2, 3]. Cervical cancer 
has a viral etiology in more than 95% of cases and is 
the second most common cause of death in women in 
the world [3]. Despite the fact that several preventive 
vaccines against HPV infection are currently certified, the 
study of HPV remains a crucial task due to the following 
circumstances: 1) existing vaccines have been developed 
against not all types of hrHPV; 2) vaccines prevent HPV 
infection, but are not curative for infected patients and 
tumor carriers; 3) there are no effective medication 
methods for treating HPV infection, the elimination of 
which is the basis for the prevention of HPV-associated 
tumors.

The HPV genome is presented by circular double-
stranded DNA. DNA encodes early (E) and late (L) genes 
whose the order and levels of expression are tightly 
regulated in a productive life cycle. Protein products 
of two genes, E6 and E7, interacting with regulators of 
the cell cycle, play a key role in the provision of the 
viral genomes amplification in differentiating epithelial 
cells and in the cell cycle deregulation during malignant 
transformation [4]. It has been shown in primary cultures 
of cervical carcinomas and in cell lines that constant 
expression of the E6 and E7 oncogenes is necessary 
for the maintenance of the transformed cell phenotype. 
Suppression of E6 and E7 expression by various 
methods leads to cancer cell aging and/or activation 
of apoptosis in them [5–8]. In this regard, studies of 
the mechanisms that regulate the expression of the E6 
and E7 oncogenes are important for understanding the 
mechanisms of malignant transformation and search of 
antitumor therapy targets.

Currently it is known that up to 99% of the mammali-
an genome is transcribed in different cells forming short 
and long noncoding RNAs (ncRNAs) that lack of open 
reading frames. In addition to well-known housekeeping 
ncRNAs (transfer RNAs, ribosomal RNAs, telomerase 
RNA, etc.) regulatory ncRNAs that are involved in the 
regulation of different cell processes, including epigene-
tic control, gene transcription and translation, have been 
identified [9]. Since viruses use cellular systems for tran-
scription, processing, and functioning of their mRNAs, 
it is obvious that viral noncoding RNAs could also exist. 
This suggestion is currently confirmed for two oncogenic  

viruses, EBV (Herpesviridae: Gammaherpesvirinae: 
Lymphocryptovirus: Human gammaherpesvirus 4) and 
KSHV (Herpesviridae: Gammaherpesvirinae: Rhadino-
virus: Human gammaherpesvirus 8). Viral ncRNAs are 
transcribed from polymerase III or polymerase II promot-
ers and some can be polyadenylated [10, 11]. ncRNAs 
of these viruses play significant roles in viral genes tran-
scription regulation, viral life cycles and pathogenesis 
(including cancer).

In this study, the sense and antisense transcripts 
overlapping nearly 600 bp of the HPV16 upstream 
regulatory region (URR) were identified in cervical 
carcinoma cell lines and primary tumors. These transcripts 
take part in regulation of E6 and E7 oncogenes expression. 
There are no published data that viral noncoding RNAs 
are present in hrHPV-associated tumors.

Materials and methods
Clinical samples

Samples of squamous cell carcinomas (SCC) of the 
cervix were obtained in the pathology department, from 
patients attending the N.N. Blokhin National Medical 
Research Center of Oncology under the approval of 
the Ethical Board of the Center. The physical state of 
the HPV16 genomes was determined using the APOT 
(amplification of papillomavirus oncogene transcripts), 
the assay that differentiates episome-derived transcripts 
from integrated-derived transcripts of HPV early genes. 
The presence of HPV episomes in samples was con-
firmed by PCR with the primers specific to full-size E1 
and E2 genes [12, 13].

Cell lines
The human cervical cancer cell lines SiHa and CasKi 

(American Type Culture Collection, Rockville, MD, 
USA) were cultured in DMEM with 10% fetal bovine 
serum (FBS), penicillin, streptomycin, and L-glutamine 
in a CO2 incubator at 5% CO2 and 37°C. The SiHa cells 
contain the genome of HPV16 integrated into the cell 
genome (2 copies per cell) [14]. The CasKi cells contain 
more than 600 copies of the HPV16 genome integrated 
at 11 sites of different chromosomes in the form of head-
to-tail tandem repeats [15].

RNA isolation
Total RNA was isolated from frozen tumor tissues 

using the PureLink RNA Mini Kit (Thermo Fisher 
Scientific, USA) according to the company’s protocol. 
The concentration of total RNA was determined by 
RNA-specific fluorescence on a Qubit 2.0 fluorometer 
(Invitrogen, USA).
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Reverse transcription polymerase chain reaction (RT-PCR)
To eliminate possible DNA contamination total 

RNA was treated with DNase (Deoxyribonuclease I 
Amplification Grade, Invitrogen, USA) as recommended 
by the supplier. RNA was reverse transcribed (RT reaction) 
using random hexamers (Litex, RF) or Random (10)  
(Evrogen, RF) and the reverse transcriptase (Super 
Script III RT, Invitrogen, USA) according to the protocol 
of the suppliers. To control the complete removal of 
DNA, a reaction was carried out without adding reverse 
transcriptase for each RNA sample in parallel (−RT 
reaction). To analyze the direction of transcription, 
the RT reaction was carried out with primers specific 
to 1) sense strand R1 – 5’-GGT TGA AGC TAC AAA 
ATG G (7,452 bp); R2 – 5’-AGT GCA GTG TAA AAA 
ACA ATG G (7,617 bp), and 2) antisense strand F1 – 5’-
AGT TTT CTG CAG ACC TAG ATC AG (6,997 bp), 
F2 – 5’ CCT ACT AAT TGT GTT GTG GTT A (7,340 
bp). Primers positions here and further are indicated 
according to HPV16 AF125673 (GenBank). To control 
the self-priming of RNA (the ability of RTases to initiate 
cDNA synthesis in the absence of exogenous primers 
from the double-stranded RNA structure formed at 
the 3’ end [16]), the additional reactions were carried 
out without adding a primer. If RNA self-priming was 
detected, to prevent the amplification of such cDNA 
in PCR, a sequence-specific primer combined with an 
adapter (3’-TGC TAC AGC TGA GCT CAG G-5’) at 
the 5’-end was used in RT reaction and the adapter as a 
reverse primer was used in PCR.

The quality and quantity of cDNA were evaluated using 
PCR with primers to the «housekeeping genes»: HPRT F –  
5’-CTG GAT TAC ATC AAA GCA CTG; R – 5’-GGA 
TTA TAC TGC CTG ACC AAG (Тan 60°С); GAPDH F –  
5’-ACC AGC CCC AGC AAG AGC ACA AG; R – 5’-
TTC AAG GGG TCT ACA TGG CAA CTG (Тan 60°С); 
β-globine F – 5’-GGT TGG CCA ATC TAC TCC CAG 
G; R – 5’-CCA CTT CAT CCA CGT TCA CC (Тan 55°С). 
The composition of HPV-specific primers for all regions 
of URR and PCR conditions are available on request. Vi-
rus-specific PCR products were analyzed by agarose gel 
electrophoresis, purified and sequenced to confirm their 
identity.

Determination of the number of ncRNA copies
The number of copies of HPV 16 transcripts in two 

regions (URR 7,340–7,452 bp and early genes (99–226 
bp) was determined by real-time RT PCR, using cDNA 
synthesized with random primers and primers and probes 
for PCR as follows:

for URR 7,340–7,452 bp, F – 5’-CCT ACT AAT TGT 
GTT GTG GTT A,

R – 5’-GGT TGA AGC TAC AAA ATG G,
TaqMan probe FAM-ACT ATA TTT GCT ACA TCC 

TGT TTT TGT-BHQ1, Тan 54°С;
for HPV early genes region 99–226 bp, F – 5’-CTG 

CAA TGT TTC AGG ACC CAC-3’,
R – 5’ CTC CAC GTC GCA GTA ACT GTT G-3’,
TaqMan probe FAM-ACT TGT ACG TTT CCT GCT 

TGC CAT-BHQ1, Тan 63°С.

The copy number of two types of transcripts in a sample 
was determined in triplicates using the standard curves 
constructed for each experiment with serial dilutions of 
DNA of SiHa cells (2 copies of the HPV16 genome per 
cell) [14]. The number of HPV16 specific copies was 
calculated per 1 ng of initial total RNA.

Transfection of cells with oligonucleotides
Oligonucleotides (ONs) were transfected with 

siLentFect Lipid Reagent (Bio-Rad Laboratories, USA) 
during 48 h according to protocol suggested by the 
manufacturer. It is known, that ONs function effectively 
through endogenous RNA interference pathways [17]. 
Cocktails of 4 ONs complementary to the sense or 
antisense strands were separately transfected in three 
independent experiments with 3 repeats in each of them. 
Nucleotide sequences and positions of ONs in the HPV16 
genome were as follows:

7331s – 5’-GUU UCA ACA CCU ACU AAU UGU; 
7331as – 5’-ACA AUU AGU AGG UGU UGA AAC; 
7548s – 5’-AUG CGU GCC AAA UCC CUG UUU; 
7548as – 5’-AAA CAG GGA UUU GGC ACG CAU; 
7500s – 5’-GUU CUA UGU CAG CAA CUA UA; 
7500as – 5’-UAU AGU UGC UGA CAU AGA AC; 
7583s – 5’-GCU UGC CAA CCA UUC CAU UGU U; 
7583as – 5’-AAC AAU GGA AUG GUU GGC AAG 

C;
s – oligonucleotide is a copy of the sense chain, and the 

as – oligonucleotide is a copy of the antisense chain.

Western blot 
Proteins were extracted using a RIPA buffer with the 

EDTA-free Protease Inhibitor Cocktail (Roche, Germany). 
Protein lysates were resolved on a 7% PAGE/SDS 
and were transferred onto Hybond-ECL nitrocellulose 
membrane (GE Healthcare/Life Sciences, USA) using a 
Trans-Blot Turbo Transfer System (Bio-Rad Laboratories, 
USA). The membrane was blocked in 5% skim milk in 
TBST buffer for 1 hr at room temperature, was incubated 
with p53 monoclonal antibodies at a titer of 1 : 200 (DO-
1, MA5-12571, ThermoFisher Scientific, USA) at 4°C 
overnight or with GAPDH loading control antibodies 
(GA1R, MA5-15738, ThermoFisher Scientific, USA) at 
a titer of 1 : 5,000, and then was probed with secondary 
goat antibodies to mouse immunoglobulins conjugated 
to horseradish peroxidase (Bio-Rad Laboratories, USA) 
at a titer of 1:5,000 for 2 hrs. The protein bands were 
visualized with Clarity™ Western ECL Substrate (Bio-
Rad Laboratories, USA) according to the manufacturer’s 
instructions. 

Results

Analysis of RNA transcribed in the HPV16 URR
The search for ncRNA was carried out by reverse 

transcription followed by PCR (RT-PCR) in the URR 
(Fig. 1 a).

The URR contains early genes promoter, the enhancer, 
the origin of replication, the site polyadenylation for 
late genes, recognition sites for both cellular and viral 
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transcription factors and does not contain open reading 
frames for proteins [18]. To search for potential ncRNAs, 
we used two cell lines of cervical SCC, SiHa and CasKi, 
which harbor HPV16 DNAs integrated in cell genome 
[14, 15]. Given that the number of copies of known 
ncRNAs per cell is much lower than that of mRNAs and 
not all of them have polyadenilation signal not oligo-dT 
primers but random ones are used for the synthesis of 
cDNA in these experiments [19]. After cDNA synthesis 
from total RNA in the RT reaction, a series of PCRs 

was performed in such a way that the PCR products 
covered the entire URR and part of the adjacent reading 
frames for the late L1 gene and early genes (including 
the oncogenes E6 and E7). PCR products were found 
throughout the URR (Fig. 1 b, c). The results indicate 
the existence of transcripts in this HPV16 region in both 
cell lines. The detected transcripts are not physically 
connected with mRNA of early genes, as evidenced by 
the absence of PCR products in the region 7,889–172 
bp. Thus, transcripts were found in HPV16 URR.

Fig. 1. Analysis of transcription in the HPV 16 URR by RT-PCR. a: solid line – scheme of the HPV16 URR, located between the late gene L1 
and the early genes E6/E7; the positions of the oligonucleotides used for knockdown ncRNAs are marked with asterisks; broken arrows – the 
start of transcription of early genes [13]; vertical line – the beginning (1 bp) and end (7,904 bp) points of the nucleotide count in the HPV16 

circular genome; ORF L1 – the end of the open reading frame of the L1 viral protein; polyA – the signal of polyadenylation of late genes. The 
black rectangles under solid line – transcripts of early and late genes; gray rectangles – RT-PCR products were detected; white rectangles – 

RT-PCR products were absent; the numbers inside the rectangles – the positions of forward (F) and reverse (R) primers (bp) according to the 
HPV16 AF125673 (GenBank) sequence; b–d – electrophoregrams of PCR products: b – SiHa cells; c – CasKi cells; d –  cervical tumors. [RT+] 
and [RT−] – cDNA synthesis was performed in the presence and absence of reverse transcriptase, respectively; [K+] – PCR with HPV16 DNA 

(positive control for PCR); [K−] – H2O instead of the DNA (control for contamination of PCR reagents); M – 100 bp ladder.
Рис. 1. Анализ транскрипции в районе URR ВПЧ16 методом ОТ-ПЦР. а: сплошная линия – схема URR ВПЧ16, расположенного 

между поздним геном L1 и ранними генами E6/Е7; позиции олигонуклеотидов, использованных для нокдауна нкРНК, обозначены 
звёздочками; изогнутые стрелки – старты транскрипции ранних генов [13]; вертикальная черта – точка начала (1 п.н.) и конца 

отсчёта (7904 п.н.) нуклеотидов в кольцевом геноме ВПЧ16; ORF L1 – конец рамки считывания вирусного белка L1; polyA – сигнал 
полиаденилирования РНК поздних генов; чёрные прямоугольники под сплошной линией – транскрипты поздних и ранних генов; 

серые прямоугольники – продукты ОТ-ПЦР обнаружены; белые прямоугольники – продукты ОТ-ПЦР отсутствуют; цифры внутри 
прямоугольников – позиции прямого (F) и обратного (R) праймеров (п.н.) согласно сиквенсу ВПЧ16 AF125673 (GenBank); б–д – 
электрофореграммы продуктов ПЦР: б – клетки SiHa; в – клетки CasKi; г – клетки опухоли шейки матки. [RT+] и [RT−] – синтез 
кДНК проведён в присутствии и отсутствии обратной транскриптазы соответственно; [К+] – ПЦР с ДНК ВПЧ16 (позитивный 

контроль ПЦР); [К−] – Н2О вместо ДНК-матрицы (контроль на контаминацию реактивов ПЦР); М – маркер, 100 п.н.
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Analysis of the direction of transcription in the HPV16 
URR

The HPV16 URR contains an enhancer (position 7529–
7752 bp) [20]. It is known that a number of enhancers 
are characterized by transcription of ncRNA in 
two directions [21]. In this regard, the direction of 
transcription in the URR of SiHa cells was investigated. 
The cDNA synthesis was carried out with virus-specific 
primers complementary to the sense or antisense DNA 
strand for this purpose. The primers were located in two 
different regions of the URR to increase the sensitivity of 

the analysis, given the low copy number of the putative 
ncRNAs (Fig. 2).

As follows from the results presented in Figs. 2 b and 
c, there are both the sense and antisense transcripts in the 
URR from 6997 up to 7617 bp. The starts of transcription 
are located between 6947 and 6997 bp for the sense 
strand, and between 7617 and 7709 bp for the antisense 
strand. Thus, the lengths of transcripts are at least 620 bp, 
and therefore, these ncRNAs may be classified as long 
noncoding RNAs (lncRNAs). These data confirm the 
absence of a physical connection between the URR 

Fig. 2. Analysis of the transcription direction in the HPV16 URR of SiHa cells by RT-PCR. a: the solid line is a scheme of the HPV16 URR, 
designations like in legend of Fig. 1 a. F1, F2 and R1, R2 are gene-specific primers for cDNA synthesis on the antisense and sense chains, 

respectively; b, c – analysis of the products of RT-PCR by electrophoresis in agarose gel. [RT+] and [RT−] – cDNA synthesis was performed 
in the presence and absence of reverse transcriptase, respectively; [K+] – PCR with DNA of SiHа (positive control for PCR); [K−] – H2O 
instead of cDNA (control for contamination of PCR reagents); [Pr−] – cDNA synthesis was performed without primers (control for RNA 
self-priming), adaptor – see «Material and methods»; numbers are the positions of all elements (bp) according to the HPV16 AF125673 

(GenBank) sequence; M – marker, 100 bp ladder. The oval indicates the position of the PCR product in the gel.
Рис. 2. Анализ направления транскрипции в URR ВПЧ16 методом ОТ-ПЦР в клетках SiHa. а: сплошная линия – схема URR 

ВПЧ16, обозначения как в подписи к рис. 1, а. F1, F2 и R1, R2 – генспецифические праймеры для синтеза кДНК с антисмысловой 
и смысловой цепей соответственно; б, в – анализ продуктов ОТ-ПЦР методом электрофореза в агарозном геле. [RT+] и [RT−] – 

синтез кДНК проведён в присутствии и отсутствии обратной транскриптазы соответственно; [К+] – ПЦР с ДНК SiHа (позитивный 
контроль ПЦР); [К−] – Н2О вместо ДНК-матрицы (контроль на контаминацию реактивов ПЦР); [Pr−] – ПЦР без праймеров 

(контроль на самопраймирование РНК), адаптор – см. раздел «Материалы и методы»; цифры – позиции всех элементов в п.н. 
согласно сиквенсу ВПЧ16 AF125673 (GenBank); М – маркер, 100 п.н. Овал указывает позицию продукта ПЦР в геле.

а/а

b/б
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transcripts and mRNAs of late and early genes. Thus, 
bidirectional transcription has been shown in the HPV16 
URR region.

Regulation of the expression of HPV16 early genes by 
noncoding RNAs

To elucidate the functions of ncRNA, the knockdown 
technique was used – the suppression of transcripts at 
the posttranscriptional level by transfection of ONs 
complementary to the sense or antisense strands of 
ncRNAs [17]. The ONs positions used for knockdown 
are marked with asterisks (Fig. 1 a). First, the significant 
decrease in the total level of the ncRNAs by 40–50% was 
determined in SiHa cells after transient transfections with 
cocktails of ONs complementary to each of the strands 
(Fig. 3 c).

Further, the mRNA levels of early genes were 
determined (Fig. 3 a, b). Transfection of the ONs 
complementary to the antisense transcripts results in a 

statistically significant increase in the number of E6/E7 
transcripts in cells, i.e., it can be assumed that the URR 
antisense transcript is a negative regulator of mRNA 
levels of early genes. When the ONs complementary to 
the sense transcript were transfected in cells, a decrease 
in the level of E6/E7 transcripts was revealed, suggesting 
that the sense transcript is a positive regulator of the 
expression of early genes. Thus, it has been shown that 
noncoding RNAs transcribed in URR are involved in the 
regulation of the mRNA levels of early HPV16 genes 
(including E6 and E7 oncogenes).

Next, to confirm that knockdown of ncRNAs with ON 
leads not only to the change of expression but also affects 
the viral oncoproteins activity, the p53 protein status has 
been evaluated in ON-transfected SiHa cells. The p53 
protein is one of the key tumor suppressors and the cell 
cycle inhibitors in mammalian cells and the main target 
of the E6 oncoproteins. Binding of E6 to p53 leads to p53 
proteasomal degradation [22], on the contrary E6 silencing 

Fig. 3. Effect of ncRNA knockdown on the expression and activity of early HPV 16 genes in SiHa cells. a: the solid line is a scheme of the 
HPV16 early genes region (designations like in legend of Fig. 1); mRNA splicing variants are indicated by a bold line for exons and a thin 

line for introns, the coding potential of each variant is indicated on the right; the small gray rectangle – the position of examined mRNA 
region; numbers are the positions of all elements (bp) according to the HPV16 AF125673 (GenBank) sequence; S – transfection with the 
cocktail of oligonucleotides complementary to the sense chain of ncRNA; AS – transfection with the cocktail of oligonucleotides comple-

mentary to the antisense chain of ncRNA; Control – transfection without the addition of oligonucleotides, cDNA synthesized with hexamers; 
b, c – HPV16 RNA levels normalized regarding to the mRNA of the HPRT gene are indicated on the ordinate axis; b – the mRNA levels of 
the early genes; c – the levels of ncRNA. Statistical data – a paired t-test (the GraphPad Prism program, v.7.00); d – western blot analysis of 
p53 expression in cells. А typical transfection result is presented. GAPDH is a control of protein loading; the numbers over the blots indicate 

normalized p53 protein levels in relation to the control as percentage (calculated by Image Studio Lite Software, v.5.2.).
Рис. 3. Влияние нокдауна нкРНК на уровень мРНК и активность ранних генов ВПЧ16 в клетках SiHa. а: сплошная линия – схе-

ма участка генома ВПЧ16 с ранними генами (обозначения как в подписи к рис. 1); варианты сплайсинга мРНК обозначены 
жирной чертой для экзонов, тонкой чертой для интронов, справа обзначен кодирующий потенциал каждого варианта; малый 

серый прямоугольник – позиция исследуемого района мРНК; цифры – позиции всех элементов в п.н. согласно сиквенсу ВПЧ16 
AF125673 (GenBank); S – трансфекция коктейлями олигонуклеотидов, комплементарными к смысловой цепи нкРНК; АS – 

трансфекция коктейлями олигонуклеотидов, комплементарными к антисмысловой цепи нкРНК; К – трансфекция без добавления 
олигонуклеотидов, кДНК синтезирована с гексапраймерами; б, в – на оси ординат указаны уровни РНК ВПЧ16, нормализованные 
по отношению к мРНК гена HPRT; б – уровень мРНК суммарного транскрипта ранних генов; в – уровень нкРНК. Статистическая 
обработка данных проведена в программе GraphPad Prism v.7.00 с помощью парного t-теста; г – анализ экспрессии р53 методом 
вестерн-блоттинга. Представлен типичный результат трансфекции. GAPDH – контроль белковой нагрузки; цифры над блоттом – 
нормализованные уровни белка р53 по отношению к контролю в процентах (рассчитано по программе Image Studio Lite v.5.2.).
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induces accumulation of cellular p53 and reactivation of 
the dormant tumor suppressor pathway [5].

Knockdown of the sense URR transcripts that 
results in down-regulation of E6/E7 transcription is 
accompanied by an increase in the levels of p53 protein 
(Fig. 3 d). Knockdown of the antisense URR transcripts 
and activation of E6/E7 transcription reduces the p53 
protein level. These results demonstrate that treatment 
of cells with ONs complementary either to the sense or 
antisense URR transcripts induces the expected changes 
in the levels of cellular target of viral oncogene.

The data indicate that noncoding RNAs transcribed in 
the HPV16 URR participate in the regulation of E6 and 
E7 expression.

Detection of HPV16 ncRNAs in clinical samples of SCC
The HPV16 genome is integrated into the cell genome 

in the SiHa and CasKi cells that reflects only one of 
the variants of the physical state of the viral genome 
in tumors. HPV DNA can be present in three forms in 
tumor cells: 1) integrative, 2) episomal, and 3) mixed 
[23]. The viral genome is influenced by the integration 
site (active or inactive chromatin, formation of chimeric 
transcripts using promoters and polyadenylation signals 
of cellular genes, etc.). In this regard, URR transcription 
was studied in clinical samples of SCC of the cervix with 
a known physical state of HPV16 DNA (Fig. 1 d, the 
typical results of RT-PCR for two different URR sites are 
presented). URR transcripts were detected in 32 out of 
the 32 samples of SCC, regardless of the forms of HPV16 
DNA persistence (Table).

Taking into account influence of sites of integration on 
viral genes expression and to confirm the simultaneous 
presence of E6/E7 ncRNAs and mRNA we quantified 
both types of RNAs on a small set of clinical samples by 
RT-PCR (Fig. 4).

The levels of early genes mRNAs were determined in the 
region where all known transcripts with E6 and E7 coding 
potentials may be measured (Fig. 3 a). Simultaneous 
presence of both types of RNAs were revealed in all 
examined groups of tumors with episomal (4 samples), 
integrative (4 samples), and mixed (ep + int, 3 samples) 
forms of HPV16 DNA. The number of both transcripts 
varies widely from sample to sample, that, in particular, 
may be the result of different numbers of active DNA 

copies in the cells and different percentages of tumor cells 
in the samples. As expected, the number of transcript 
copies in the URR is tens and thousands of times less than 
that of the mRNA of early genes. The value of mRNA/
ncRNA ratio is unique for each sample that indicates on 
independent regulation of expression of two regions of 
HPV16. Thus, the presence of HPV 16 ncRNA in primary 
cervical tumors was shown for the first time.

Discussion
This work has shown the existence of non-coding 

RNAs that are bidirectionally transcribed in the 
regulatory region of HPV16 in the cell lines and primary 
cervical carcinomas. The detected ncRNAs can modulate 
the expression levels and activity of HPV oncoproteins. 
Increased E6 and E7 expression compared to their 
expression in infected epithelium during the normal life 
cycle of HPV is necessary for the emergence and existence 
of a tumor [3]. The presence of ncRNAs not only in the 
cell lines, but also in all HPV16-positive clinical samples 
of cervical SCC, indicates their necessity for maintenance 
of E6 and E7 oncogenes expression and the existence 
of tumors. This is a natural feature of HPV16-positive 
tumors. Thus, for the first time the presence of hrHPV 
ncRNAs with regulatory function has been shown in 
primary cervical tumors.

In contrast to miRNAs, it has not yet been possible to 
identify the general mechanism of action of lncRNAs. 
It is known that lncRNAs can act through cis or trans 
mechanisms. Cis-acting lncRNAs regulate the gene 
expression of genes located close to their own transcription 
sites. Detection of ncRNAs in cervical SCC samples with 
an episomal form of HPV DNA persistence indicates their 
cis-acting potential in expression regulation. It can be 
assumed that ncRNAs function during the virus life cycle 
when only viral episome persists in cells to fine-tune the 
expression of early genes to the different stage of the 
epithelial cells differentiation [4]. The exact mechanism 
of action of HPV16 ncRNAs remains to be determined.

Recently, sense and antisense transcripts were deter-
mined in the URR HPV18 in cell cultures [24]. The au-
thors showed that the sense transcript continues in the re-
gion of the E6 gene and, therefore, contains open reading 
frames for proteins and is a mRNA with a long untrans-
lated region at the 5’ end. It was shown that this RNA are 

Table. Analysis of HPV16 ncRNAs expression in the cervical tumors by RT-PCR
Таблица. Анализ экспрессии нкРНК ВПЧ16 в образцах опухолей шейки матки методом ОТ-ПЦР

Form of HPV16 genome in a samples
Форма  генома ВПЧ 16 в образце

Number of samples
Число образцов

Number of positive samples
Число позитивных образцов 

Episomal
Эписомальная

17 17

Integrative
Интегративная

12 12

Mixed (episomal + integrative)
Смешанная (эписомальная + интегративная)

3 3

Total
Всего

32 32 (100%)
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involved in the regulation of the levels of early HPV18 
genes expression. The existence of low-copy mRNAs 
with a long 5’ untranslated sequence that overlaps the 
promoter was shown for cellular genes (NF-κB, cyclinD1, 
etc.) [25]. 5’ untranslated promoter-associated parts of 
these cellular mRNAs are necessary for epigenetic sup-
pression of transcription of these genes, i.e., such a mech-
anism of transcription regulation exists in the eukaryotic 
cell. Thus, the two types of hrHPV are characterized by 
the presence of non-coding transcripts in the URR that 
have regulatory functions, but differ in the mechanisms of 
formation and, apparently, use different cellular mecha-
nisms of transcription regulation. Studies on ncRNAs for-
mation and activity may give novel insights on how these 
and other hrHPVs regulate infection and tumorigenesis.

Given the importance of the hrHPVs oncoprotein in 
tumorigenesis the detection of ncRNA may also have 
clinical implications. The presence of viral ncRNAs in 
cervical tumors suggests that they might be a target for 
the development of anti-viral therapies.
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