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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.
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UpeHTndmkaumsa perynatopHbix Hekoaupyrowmnx PHK Bupyca
nanunnomsbl YyenoBeka Tuna 16 (Papillomaviridae:
Alphapapillomavirus: Human papillomavirus) B onyxonsax
LLENKN MaTKH

Kucenesa H.IM., ®egoposa M.[., 3aukuna A.32., Enkuna H.B., lNongobwuHa E.E*., Enkmu [0.C.,
Ab6pawmos lN.M., MNaenosa J1.C., BuHokyposa C.B.

OIrbY «HaumoHanbHbIN MEQULMHCKUIA UCCNEeA0oBaTENBbCKUIA LEHTP oHkonornn uMm. H.H. BnoxmHa» MuHagpasa Poccun,
115478, Mockea, Poccusa

BBeneHue. Bupycbl nannnnom yenoseka (BIMY) BbICOKOro KaHLEPOreHHOro prcka npu3aHaHbl 3TMOMOrMYECKUMN
areHTamu paka ek maTtku. NocTosiHHas akcnpeccust BUPYCHbIX oHkobenkos E6 n E7 Heobxoguma anst nogaep-
XaHWA 3110Ka4eCTBEHHOrO (PEeHOTUMA OMYXONEBbLIX KMETOK. TOYHBIN MEXaHU3M PEerynsunm aKCnpeccum BUPYCHbIX
OHKOreHOB B OMyXOneBbIX KNeTkax A0 KOHLA He BbISICHEH.

Llenb pabotbl — naeHTUdmkaumsa BupycHbix Hekogupytowmnx PHK (HkPHK) npu BMY16-nonoxutensHoM pake Len-
KM MaTKu.

MaTepuanbl u metoasbl. [ns obHapyxeHus BUpycHbIX HKPHK B BIMY16-nonoxuTenbHbIX NEPBUYHBIX NIIOCKOKIE-
TOYHbIX KapuMHOMaxX LUEVKN MaTKM M KneTouHblx nuHusax SiHa n CasKi ncnonb3oBanv nonvMepasHyto LenHyo
peakumsi ¢ obpaTHo TpaHckpunuuen. Ans BoisicHeHus dyHKumin HKPHK ncnonb3oBanu meTog HoKgayHa ¢ onumro-
HyKreoTuagamu, KomnnemeHTapHbiMu HKPHK.

Pesynkratbl. Mbl naeHtudnumposanu HKPHK, TpaHckpnbupyemble B perynsitopHoi obnactu BIMY16, B kne-
TOYHBIX MUHUAX U B 32 13 32 MIOCKOKIETOYHbIX KapLMHOM LUEMKN MaTKu C 3NUCOMarnbHOW UMW UHTErpaTnBHON
¢dopmamu BupycHor [HK. HokgayH CMbICNOBBIX MW @aHTUCMBICTOBBIX Lienert HKPHK npuBoguT K CHDKEHMIO nnn
yBenuyeHuto ypoHert MPHK oHkoreHoB E6 1 E7 B kneTkax COOTBETCTBEHHO. OTW M3MeHeHusi ypoBHen MPHK oH-
KOreHOB COMPOBOXAAKTCA MOoAynsiunen yposHel 6enka p53, OCHOBHOWM MULLEHN OHKOGenka E6.

3akntoyeHue. MpucyTcTBre BnepBble BbiABNEHHbIX PerynatopHbix HKPHK BO Bcex nccnegoBaHHbIX OnyXonsax u
KINETOYHbIX JIMHWSX CBMAETENbCTBYET 06 X HeoOXoAMMOCTU ANs NoAAepXaHWs B HUX MOCTOSIHHOW dKcnpeccum
OHKoreHoB E6 n E7. lNMonyyeHHble AaHHble MOryT OblTb NONE3Hbl ANS NOHUMaHUSA PyHOAAMEHTarbHbIX acnekToB
perynsuumn akcnpeccum Bupyca B BIMY16-no3nTUBHbBIX ONyXonsx.

KnroueBble cnoBa: supychl nanuiom Yyernoseka; supycHble Hekooupyroujue PHK; pak welku mamku
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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 (£) and late (L) genes
whose the order and levels of expression are tightly
regulated in a productive life cycle. Protein products
of two genes, £6 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
KSHYV (Herpesviridae: Gammaherpesvirinae: Rhadino-
virus: Human gammaherpesvirus §). Viral ncRNAs are
transcribed from polymerase I1I or polymerase Il 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 semse 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 £6 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 £/
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 CO, incubator at 5% CO, 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
bythesupplier. RNAwasreversetranscribed (RTreaction)
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
ACAATG 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»: HPRTF —
5’-CTG GAT TAC ATC AAA GCA CTG; R - 5’-GGA
TTATAC TGC CTG ACC AAG (T, 60°C); GAPDHF —
5’-ACC AGC CCC AGC AAG AGC ACAAG; R -5-
TTC AAG GGG TCT ACA TGG CAA CTG (T, 60°C);
f-globine F — 5°-GGT TGG CCA ATC TAC TCC CAG
G; R-5-CCACTT CAT CCACGTTCACC (T 55°C).
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,

TagMan probe FAM-ACT ATA TTT GCT ACA TCC
TGT TTT TGT-BHQI, T, 54°C;

for HPV early genes region 99-226 bp, F — 5’-CTG
CAATGT TTC AGG ACC CAC-3’,

R -5 CTC CAC GTC GCA GTAACT GTT G-3°,

TagMan probe FAM-ACT TGT ACG TTT CCT GCT
TGC CAT-BHQI1, T, 63°C.
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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
G

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, MAS5-15738, 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

OPUTUHAJIbHbBIE NCCNEAOBAHUA

was performed in such a way that the PCR products
covered the entire URR and part of the adjacent reading
frames for the late L/ gene and early genes (including
the oncogenes E£6 and E7). PCR products were found
throughout the URR (Fig. 1 b, ¢). 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.

ala
L1 URR EO/ET
| ORF L1 I | poly-AI Enhancer @ P14 PO7
S
]
7185F - 7379R [ 7400F-7617R | [ 7esoF-172R |
* | 7340F - 7452R *  *x X
b/o
7185F-7379R 7340F-7452R 7499F-7617R 7889F-172R
RT+ RT- K+ M K- RT+ RT- K+ K- M RT+ RT- K+ M K- RT+ RT- K M K+
- - o
— -
- - - -
-
c/e
7185F-7379R 7340F-7452R 7499F-7617R 7889F-172R
RT+  RT- K+ M K- RT+ RT- K+ K- M _RT+ RT- K+ M K- RT-  RT+ K+ M K-
. ! —
et - —
.- -_ N —
- - -
P4 - ol i -
d/2 7185F-7379R 7499F-7617R
458T 486T 504T 506T 507T 515T 575T 5837 M K- 421T 475T 489T 516T 5237 565T 579T M K+
RT+ ! RT+ 1
- W — -— W —— -.—- -_— —_—— —
: -
RT- ! RT-
—

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 L/
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; ¢ — 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—] — H,O instead of the DNA (control for contamination of PCR reagents); M — 100 bp ladder.

Puc. 1. Anamu3 tpanckpurmuu B paiione URR BITH16 meromom OT-IILIP. a: cruonrnas muaus — cxema URR BITY16, pacnionoxeHHoro
MEXTy TT03HUM I'eHOM L] 1 paHHHMH reHaMu E6/E7; IO3ULUK OJIMTOHYKJICOTHI0B, HCIOIB30BaHHbIX /Ui HOKaayHa HKPHK, 0603HaueHb!
3BE3/10YKAMH; H30THYTHIE CTPEJIKU — CTAPTHl TPAHCKPHITIMY PAaHHUX TeHOB [ 13]; BepTukambpHas depra — Touka Hadana (1 1m.H.) 1 KoHIa
orcuéra (7904 1.H.) HyKJIeoTHI0B B KojblieBoM reHome BITU16; ORF L1 — koHen paMku cuuThiBaHus BUpycHoro Oenka L1; polyA — curnan
nonuagenunuposanus PHK nmo3aHux reHoB; u€pHble NPSIMOYTONBHUKY MO CIUIOIIHOM TMHUEH — TPAaHCKPUIITHI IIO3HUX U PAHHUX T€HOB;
cepble npsiMoyroibHUKH — npoayktsl OT-TTLP oOHapyskeHbl; Oenbie npsMoyroinbHUKN — npoayKTsl OT-TTLP oTcyTcTBYIOT; IMPBI BHYTPH
IIPSIMOYTOJIFHUKOB — no3unuu npsivoro (F)  o6paraoro (R) mpaiimepos (1.H.) cormacHo cukseHcy BITU16 AF125673 (GenBank); 6—0 —
anekrpodoperpammsl npoaykros ITIP: 6 — knetkn SiHa; ¢ — knetkn CasKi; ¢ — kiretkn onmyxonu mreiiku matku. [RT+] u [RT—] — cuntes
k/IHK mpoBenéH B mprcyTCTBUH U OTCYTCTBHH 00paTHOU TpaHCKpHITassl cootBeTcTBeHHO; [K+] — TP ¢ JIHK BITY16 (mo3utuBHbLI
xourposib ITHP); [K—] — H,0 Bmecto JIHK-marpuipt (KOHTPOJIb HAa KOHTaMUHALMIO peakThBoB [11P); M — mapkep, 100 m.H.
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Analysis of the direction of transcription in the HPV16 the analysis, given the low copy number of the putative
URR ncRNAs (Fig. 2).

The HPV 16 URR contains an enhancer (position 7529— As follows from the results presented in Figs. 2 b and
7752 bp) [20]. It is known that a number of enhancers ¢, there are both the sense and antisense transcripts in the
are characterized by transcription of ncRNA in  URRfrom 6997 up to 7617 bp. The starts of transcription
two directions [21]. In this regard, the direction of  are located between 6947 and 6997 bp for the sense
transcription in the URR of SiHa cells was investigated. ~ strand, and between 7617 and 7709 bp for the antisense
The cDNA synthesis was carried out with virus-specific ~ strand. Thus, the lengths of transcripts are at least 620 bp,
primers complementary to the sense or antisense DNA ~ and therefore, these ncRNAs may be classified as long
strand for this purpose. The primers were located in two ~ noncoding RNAs (IncRNAs). These data confirm the
different regions of the URR to increase the sensitivity of ~ absence of a physical connection between the URR

ala
L1 URR
E6/E7
ORF L1 poly-A Enhancer 7004/1
| I P14 P97
E——————
[ m—)
[ 778F-6047R | | 6997F-7124R | [ 718sF-7370R | 7499F-7617R || 7709F-
Td
7100F - 7226R 7340F - 7452R cach
R1
b/6 e N R2
6778F-694TR 6997F-7124R 7100F-7226R
RT+ RT- Pr- K+ M K- RT+ RT- K+ M K RT+ RT- KW G
| —§ = -~

R1O i O p— @ -

7499F - 7617R+adaptor

K- RT+ RT- M
R2 -—_-.
| ——
c/6 F1 >
F2
7100F-7226R 7185F-7379R
RT+ RT- Kf M K- RT+ RT- K+ M K-
F1 g
-_— C—
7499F-7617R 7709F-7846R
RT+ RT- s N RT+ RT- K M Rk
F2

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, ¢ — 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 SiHa (positive control for PCR); [K—] - H,O
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.

Puc. 2. Ananu3 nHanpasnerus Tpanckpuniui B URR BITU16 metogom OT-TILP B kietkax SiHa. a: crutomninas muans — cxema URR
BITY16, o603HaveHus Kak B moanucH K puc. 1, a. F1, F2 u R1, R2 — rencrienmnduyeckue npaiimepst st cuate3a kK AHK ¢ anTHCMBICTOBOI
Y CMBICJIOBOI IIeTiel COOTBETCTBEHHO; 6, ¢ — aHanu3 npoaykroB OT-ITLP metonom snekrpodopesa B arapo3nom rese. [RT+] u [RT—] —
cunre3 k/IHK npoBenéH B IpUCyTCTBUM U OTCYTCTBUY 00paTHOH TpaHCKpHUNTa3sl cootBeTcTBeHHO; [K+] — [P ¢ JHK SiHa (mo3nTnBHSLIH
xouTposk ITHP); [K—] — H,0 Bmecto JIHK-Marpu1ib (koHTpOb Ha KoHTaMuHalui0 peakTusoB [11IP); [Pr—] — ITLP Ge3 npaiimepos
(xoHTpONE Ha camonpaimuposanne PHK), aganrop — cM. pa3nen «Marepruaisl 1 METOIbD); TU(PHI — MO3UIMU BCEX MIEMEHTOB B IL.H.
coracHo cukBercy BITU16 AF125673 (GenBank); M — mapkep, 100 rm.u. OBan yka3siBaet no3uiuio npoxykra [P B rene.
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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 ¢).

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

E6,E7,E1°E4, ES

ala
544/562 858/865 2814
O]
65/83 559 2756
o
790411 P14 P97
] 880 3358
=
227 526 880 2709
99F-227R
A
c/6

Relative expression
OTHOCUTenbHas IKCnNpeccus
o
b3

OPUTUHAJIbHbBIE NCCNEAOBAHUA

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 semse 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 £6 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 pS3 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

b/6
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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
HPV 16 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; ¢ — 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. A 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.).

Puc. 3. Bnusaue noknayna HkPHK na yposens MPHK 1 aktiBHOCTB panHux renoB BITY16 B kietkax SiHa. a: criomrHas JTHHUS — cxe-
Ma ydactka reHoma BITU16 ¢ panruMmu reHamu (0003HaUeHHS KaK B MOAMUCH K puc. 1); BapuanTsl crutaiicuara MPHK o603HaueHbI
JKUPHOHM 4epToil 1711 9K30HOB, TOHKOH 4epTOii AJIs1 HHTPOHOB, CIIpaBa 003HA4YEH KOJUPYIOIINIT MOTEHIINA KayKI0T0 BapUaHTa; MaJlbIi
CepbIif IPSMOYTOIBHUK — MO3UIHS uccaenyemoro paiiona MPHK; i pbl — mo3unmm Bcex 37eMEHTOB B I.H. coriacHo cukBency BITU16
AF125673 (GenBank); S — TpaHC(eKIHsI KOKTEIISIMU OJTMTOHYKJICOTH/I0B, KOMIUIEMEHTAPHBIMH K cMbIcTI0BO# Lienu HKPHK; AS —
TpaHC(EKIHs KOKTEHISIMH OJMTOHYKJICOTH/IOB, KOMILIEMEHTapHBIMI K aHTHCMBICIOoBOH nern HKPHK; K — tpancdekmus 6e3 nobasnenns
onuronykieoruioB, KJIHK cunTe3npoBana ¢ rekcamnpaiimMepamu; 6, ¢ — Ha ocu opauHat ykaszaubsl ypoBan PHK BITH16, Hopmanu3oBaHHbIe
no otnommennio k MPHK rena HPRT, 6 — yposens MPHK cymmaproro Tpanckpunra paHHux TeHOB; 6 — ypoBeHb HKPHK. Crarucriueckas
00paboTKa AaHHBIX poBezeHa B mporpamme GraphPad Prism v.7.00 ¢ moMoIipio mapHOro t-TecTa; ¢ — aHaJIn3 SKCIPECCHH P53 MEeTOI0M
BecTepH-On0TTHHTA. [IpencraBnen Tunmanslii pesynsrar Tpancdekin. GAPDH — koHTpons GenkoBoii Harpy3KkH; UGPEI Ha OIOTTOM —
HOpPMaJIM30BaHHBIE YPOBHHU Oeika pS3 Mo OTHOIICHHIO K KOHTPOITIO B TPOILeHTax (paccuntano no nporpamme Image Studio Lite v.5.2.).

223



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

ORIGINAL RESEARCH

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 £6 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 £6 and £7 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 IncRNAs.
It is known that IncRNAs can act through cis or trans
mechanisms. Cis-acting IncRNAs 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 £6 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
Tab6auna. Anaaus sxcnpeccun HKPHK BITU16 B o6pa3uax onyxoJeil meiiku marku merogom OT-ITLP

Form of HPV16 genome in a samples
®opma renoma BITY 16 B oOpasue

Number of samples
Yucno obpa3uos

Number of positive samples
UucIto No3UTUBHBIX 00pa3IoB

Episomal
DrurcomManbHas

Integrative
WurerparuBHas

Mixed (episomal + integrative)
CwMmeranHas (3MUcoOManbHast + HHTETpaTHBHAS)

Total
Bcero

17 17
12 12
3 3
32 32 (100%)
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Fig. 4. Analysis of the levels of ncRNAs and mRNAs of early HPV16 genes in cervical tumors. The ratio of mRNA copy number to the
ncRNA copy number of is indicated on the ordinate axis. The number of copies of each RNA type per 1 ng of initial total RNA was calculat-
ed. Black, gray, and white rectangles represent samples with episomal, integrated, and mixed forms of viral DNA, respectively; the shaded
rectangle is the SiHa cell line.

Puc. 4. Ananu3s yposaeil HkKPHK 1 MPHK pannux renos BITU16 B onyxomsix meliku matku. Ha ocu opiuHaT yka3aHO OTHOLIEHUE YKCIIa KO-
it MPHK k unciy xormmit HKPHK. KonmuectBo xommit kaxaoro tuna PHK paccunTano B 1 Hr ucxonnoii toransHoit PHK. Uepnsie, ceprie n
OeJIble MPSMOYTOIBHUKY — 00pas3IIbl C SIIMCOMABEHOM, HHTEIPAaTHBHOI U cMelIanHol gopmoii npucyTcrBus BupycHoit JHK coorBeTcTBeH-
HO; 3aIITPUXOBAHHBIN MPSIMOYTOIBHUK — KIeTouHast muHus SiHa.

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-«B, 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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