Al evBuvtning: MKavwaowyinomicd i g :
MANENI ZTHMI AKO TENI KO NOXOKOMEI O «ATTI KO

EONI KO KAI KAMNOAI ZTPI AKO ATTAINEKH 2 HO AOHNQN
B EPIFTAZTHPI O NAGOAOTI K WMANATOMI KHZ

HPV Aolpwén: puoikn otopla, popLakn

Sdlayvwaon Kol Epeuvval

Xpt coKo v oa BhD,dMyc, MPH
BEpyoaotnpt o MaBoAoyl KNC(
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(Humanpapillomavirus)
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Ol VvVOC ogé&oULOAL KO
| TaodeE MPAEG@VIRDIYy OV

VITe pt coc o1 X0PTOL TOIOTIO € X O W L TTIO\ T @ (WA
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ETAQNC

LUYnNAKILV OBMAOUL YTTO P E
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1. Bosch FX et al.JClinPathol2002;55:244-265; 2. Munoz N et al.Int. J. Cance2004;111:278-285;3.
Trottier H & Franco EL. Am JManagCare2006;12:5462-5472; 4. FrancoEL et al. Cancer J
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Margaret Stanley. Immune responses to human papillomavirus. Vaccine 24S11{2P06) S1/16
Stanley, Lowy, Frazer. Chapter 12: Prophylactic HPV vaccines: Underlying mechanisms. Vaccine243332006) S3/106
MunozC a s t e,Bérrigitog @ ® G 0 GigshaneChapter 1: HPV indtielogpf human cancer. Vaccine 24S3 (20063881
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AspuuMunéQKf € C
HPV 14, 7,10,2629, 41,48,49,57,60,63,85

ONAwuld@@KTOoOy € XWPUKL KIC
HPV2, 6, 11, 16, 18, 30, 4402, 44, 45, 54, 55, 61

KapKI VEBpOETOOY € XWRULE KN C
HPV16, 18, 26, 31, 33, 35, 39, 45,-53, 56, 58, 59, 66,68,73, 82

ONA WPAVT @T EPOUL AVAaTOEDWX P XD UV KC
HPV2, 6, 11, 13, 16, 32
AKPOXOPoOoyMIND® D @mMo O (LewandlawskylLatz)k o |
SCC
nepaoeon, s vasrion 2020 HPV' D, 8, 9, 12, 14, 15,17,-29, 36, 38, 47, 90



H dopun TO

AOHPVEi val OXe€T1 K& pP1 KPOC DNAKE ka1 O gT¢
coQpal EOKoOTa commoOOEAEl Tal qliwal2 TmTp wWT
CirculardsDNA

-"a

HPV capsids,
approximately 55 nm in diameter

L1 protein pentamer L2 supporting protein

[e] V4

Yo (HPV1)6s aloa 18 UGpnp3ls 6 UlLs9se3)oa eal > 70% Gy

Ho (HPVL6s 18, 45 alUoa 31 Gpnps3lUos cUUWlE»ca)dosmduis PO

1. Ferlay J et al. IARC CancerBase. Lyon 2004;2. Munoz N et al. Int J Cancer 2004;111:278i 285; 3. Smith JS et al. Int J Cancer
opeo7:121%6210632.4Blrd EM. Clin Microbiol Rev 2003;16:1i 17



Papillomaviridae

ICANCER RESEARCH 38, 794, February 1976)

Etepovevr’]c Olvld.6a l_(bv (enkaGTLKd’ T[Tr]Vd_ Kal Epnetd) Condylomata Acuminata and Human Genital Cancer
nepLoootepol arod 150 tumoL £€Xouv aviXVeUTeL otov AvBpwrmno  ~ - A —
(Human Papillomavirus-HPV, Bernard et al., 2010) S SN BN OER | mmeanssrorasamsaE

fo demonstrata viral DNA by nucloic acid Nyordizations 0 5 bawson b .- Guckworn, J. K. Beranarat 1. ang Young. 5. b: Glans
cervical cancer cells (Refs. 19 and 21: H. Schulte-Holthausen Garital Aras. Arch. Pathol .
and H. zur Hausen, unpublished data), even when assays
were performed under very
these negative results are not yet conclusive. additional

arguments have been raised that do not support the HSV-2 3
eticlogy of cervical cancer (19). :

It is the intention of this note to draw attention 10 a virus- S 0. Co Associstl
induced and virus particle-containing tumor revealing a -:,,""“’"“ A4 1., and Servin. 0. Cordyioms seminatun, s Aveacistion

Richard EdwirBhopel933,PV anopovwbnkav yla mpwtn A mm":?"*"m’“"":mf

Ginekol

13). which appears to differ from human wart virus when

tested 20) or (1}. These 0
I I I . . I particles can be by Py in about 4y Donatd,
50% of all 13) o grow this
dopa ano kouveAla-Shope Papillomavirus i e A
condylomata have not been very succassful in the past
(unpublished data). 3. o
Genital warts seem to be transmitted primarily by sexual

contact and are predominant in populations of high sexual Herpasvirus Type Carcinoma of the Uterine

CRPV (COttO ntail rabbit pap illomaviru S) e M e T e s "w--_'_’c”.'_'tf;’.-,:':h e

this tumor (3. 4, 7, 9-11. 15, 17). In particular. penile vt it Mwiestwes_Carcinom of o Inavinar Lymon Nade

nave been 1o within or at a 17, Sonck G £ Gonayioms ACTuminats mi Ubergang in Karzinom. Z. Haut

site of condylomata acuminata (2. 16, 18} Goschiechiskrankn . 8. 273 278,
The condyloma agent has been sntirely thus tar 10 WoR EoIn e Ve o b+ e el e ot b
in ail and Studies relating Not 15 zur biausen. 4. Oncogents Herbes Virates. Brocrim. Blopmys. Acts. 477

only to cervical and penile. but aiso to vulvar and perianal. 25.83.1878. 0 - Bornkamm, G W

carcinomas. This is particularly unusual in view of the Attempts to Detect Virus-specific DNA Sequences in Human Tumors. I
INFECTIOUS PAPILLOMATOSIS OF RABBITS Iocalization of genital warts. their mode of venereal NLCIle AGK TBrITaTGn Wi Compiementary FINA Bf Feman Wart
transmission. the number of reports on malignant . s
f an agent to a wall-
CHARD E. .D. o and the o o
By RI E. SHOPE, M.D phiavL e i e

Witz A NoTE oN THE HISTOPATHOLOGY
By E. WestTon Hurst, M.D.

(From the Depar of Amimet and Flont Pothelory of The. Fuste Sor HaraleUI’HaUSGI’J 1976

Prares 33 To 35

xecsivd fox publicnton, Yol 19, 1939 o HPV maiilouv onpavtikd poAo

Our attention was recently called to a disease occurring in wild
cottontail rabbits in northwestern Iowa.* Rabbits shot there by hunt- ’ ’
ers were said to have numerous horn-like protuberances on the skin
over various parts of their bodies. The a.nil:nnls were referred to pop- Gtr]v aV aT[TU Er] Kap KLVO U TO U
ularly as “horned’ or ““warty’’ rabbits.
Warts from a naturally occurring case of the disease in Towa were 4 4
obtained and sent to the laboratory in sterile 50 per cent glycerol. Tp axn AOU an untp aq
These glycerolated warts furnished us our original material for investi-
gation. A little later, in a shipment of a dozen wild cottontail rabbits
from southern Kansas, three were found to be affected with the same
wart-like disease. To date, out of 75 wild cottontail rabbits received
from Kansas eleven have been found to carry one or more warts.

E:;mlﬂﬁiemumzﬂgeﬁe as the basis for our description of the Harald Zur Hausen
Description of the Naturally Occurring Disease

In wild cottontail rabbits the presence of warts has caused no apparent d)s- 1 9 8 3 K a l 1 9 8 4
comfort in our experi and ind d no d ce of

evi
illness. Most of the animals were sacrificed, shortly after their arrival, for patho-
logical material, but four, kept under observation for 7 weeks or longer, at no time

oo i e ol el conilion o iy e e QMOUOVWOE TA TPWTA OTEAEXN

1 We are grateful to Mr. T. A. McKichan of Cherokee, Towa, who first told us

of the disease, and to Mrx. Clifford Peck of Cherckee and Mr. Earl Johnson of
kngo.Ka.nsas,who ished us with occurring cases of the disease. HPV16 KaL HPV18

GOT

Gissmann etal., 1984,
Mapaokeur}, 6 Maptiou 2020 7ur Hausen. 1996
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Classification of papillomaviruses

Ethel-Michele de Villiers,™ Clande Fauquer,h Thomas . Broker, ©
Hans-Ulrich Bemard, ** and Harald zur Hansen®

* Ruerwamea Cawtar jlr Fapd L frarars, [riviskom fow shae haracsric aton of Twworvruses, Desovekes Krabsforscmgrremora,
920 Fadelbory, (armanny
" TR, Dotk Plos Soiaes Coarar S Fouts, M0 83552, T4
aff Blockewdnrry amnd Woleeuler Gosatien, Unhwrsity of Alzb ar Birmiepk Birmbegph AL 352040005 L84
dl&mﬂﬂfﬁh&aﬂﬂkﬂbﬂ-m Fiockewinery, Leivarsity of Calfornia, Trvime, Cd 926973000, LS4

Recedved 2 Py DO0d; retermed io ssthor dor nevision 9 March 2004 accepied 34 March hiod

“ I

o

A bstract

Ume bunded =ighieen papilomayims (PY) types have been compleiely desaibed, and a yet higher number of presumed new types
have heen detecisd by preliminany dats such a= snhgenomic amplicons. The clhexification of this diverss group of vinss, which inclde
impeariant human pathogens, hs bean debaded for thee decades. This article descrihes fhe highar-onder PV taxonomy following the
Femeral ariferia esiahlished by the Inbermational Commites on the Taxonomy of Vimses (ICT V), reviews the literatnne of the lower onder
taoca, Imis all known PV iypes™, and indengwess ther phylogenetic melatomhip PYs are a tconomoc famdly of their own,
FPapillomaviridar, unrelsted io the polyomavinses. Higher-onder phylogenetic assemblages of PV types, such as the “genital humen PVs™,
are corsidessd & genus, the btter group, fior ecmple, the genus A lphe-Papi lomandme"". Lowenonder assembleges of P types within
each germs are trested as species. becase they are phylogenetically closely rdaded | but while they have distinet genomic sequences., thery
have identical or very sSimila biokogial o peithological popertiss. The xonomic ststus of PV bpes, subtypes, and variants remains
unchanged snd & based on the traditions] oriferis that the secpence of ther L1 genes should be st lest 1095, 2 100G, and mox imalhy 2%
dissimilar Fom one another.
£ AWM Elsevier Inc. Al dghts neserved.

Karyweords : Papillomma vineses; HPY type; Pathogen

Alapopdwaon twv puAoyeveTkwy OEVTIPWY TwV PVs pe Baon:

A 1t voukAeotidikr) aAnhouyia,

A ta Bloloywd xapoktnpLoTika (16N EevioTtwy, LOTOC, TaboyEévela,
OpYAVWON YEVWUOTOC)

Oc ommiOorpw T aé 1 VRYsogoly E vy

Mapaokeun, 6 Maptiouv 2020



Genus

~
: : Ve }54 4 /—-9\ 10
Alpha-papillomavirus 6 9d | )43 c91
: 42 7 40 12
7 662330 2 6 74 )}
6 6 1 5 PcPV RhPV1
70 %39 %4 ccPv
59 C8 13/ ’w

e aAAnAouyiec tou L1
yovibiou

papillomavirus

Delta-
papillomavirus

de Villiers et al., Virology 2004

OvPV1
OvPV2
BPV5 G
" ’ 2 mma-
Epsilon-papillomavirus ¥ o .
P Pap G_CPW papillomavirus
Zeta-papillomavirus ¥ APV

COPV 1 63 5
MmPV ‘CRPV dev&gl ~ BPV3BPV

BPV4 A N

\ /PsPV Pi-papillomavirus
Eta-papillomavirus {"°PV / 41 -~
k’ =t k b Omikron-papillomavirus
\"ip" Mu-papillomavirus X Xi-papillomavirus

16y € PV-
A eAANVIKN oAbAaBnTo amo to
Néoc tumoc HPV: aAAnAouyio L1 ypappa-Aido HEXPL TO
ORF>10% KovtwvOTEPO YVWOTO TUTIO- ypappa M pe Baon ta
Ynotunog: 2-10%-Variant: <2% KpLtnplo mou Beomiotnkav

Mapaokeun, 6 Maptiouv 2020
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Human Papillomavirus (HPV)

Genus
Alpha-papillomavirus

Beta-
papillomavirus

Delta-

OvPV1
(
OVPV2
BPV5 = G
Epsilon-papillomavirus ¥ ~ _ Py Camms:
k 48) papillomavirus

Zeta-papillomavirus ¥ e

COPV 1 63 BPV6
MmPV CRPV FdPVU1 ~ \BPV3 L
(AR S Ve w

/\} wpspv Pi-papillomavirus
= H = FcPV 41
AR \" e R \/‘ Omikron-papillomavirus
) ) cpv Mu-papillomavirus % Xi-papillomavirus
Thetecpaplliomayics Lambda-papillomavirus

Kappa-papillomavirus  Nu-papillomavirus
lota-papillomavirus

MNapaokeun, 6 Maptiov 2020

V yévnotovd v B p wTt O
AAda-, BAta-, Mappo-, M-
Kot NLi-PVs

39/45/59/51/56 31/33/35/52/58
= 18 related = 16 related
(“A7 s peci|g(A9species)




Genus

ARC Monogr Eval Carcinog Risks Hum. 2007;90:1-635.

Human papillomaviruses.

[ARC Working Group on the Evaluation of Carcinogenic Risks to Humans.

IARC MONOGRAPHS - 100B

Table 2.1 HPV types in the high-risk clade

Alpha HPV species Types classified as Group 1 carcinogens in Other Types in Species
Volume 90

3 5l 26,69, B2

6 56, 66 30, 53

7 18, 45, 39,59 68, 70, 85,97

9 16, 31, 33, 35,52, 58 67

11 34,73

Mapaokeur}, 6 Maptiou 2020
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OPYOAVHPOWI DO WU A

T o PV

URR: origin of replication,

transcription factor-binding
sites and gene expression
control

L1: Major capsid protein

L2: Minor capsid protein

L1

URR

E6

E7

4
> A

E1

E1: Viral DNA replication and transcription

E2: Viral DNA replication, apoptosis,
transcriptional repressor of E6/E7

E4: viral DNA replication

E5: cell proliferation, alteration of signaling
pathways (EGFR), immune recognition { MHC)
and apoptosis

E6: p53 degradation, alteration of cell cycle
regulation, apoptosis resistance chromosomal
instability and cell immortalization (TERT)

E7: pRB degradation, re-entry into S-phase cell
cycle, p16 realize and overexpression,
chromosomal instability

S. de Sanjose et al. Best Practice & Research Clinical Obstetrics and Gynaecology 47 (2018) 2-13
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TNOYKOKOATOOTAOATI K NOULRI K1 TiNpd8 won

TP WT PI3v n Koaamod O uUunN@amo T NCc
EGPPFHE® UBI KOUT I VI KN26STP WT € A0 WM O

ALy EGAR

Vyovo ol T1TUOUTOl uvyPnAolL KL vdLLvou dlevyveipo
OUPBI KOULTKIOMWI @Ay amodopunong TNC¢ mMPpWTteivng

’ Al at npa ot seoh o e
AEvepyomaicn &mt aAuv k@ tTd TNV KUTTOC(

UTIO U O VTandca @ o Y & IPrERT OVOOTEAAOVTOC 1
ynpavan 1

AAMMANAe TITHEA q@rE

ABoavaoaTomme@v nNeQTT
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| |
AM AN e mitdma g > LI .

pPRb - amowxod ouron © OGO PULAIDCTS

Ol KOYVYE®ME | P WT ET VWYV TOU
PETI VOPRAAPROE@IDH T 0 ¢ Sremese ‘
K d I p 1 13) Unphosph?)?ylated\ Rbis -— /‘

Rb inhibits E2F.

phosphorylated.
.ﬂ? Phosphorylated Rb
no longer inhibits E2F.
14 ) ] P
V enayel tnv anowkodounon tng pRb pecw tou ﬁﬁﬁ;ﬁw \
LovoTtaTtioU TOU OUBLKOUTIVIKOU TIPWTEOCWHATOC E2D 2
, , Genes necessary for DNA
V ouvbeetal pe TG KUKAlveg A kat E kal pe toug synthesis are activated.
: : ' ' —= CyclinD is degraded.
QVOOTOAELG TWV KUKALVO-EE0PTWHEVWY KIVOLOWV _— Cycinals symhes,zed
(cdk) p21 kat p27 ——> enayetaLn S phase ‘ —— &
dwodopuliwon tng pRb 1

AMOPPULOEBIWILCNKLTTAOPL KOO KUKAOU HJE OUL
TOV OVEEEANEYKTO KUTTOAPIL KO TOAAATA
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Integration of HPY DNA
Co-factors: STDs, smoking,
uuuuuuu ppression

A AkolouBei To mpdypappa Stabopomnoinonc Twv
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LOTOUC LECW ULKPOTPOUUOTLOMWVY Eicodos 100 10%

A O 10¢c eloBdAeL oTa KUTTOPA TNG
Baowknc otolBadac
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Normal cervix Sguamous intraepithelial lesion Invasive cancer
1 Lowr grade High grade .3

Cervical intraspithelial neoplasia

I Gra — ade — rade 1
. i SVeaks reG:l'%z;’:es'ioco years E 1% 3evelop_ into cancer,
lnf:c:iousvli:valsf_rﬁdesh . e ep o rest heal within 2 years
enters cells throu
micro-a brasions 4 - <

Sqguamous epithelium “ =
Superficial zone I: S

(Papillary) Basal layer [
Basement membrane —

Dermis e
1
&3 Nucleiwith episomal D Oversxpression of
viral DNA E6 andEZ7
€3 Nucleiwith intergrated O Expression of early
viral DNA and iate genes
&3 Normal nucled

A O H 1 oépxetTaol o100 KUOUTTOpPO TNC PaAaoct KAC
OTO €I BAAL O TOUL TPOAOXNAOUL.

A Metd& t™n pOAvLvVEam) tywo wmipdu oEY, E2, E4, E5
TOIKO@OVI OdWIIOYy pA@ETAl .
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Normal cervix Sguamous intraepithelial lesion Invasive cancer
LI Low grade High grade i

Cervical intraspithelial neoplasia

| 1
Grade 1 =i Grade 2 —_— Grade 3
. S\SX&'EZ' HPVv 1030 years _ 4. develop into cancer,
Infectiouwss viral particles - L I rfellczt.es rest heal within 2 years
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2TO0 AOVWTEPOA OCTPWPMOTOAO TOUL €mMIL OBNAiov, TO I 1 KO Vi
ekKopaloviaoalll,lRakgovEdLaoata omoi a OCULUHUETEXOULVYV OTC
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H €A1l &n Twv KUTTOPI KWV OAAAOIl woewv o€ 01 NNt
YOVI Ol WHJOATOC OTO OAVOPWTI VO XPWHUOOCWHO, HPE TNV O
ETMTOKOAOULON UTMEPEKPPAON TWV yovidi wv E6 kot E7
Mapaokeur}, 6 Maptiou 2020 nature
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HPV detection:Basicrprinciples

e |solation of HPV nucleic acids
e DNA is present in cells (episomal, integrated)
e mRNA is present predominantly in cells only
e Denaturation of nucleic acids
e DNA is denatured in PCR (usually 94-95°C) to create single strands
* mRNA is denatured in lower temperature (40-60°C) only to unfold any 2ndary
structures
e Amplification
e DNA via PCR (DNA pol, cycling T from 55-95°C)
e mMRNA using RT-PCR or isothermic reaction (RNA pol, RT, RNAse-H)
e Signal detection (fluorescence, chemiluminescence, colorimetric)
e Most DNA techniques target L1 (conserved region). Most mRNA techniques target the
transcripts of the E6/E7 oncogenes

Spathis et all, (2016) HPV Detection Methods: Towards Personalized Prevention, IGI DOI 10.4018/978-1-4666-8828-5.ch005
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MeBobol ou Baaoilovtal oto PCR-€

OTOXOU
AAMPLICOR® - LINEAR ARRAY HPV GENOTYPING Tests

ACLART® HPV?2

ANNO-LiPa HPV-SPF10LiPA25
APV Direct Flow-chip
AapilloCheck® HPV-Screening
Adybribio 21 HPV GenoArray

AGenoFlow HPV array (DiagCor)
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Microarrays Technology

Biochip(3x3mm):

probes in triplicate

Internal control for nucleic acid extraction

Internal control for PCR inhibition

.-7 —
- . ®
- . = o ©o o
® - & e o © © F 3 2 AR BR JR. R
e S e - @ @ a5 . % *«»., 1
v @ e ® e e . = .
e o P ®« - @ @ = PFEEE=maa= ‘ ; -
- = - - é
* & e ® g ® ‘
- = -
S . ® -

ArrayStrip with

tured and DNA- or protein arrays
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PCRipay pdaT.l Kou,..xpovou
Real time PCR/Q PCR

R
\- = eporter and

quencher-marked

;' KT .. probe

. /)
UBaaol (et1al oTnv avli xwevaon Kaol

pBopi Loviocg pPoOopiovLIAYA@@OPGAC
CUYKEKPL PEvVnN a)\)\n)\if‘x’a) o€

avTi o PGORINC

.\\
~
—

Target DNA strand
hybridized with probe




PCRipaypatti KogBCRy pov G

UETIIL T pETre |

V tnv adlaAeuttn nopakoAovbnon twv
npoiovtwv tnc PCR kata tnVv evioxuon HEow
NG MLETPNONG TOU EKMEUTIOMEVOU PpOopLopOU
TWV TPOIOVIWV o€ KABe KUKAO




PCRipaypatt KogBCRy pov o
UBTI T peETmel

V Tautomoinon tou KUKAOU L0060V oTNV EKOETIKN
daon (KUKAOC-KaTtwdAL) Ko, TNG OXETIKAC
noooTtikomnoilnong tn¢ untpoc DNA otnv apxn

TNC avtidpaonc.

V Ta mpoiovta tou oANaAQGLOUoU avaAUOVTOL O€
TIPAYUOTLKO XPOVO OTIWC ouvTiBevtal og kKaBe KUKAO.

Threshold

‘IIS EI'D 2I5
Mapaokeun, b Maptiou 2020 Cycle Number




ME Bodolt Tmmouv BGRol (c
MPAY HUOTI KOU X PO

Aobas® HPV Test -
Asnyplex™ Il HPV28 Detection '
A\bbott RealTime High HPV oot asotey

Kacace 14 HR

I e

é}o

Anyplex™ II

HPV28 Detection

Simultaneous detection of 28 HPV types
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HPV Genotypes 14 RedM Quant

4 tubes strip for any
clinical sample

PCR-mix-1 16,18,31, IC
PCR-mix-1 39,45,59,IC
PCR-mix-1 33,35,56 .68
PCR-mix-1 51,52,58,66

10 12 14 16 18

add K1 16,18,31 ,IC
add K1 39,45,59.IC
add K1 33,35,56,68
add K1 51,52,58,66

add K2 16,18.,31.IC
add K2 39,45,59, IC
add K2 33,35,56,68
add K2 51,52,58,66

000 (0[0X0O

9

©)
(©)
(©)
(©)
©)
(©)
(O)
(@)

\ \ Strips for standards (K1, K2)
Strip for negative control

FAM JOE ROX Cy5
16 31 18 IC
39 45 59 IC
33 35 68 56
58 52 66 51

For quantitative detection and
genotyping of Human
Papillomavirus
(16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 66 and 68)
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Negative clinical sample

Amplification Plot
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Positive clinical sample

Amplification Plot

750,000 -
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350.000 - /-

300,000 - — =

ARN
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100,000 - :
. 2l ' > ')

ra

50.000 / T
: 1 yq = i

2 4 6 8 10 12 14 16 18 20 22 24 2 28 30 3I2 3£ 3B 3 O &2 a2
Cycle

Legend
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14 Highrisk HPV with 16/18 Genotyping Reaime
PCRKit

- 14 high-risk HPV types: HPV 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 66, 68
- Specific Detection of 2 high-risk HPV genotypes: HPV 16 &

HPV 18
- Cellular IC for the monitoring of the entire process

V Demonstrateno crossreactivity with non-high risk HPV
genotypes, ensuring that positive results are clinically
meaningful

Mapaokeun, 6 Maptiouv 2020



A2 HR: 31, 33, 35, 39,
45,51, 52, 56, 58, 59,
66, 68

Aovotumuon: 16, 18

v v
P . )
S
\J_/’ N \
DNA Real-time PCR Result
Extraction Amplification Analysis

Hands-on Time Walk-Away Time

Within 3 hours
Mapaokeur}, 6 Maptiou 2020



Abbott Real Time High Risk (HR) HPV

Muttiplex real-time PCR for the separate
tection of HFPV 16, HPV 18, and 12
other high-risk HPV genotypes (31, 33,
35, 39, 45, 51, 52, 56, 58, 59, 66 and
68) to igentify women who would
benefit from immediate follow-up.

Clinically Meaningful Results

Clinically Based
Assay Cutoff

Assay cut-off established based

on correiation to disease status

in orgder to differentiate women at
risk of cervical cancer or precancer
from those at Nno or low risk.

Mapaokeur}, 6 Maptiou 2020

Genotype specific single-stranded §in
probes in conjunction with an optimaz
thermal cycling profile for highly spec
detection of targeted high-risk HPV
genotypes 1o avoid cross-reactivity
with non targeted HPV types.

Ayiiqerjey ybIH

Endogenous
Internal Control

True cellular internal control
human beta-giocbin) for high
reliability and confidence in
HPV-negative test results.

A2 HR: 31, 33, 35, 39,
45,51, 52, 56, 58, 59,
66, 68

Aovotumon: 16, 18



Amplification Plot

' '
. .
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~ 400.000
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Cycle

legend

Bic BHPvie BIHPV18 [ Other High Risk HPV
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MeBodol rtou 6 Baoilovtatoto PCR-U € 6 0 &
EVIioYvong onUart

MgeneHybnd Capture 2 Cgi)/zsta V HR
merVISt@ Be Certain. Be in Control




digeneHybrid Capture 2

Apnowomnotel piypa amod aviyveutéc RNA TToU avTlotoyoUV oTouC
TUTIOUC TOU LOU TTOU OVLXVEUEL

A\laSikaotio aviyveuonc DNA:RNA uBplSiwv e Xpron eL8IKwY
LLOVOKAWVLKWV OVTIOWUATWY KoL XNUELODWTAUYELOC VLol TNV
MOLOTIKN avixvevon 18 tunwv yapnAou kat upnAov kivéuvou HPV
A\ladopomnoinon o U0 opddec HPV DNA

AlapnAou kwduvou (6, 11, 42, 43, 44)

A nhou kwsvvou (16, 18, 31, 33, 35, 45, 51, 52, 56, 58, 59, 68)

A OkoAn oTn Xprion Yo KAWIKEC PEAETEC-TIPOODEPETAL VLA
QUTOMOTOTIOLNON-LOXU PN KaL avoropaywyLun nebodoc

AMev emi TpeémMel TNV aKpPpIl B yovc
Al yotepo gvaiPMntn amo 1NV

MNapaokeun, 6 Maptiouv 2020



Cervista™ HPV HR Test Design

— A2 4,
:: BOE! ;E'Il::? ﬁhr!h:ﬁh:!ﬁhr:;-lu h T,
A 2 4 1;};;} nwn:ilm r.-:I1r| ) 1 ﬁh;hl-c ﬁh-ﬁ “._-
Ev{vupdpdaeanv otunkgh Cleavas® V1) w2
Tl -""I-r'-s:-s: 5'?: : I finm AY
(Hologic™,Inc) -. ) = .
MéEBOSOC €Viaoxuong onN@goT e =
|l coBeppul KEC AVTI SPpAOTEN G 2 \ |
Avi xvevon ¢@6optopol__ | i—r) == |

e PUAOYEVETI KOUDEE T P C
Ol Koy HPWPIlawg op € Llo o

51, 56, 66 ME PLTOOXU] | 00
VAN 18, 39,45, 59, 68 e CervistaHPVe i v a1 &1 SHR 0
16, 31, 33, 35, 52, 58 YOVOTUTOUGE TION ECETK®D &

T1 ¢ A5/ A6) oQAGdO& CA9
de Villiers et al., Virology, 2004



® :
Invader Chemistry
Human DNA rPVesoeciile
1 1 1 A 'k‘!fggts
H xnueila Invader xpnolOTIOLEL EVIOXUGHN OAUOTOC

Cleavage Cleavage

Kal avixveuon ¢BopLopou, mapayoviag sife te
EKATOUHUPLA ELOLKA oripata tPog aviyveuon dla i Probe Q Probe
LECOU TOUTOXPOVWV SUTAWV LooBEpULKWV — T
avTLOPACEWV, OL OTIOLEC: § T ) $ G )
1LETI BePBartmwowmapén € TapP K OQGC = Released’5 Flap
MOOCOT PNAo qwT® & € TdueECiny Y a — oo
2AVI XvEaogouvvmnapPHRBRY 1T wv o ae Cleatage
XapakKtTnp! HRETW VARGV 0)\1, LW
(International Agency for Research on Cancer) { -

2 TNV MPWTOPYXLKN avTtidpaon, 0 ECWTEPLKOC |:E )) — L
uaptupag tou Cervista HPV HR test dnuioupyel "FRET Cassette 1 FRET Cassette 2

KOKKLWVO $O0pLOO OTaV UTIAPXEL ETAPKNAC
noootnta DNA oto beiypa

Ouolwcg, otnv deutepelovoa avtidpaon
napayeTaL npacvoc ¢pOopLopoc

otav avixveuBel n mapouacia evog n
nepLocotepwv HR HPV yovotunwy oto
deiyua.

Repeating Process
Amplifies Signal

MNapaokeur, 6 Maptiou 2020



HPV virus

DNA EG/E7 mRNA

indicates indicates E6/E7 oncoproteins
presence of activity of induce cell

HPV HPV oncogenes transformation

-

-

Clear focus on
the key risk factor:

Active HPV oncogenes
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ME Bodol aobRVE 6 EnERNA C

1. Nuclisens HPV (Biomerieux)-tcoBepuikry NASBA texvoloyla-mAnipn petaypada amno 5
vPnAou kwduvou HPV tumoug

2. APTIMA (GenProbe)-tcoBepuikry TMA texvoloyla-mAnpn petaypada amno 14 vpnAou
Kwvduvou HPV tumnouc

3. HPV Oncotect (incellDx)-kuttapopetpia poric/FISH-E6/E7 mRNA kuttapa amno 0Aoug
Touc uPnAou kwvduvou HPV tumouc

4. In-house nested-RT PCR/nAektpodopnon o€ mAKTwHA oyapolnc-mAnpn Ko
SlakeKopEVA peTaypada

1. Molden et al., J Virol Methods 2007;142:204 -12

2. Szarewski et al., Epidemiol Biomarkers Prev 2008; 17:3033 -42
3. Narimatsu and Patterson, Am J Clin Pathol 2005; 123:716 -23
4. Sotlar et al., J Med Virol 2004; 74:107 - 16
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Clear focus on the key risk factor: (gt FHEMIE

HPV DNA Tests NucliSENS Ea_sngPV
i

AR A Nucl i Sens EasyQtE
A A (Biomerieux, France)

“presence of HPV activity of HPV oncogenes induce cell transformation

HPV Virus

VGUWwy AWWaUR 41 WEE BEWUWEB 6T IEGVED MRNA YUW I Tiioael
E Y

ANYRN

E a R RIUN HPVY 16, 18, 31, 33 E U4

VHI awal 11U awWe OB B A &lécular beacons) s aVYa BE | OE Wi W
UUT Ugt UWEDBT EYI |

Veed UA Y :

AT (1

4

RNase H (2)and
primer 2 hybridizatigfx;

L 1. cDNA synthesis
RT (2] 2. RNA degradation
- 3. ds DNA synthesis
Molecular beacon
hybridization

Real-time detection by NASBA Fluorescence signal
8 B Fluorescent signal A
Molecular beacon 3 (real fime) L
DNA pl"ObE_ g f : =
= Specific targsted
E sequence /’—’—
E s
2 E
NASBA RNA — — :

Intensity
g
se
B
N

30
Time (min)



http://images.google.gr/imgres?imgurl=http://www.eurogentec.com/EGT/Images/NASBA/NucliSENS-EasyQ-platform.jpg&imgrefurl=http://www.eurogentec.com/product/research-nasba.html&h=156&w=270&sz=8&hl=el&start=13&usg=__CqV9DolZ59IxUGVmBFT-oQBqMyc=&tbnid=gOyvJaG6R2LIEM:&tbnh=65&tbnw=113&prev=/images?q=nuclisens&gbv=2&hl=el

HOLOGIC | % cen-rrose

Aptima HPY Hologig

e Transcription mediated amplification (TMA) of Pt
HPV mRNA witlthemiluminescent L* ANATorgt
e Qualitative assay for detection of E6G/E7 mRNAof == *,
14 HR HPVs i~ S—
(16/18/31/33/35/39/45/51/52/56/58/59/66/68) t — r — rA
with optional typing for 16 and 18/45 * N——y
e Internal controls and calibrators © P — *% ONA Termpiate
* Sample stability inThinPrepfor up to 30 days, 7 -»’ — %L‘ .
Aptima Specimen Transfer 105 days’@to 26C) @ ¢ @ o 3
or 24 months at <20°C  — : m——"
e 1l ml of LBC, swabs, uri: - —

MNapaokeun, 6 Maptiou 2020
Hologic Panther training manual (Panther TM 2015 902732)



‘? GEN-PROBE

HOLOGIC
Aptima HPY Hologig

 [solation of target MRNAsfrom cell lysate using .
I anther ample:
magneticbeads wagnets: RNA Target sequence

creates , ;
. . . . magnetic m Ci ' TCR:
e Chemiluminescence detection using the fes <8 Magnisticibisats
i 1 i = TCR: Poly-T
Hybrldlzathn PrOteCt ASSG.y(H PA) f 11— ' oligonucleotide bound to
T:° magnetic particle
TCR: Assay specific
capture oligonucleotide
with poly-A tail HoLoGIC
120,000 A

3 100,000} LY /\‘\.J/‘Q "‘/\:‘\/:\;\ Auto Detect ""“‘\\i\/\ No Light emitted

3 GC AN\ /\ | Fluids Added \/\ (low RLUs)

% 46560 + CT +GC 7 ‘

=

S 60,000

%’ / )(/))g‘z;(g}/,{lk‘ oS o Auto Detect f\—‘\ =y, Light Emitted

= An000g— g eyl O\ | Fluids Added Yoo e\~ (high RLUS)

5 Rk RO

& 20,000 O OB

< 1 3 57 9 1113151719212325272931333537394143454749
Time Interval (2 seconds)
HOLOGIC

Mapaokeur), 6 Maptiou 2020
Hologic Panther training manual (Panther TM 2015 902732)




HOLOGIC | % cen-rrose

Analysis

e Automated analysis of calibrators and

Negative Calibrator
sampleresults Analyte| =0 and < 45,000 RLU
+ IC cutoff (flashery 05 x [mean ICRLUOf | 1S =700 = 400000 i
the valid NegativeCalibratorreplicates Analyte| = 480,000 and < 1,850,000 RLU
IC| < 450,000 RLU

e Analyte cutoff (glower). [mean analyte —
RLU of the valid Negative Calibrator |asseyresur | cfere

Analyte S/CO < 0.50

replicates] + [0.09 x mean analyte RLUOf | negative | ic=ic cutorr

IC = 2,000,000 RLU

the valid PositiveCalibratorreplicates] Analyte S/CO > 0.50
Positive IC = 2,000,000 RLU
e Signal to  Cutoff (S/CO) = RLU o ——
Sam pl e/An alyte cutoff Invalid ;)\C’)alyte S/CO < 0.50 and IC < IC Cutoff

or
Analyte > 13,000,000 RLU

Reid et al, (2015) Human papillomavirus oncogenic mRNA testing for cervical cancer screening: baseline and longitudinal results from the CLEAR
study Am J Clin Pathol. 2015 Sep;144(3):473-83. doi: 10.1309/AJCPHVD7MIP3FYVV
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Oncofect E6/E7ricell DX)

VKUTTOPOMUEMM@ OO oaVi Xvevoneg 1TnNng
LTTEXK @PpaonNg¢ Touv raRNAww T"Tdpl ov
YyoviI Odi wv E6 1WOWYIKOFDUVMW®BYV [T WV

incellDx

T OMPVWwC ocuveETeEl O TNCEC €EVAOOUMAITWONC .T QL ... 0.0,

O TYE V W|DNA O

Aspirate Add

Centrifuge Waterbath

1 mL PBS

VBaoi ZeToal OTOWAMUBPI 81 PO €V 6Gn

1mL Rz

L] (1 b weait)

6N M OO PEVYOWHRVD RV N B ET GV og o

Make the master mix by combining 100 uL R4

and 3 uL RS per sample, vortex.

KOTT&X&)(HT paun&apXéuevu GHO 100 UL R4/RS mix

EVOlIl Wpnua o0& QL AaAi d1 0 jurTﬂW%TPaf—oﬁﬁ
(p d O- r]ThinP(eF@) ® Actian equirad The sample is ready for analysis on the flow cytometer,

Narimatsu R, et all (2005) High-Throughput Cervical Cancer Screening Using Intracellular Human

Papillomavirus E6 and E7 mRNA Quantification by Flow Cytometry. American Journal of Clinical Pathology
123: 716-723.
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Analysis

 Gating of cells of interest usinga & _ b
FSC/SSAot plot *
 Percentage of green fluorescent '.

cells is calculated on gated cells 1.4%

e Cutoff for cells set by using |
clinically negative samples (1.5% ¢

i I 27.8% 0.2%
y \

I

Spathis A et al. (2012) mRNA and DNA Detection of Human Papillomaviruses in Women of All Ages Attending Two Colposcopy Clinics. PLoS ONE 7(11):
€49205. doi:10.1371/journal.pone.0049205
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Detection
Typing
Isolation
Detection
Automation
Resultanalysis
QA
Throughput
Expandability

References

Mapaokeur}, 6 Maptiou 2020

14 HR
16, 18/45

MRNA

Chemiluminescence
Full
Automated
Calibrators / I1C
275/ 8h
None

(Szarewski, 20Q8Castle, 2011;
Ratnam 2011
Castle 2015 Reid 2016)

All HR
None

None

Fluorescence
Semi
Lab cutoff
Fixedcell lines
24 | 4h
MRNA or proteins

(Kottaridi, 2010; Coquillard, 2011,
Spathis, 2012)

16,18, 31, 33, 45

DNA & RNA

Fluorescence

Semi

Automated

PCJC

28/ 8h

None

(Molden, 2006;Szarewski 2008;

Keegan 2009;S g r ©b2Q1d)



Emmi yvevett KEHKPVaA A

A cppévovoa Aoi pwEnN +€aul yeE WoEhoN akyESQO N

AMe BuAi wonDblAkw | DNATWEHE vV LTOPTOATTO TTO | 1 O € |
TNC L oTtTovng Kal 01 a@opoTmoRNAON T NC
U o p i MRNAZINCRNA3}

A p0uBPpILon TNg PETAYPOAOPNAC TWV YOVl d
ETI VEVEMY KWVOPUWY, OCULUPTANPWVEL TN Of
OVKOTPWHNEO WVOV KULUTTOAPI KO

uetTaoxnuatt opo (avé&non
MOAAOTAOO!l OO WOW,0 | DKAEL
eETTIL TNPEPNONC, OV aOOoOTOAN




Me BUAT won KD v

AMnxavi opoc¢ moOUL Xpnotpomolei o0 106¢

AHpeOuAi wdkadytoovi 81 o mapovol el at
OTO KOPKI VI KO KLUTTOpPO

AHpueBUAl WEGRIWTMNMRPOUVOPEVA EUVUPNHUAT O

AH pedBudri wBMnmopei3va oxenidogal ! HIE
KatTaotaon Tou 1 00



Ghulce

P prm———

IjC

International Journal of Cancer

Molecular progression to cervical precancer, epigenetic switch or

sequential model?

Belinda Nedjai 17, Caroline Reuter'”, Amar Ahmad'’, Rawinder Banwait®, Rhian Warman®, James Carton?, Sabrina Boer?,
Jack Cuzick® and Attila T. Lorincz(2*

Barts and the London School of Medicine, Charterhouse Square, Centre for Cancer Prevention, Wolfson Institute of Preventive Medicine, London,
EC1M 6BQ, United Kindom

2Department of Histopathology, Charing Cross Hospital, Fulham Palace Road, London, W6 8RF, United Kingdom

!Dspanm ent of Urology, Radboud University Medical Center, Radboud Institute for Molecular Life Sciences, Nijmegen, The Netherlands

The evolution of precancerous cervical lesions is poorly understood. A widely held model of cervical intraepithelial neoplasia
grade 3 (CIN3) devel is ial progression from normal through CIN1 and CIN2 to CIN3. Another hypothesis, the
“molecular switch” model, postulates that CIN3 can evolve directly from human papillomavirus (HPV)-infected normal
epithelium without progressing through CIN1 and CIN2. To shed light on this process, we compared DNA methylation of
selected human biomarkers and HPV types in two groups of CIN1: CIN1 that were near or adjacent to CIN3 (adjacent-CIN1) and
CIN1 that were the principal lesions with no CIN3 detected (principal-CIN1). 354 CIN (CIN1 and CIN3) and nermal tissue areas
were dissected and typed for HPV from 127 women who underwent loop electrosurgical excision procedures (LEEP).
Methylation of genes EPB41L3 and the viral regions of HPV16-L1/L2, HPV18-L2, HPV31-11, and HPV33-L2 were determined by
a highly accurate quantitative pyrosequencing of bisulfite converted DNA. There was a significant trend of increased
methylation with disease grade comparing normal to CIN1 and CIN3 (p < 0.0001). Adjacent-CIN1 predominantly shared the
same HPV types as the CIN3, however, methylation differed substantially between adjacent-CIN1 and CIN3 (p = 0.008). In
contrast diagnostically principal-CIN1 had an indistinguishabl hylation distribution compared to adjacent-CIN1 (EPB41L3:
p = 0.49; HPVme-All: p = 0.11). Our results suggest that progression from normal epithelium to CIN1 or CIN3 is usually
promoted by the same HPV type but occurs via distinct DNA epigenotypes, thus favoring the “molecular switch” model.

The Jaurnal of Infectious Diseases T

Quantitative Measurement of L1 Human Papillomavirus
Type 16 Methylation for the Prediction of Preinvasive and
Invasive Cervical Disease

Christine Kottaridi,’ Maria Kyrgiou Abraham Pouliakis,' ! Evangelia Aga,' Ari is,' Anita Mitra,l
George Makris.! Chrelias? Vassiliki 5 Evangelos jidis John 6. 7 and Petros Karakitsos'
"Departmentof Cytopathology, National and Kapodistrian University of Medical School, “ATTIKON® y Hospital, Athens, Graece; y and

Cancer, Instituts of Reproductive and Developmental Biology, Faculty of Medicine, Imperial Callegs London, and: “West Londan Gynaecalogicel Cancer Center, Qusen Chariote’s
and Chelsea, i Trust, London, Third Dapartment of Obstarri Dapartment of
Internal Medicine and Ressarch institute, University of Athens Medical Schaol, "ATTIKON® Universty Hospital, Athens, ‘Department of Obstetrics and Gynacology, University
Hospital of loznnina, and "Second Department of Pathology. University of Athens Medical Schaol,“ATTIKON University Hospital, Athens, Greece

Background. Methylation of the human papillomavirus (HPV) DNA has been proposed as a novel biomarker. Here, we cor-
related the mean methylation level of 12 CpG sites within the L1 gene, to the histological grade of cervical precancer and cancer. We
assessed whether HPV L1 gene methylation can predict the presence of high-grade disease at histology in women testing positive
for HPV 16 genotype.

Methods. Pyrosequencing was used for DNA methylation quantification and 145 women were recruited.

Results.  'We found that the L1 HPV16 mean methylation (+SD) significantly increased with disease severity (cervical intraepi-
thelial neoplasia [CIN] 3, 17.9% [£7.2] vs CIN2, 11.6% [£6.5], P <001 or vs CIN1, 9.0% [£3.5], P < .001). Mean methylation was a
good predictor of CIN3+ cases; the area under the curve was higher for sites 5611 in the prediction of CIN2+ and higher for position
7145 for CIN3+. The evaluation of different methylation thresholds for the prediction of CIN3+ showed that the optimal balance
of sensitivity and specificity (75.7% and 77.5%, respectively) and positive and negative predictive values (74.7% and 78.5%, respec-
tively) was achieved for a methylation of 14.0% with overall accuracy of 76.7%.

Conclusions. Elevated methylation level is associated with increased disease severity and has good ability to discriminate
HPV16-positive women that have high-grade disease or worse.

Keywords. cervical intraepithelial neoplasia; CIN; HPV L1 gene methylation; pyrosequencing; Human Papillomavirus
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Methylation of the .1 gene and integration of human
papillomavirus 16 and 18 in cervical carcinoma
and premalignant lesions

FRANCISCO ISRAEL TORRES-ROJAS!, LUZ DEL CARMEN AL ARCON-ROMERO?,
MARCO ANTONIO 1 EYVA-VAZQUEZ®, TULIO ORTIZ-ORTIZ', MIGUEL ANGEL MENDOZA-CATALAN',
DANIEL HERNANDEZ-SOTELO', OSCAR DEL MORAL-HERNANDEZ!, HUGO ALBERTO RODRIGUEZ-RUIZ!,
DINORAH LEYVA-TLLADES!, EUGENTA FLORES-ALFARO' and BERENICE ILLADES-AGUIAR!

Laboratory of Molecular Biomedicine and T aboratory of Cytopathology and Histochemistry, School of Chemical
and Biological Sciences, Universidad Auténoma de Guemero, Chilpancingo, Guerrero 39090, Mexico

Received October 21, 2016; Accepted September 13, 2017

DOIL: 10.3892/01.2017.7596

Abstract. High-risk human papillomavirns (HPV) is the
primary cause of cervical carcinoma (CC). Viral integration
into the host chromosomes is associated with neoplastic
progression, and epigenetic changes may occur as a result. The
objective of the present study was to analyze HPV L1 gene
methylation and to compare the use of quantitative polymerase
chain reaction (qPCR), in situ hybridization (ISH) and L1
methylation analysis as methods for detecting HPV integra-
tion. Cervical scrapes or biopsy samples positive for HPV 16
or 18, from 187 female patients with CC, squamous intraepi-
thelial lesions (SILs) or no intraepithelial lesion (non-TL) were
analyzed. Methylation of the L1 gene was determined using
bisulfite medification followed by PCR, and HPV integration
was subsequently analyzed. HPV 16 L1 gene methylation
was revealed to increase with histological grade, with statisti-
cally significant differences observed as follows: Low-grade
SIL vs. CC, P<0.0001 and non-IL vs. CC, P<0.0001. HPV 18
L1 gene methylation also increased according to histological
grade, however, no statistically significant differences were
observed. Methylation at CpG site 5608 of the HPV 16 L1
gene was associated with all grades of cervical lesions,
whereas methylation at CpG site 5617 demonstrated the stron-
gest association with CC (odds ratie, 42.5; 95% confidence
interval, 4.7-1861; P<0.0001). The concordance rates between
the various methods for the detection of the physical status of

HPV 16 and HPV 18 were 96.1% for qPCR and ISH, 76.7%
for gPCR and L1 gene methylation, and 84.8% for ISH and L1
gene methylation. In conclusion, methylation of the HPV 16
L1 gene increases significantly according to the grade of the
cervical lesion, and methylation at CpG sites 5608 and 5617
of this gene may be used as prognostic biomarkers. ISH and
L1 gene methylation have good concordance with gPCR with
regards to the detection of HPV integration. Therefore, these
are useful methods in determining the physical state of HPV.
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Increased methylation of human papillomavirus type
16 DNA is associated with the severity of cervical
lesions in infected females from northeast China

WEI WANG!, ZHENGRONG SUN, JIANHUA LTU', GUILIWANG!,
ZHITAO LU', WEIQIANG ZHOU®, TE QI' and QIANG RUAN'
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Abstract. Hypermethylation of the cytosine-phos-
phate-guanine (CpG) sites located at the 3-major capsid
protein L1 (¥L1) and the long control region (LCR) of the
‘human papillomavirus (HPV) genome may be associated with
the progression of cervical cancer (CC). However, the methyla-
tion status of the LCR of HPV type 16 DNA remains to be
elucidated in an infected Chinese population The aim of the
present study was to investigate the association between meth-
ylation of the HPV 16 L1 gene and LCR, and the severity of
cervical lesions in infected female patients. Therefore, bisulfite
medification, pelymerase chain reaction amplification and
sequencing were used to analyze 122 HPV 16-positive clinical
cervical swabs obtained from patients in northeastern China.
The proportion of methylated samples at each of the 7 CpG
sites within the 3-L1/5-LCR and 5 CpG sites within the
promoter region was significantly inereased in patients with
CC, compared with that observed in high-grade squamous
intraepithelial lesions (HSIL) and normal tissue/low-grade
intraepithelial lesions (LSIL) (3 test, P<0.01). The mean meth-
ylation frequencies of the CpG sites 7,089 and 7,143 exhibited
an area under the curve value of 0 822 [95% confidence interval
(CI)=0.733-0911] for distinguishing CC from ofher lesions,
0.787 (95% CI=0.700-0.874) for distinguishing normal/LSIL
from HSIL and CC, and 0.763 (95% CI=0.652-0.874) for
distinguishing CC from HSIL. These results suggest that the
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methylation of CpG sites within the HPV 16 3-L1 and LCR
region is correlated with the severity of cervical lesions.
Quantification of HPV DNA methylation in the L1 gene and
promoter region appears to provide a promising novel marker
for distinguishing between normal tissue/LSIL, HSIL and CC
in a Chinese population.
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Quantitative Measurement of L1 Human Papillomavirus
Type 16 Methylation for the Prediction of Preinvasive and
Invasive Cervical Disease
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Background. Methylation of the human papillomavirus (HPV) DNA has been proposed as a novel biomarker. Here, we cor-
related the mean methylation level of 12 CpG sites within the L1 gene, to the histological grade of cervical precancer and cancer. We
assessed whether HPV L1 gene methylation can predict the presence of high-grade disease at histology in women testing positive
for HPV16 genotype.

Methods. Pyrosequencing was used for DNA methylation quantification and 145 women were recruited.

Results. 'We found that the L1 HPV16 mean methylation (+SD) significantly increased with disease severity (cervical intraepi-
thelial neoplasia [CIN] 3, 17.9% [£7.2] vs CIN2, 11.6% [+6.5], P < .001 or vs CIN1, 9.0% [+3.5], P < .001). Mean methylation was a
good predictor of CIN3+ cases; the area under the curve was higher for sites 5611 in the prediction of CIN2+ and higher for position
7145 for CIN3+. The evaluation of different methylation thresholds for the prediction of CIN3+ showed that the optimal balance
of sensitivity and specificity (75.7% and 77.5%, respectively) and positive and negative predictive values (74.7% and 78.5%, respec-
tively) was achieved for a methylation of 14.0% with overall accuracy of 76.7%.

Conclusions. Elevated methylation level is associated with increased disease severity and has good ability to discriminate
HPV16-positive women that have high-grade disease or worse.

Keywords.  cervical intraepithelial neoplasia; CIN; HPV L1 gene methylation; pyrosequencing; Human Papillomavirus

Fit Plot for MEAN _METHYLATION

et )

cCiN2

HSTOLOGY _NUMERIC
e L] 96'% Corddence Lmis

o

o

(=]

o
o 8 Crsermtors "o
o o Porerveto 2
Srvce OF 42
E s a3 404
- 2 sery LS
AR R Equee O 636
CIN-3 ADENO-CA scc
— B

80
L)
3 «0
0
e
]
°
NEGATIVE

Journal of Cancer 2019, Vol. 10

Moan methylation in relation to histological outcomeo

CIN-1 2

4588

IVYSPRING
&v’ INTERNATIONAL PUBLEHER

Research Paper

Fournal of Cancer

2019; 10(19): 4588-4595. doi: 10.7150/jca.30081

Searching HPV genome for methylation sites involved in
molecular progression to cervical precancer

Christine Kottaridi?

, Danai Leventakou!, Abraham Pouliakis!, Vasileios Pergialiotis?, George Chrelias?,

Eugenia Patsouri!, Andriani Zacharatou!, Eleni Panopoulou!, Vasileia Damaskou!, Vasileios Sioulas?,
Charalambos Chrelias?, Sofia Kalantaridou?, Ioannis G. Panayiotides!

1. 2% Department of Pathology. University General Hospital “ATTIKON”, School of Medticine, National and Kapodistrian University of Athens, Athéns 12464

Greece
2

Athens, Athens 12464, Greece

= Comesponding author: Christine Kottasidi. MS<. MPH, PRD; p

2. 3 Department of Gynaecology and Obstetrics, Unaversity General Hospital “ATTIKON®, School of Medicine, National and Kapodistrian University of

hone: +30-210-5831959; E-mail: ckottaridi@gmail.com



SR g L.

e 5‘3!’5'5‘]/,: >
e s S O
— P

WS s EONI KO KAl KAMOAI STPI AKON ATANEKH 33T HO AGHNQN
< B° EPFASTHPI O MAOOAOTNI KHS O?ATOMI KHE
r

E

-
. 8
fﬁx‘( Al evBuvtning: MKavwaowyinomicd i g

hy'/‘

MANETT THMI AKO T ENI KO NOx2OK I O «ATTI KO

Mopt akn 01 € pg 0V nNoMRNAFTO LE KppupBaoindCo UTVW VT O
HoVvOoORPOWRDEL o0& TPOKAPKI VI KEC OAAOI WOEL C
pnTpag.

Ne Bev T Aowauwm , BMSxyPRD\Candidate



To o

Mikpa RNA popla

MIRNAS] MiRS: e€eAKTIKA cuvTnPNUEVA, LOVOKAWVOL
uopta RNA

21-23 nt, evtonilovtal og putd, (WO KOL OPLOUEVOUC
LoU¢

YrtoAoyileta otL urtdpyxouv touldxtotov 300 miRNAs

oTo avBpwrvo yovidiwpa ,cuviotwvtog ~ 1o 3% Twv
ekbpalopeVWVY yovidiwv

JUVLOTOUV HLa VEQ TAEN YOVLOLAKWY pUBULOTWY

Ta miRNAs rieptypagnkav to 1993 oto vnuatwon
okwAnka Caenorhabditi®legansvw o 6pog miRNAs
gLonxon to 2001

‘Eva miRNA pmopet va puBuilel tnv Ekppacn akoun Ko

Stakooiwv MRNA otoxwv ,1tou Umopel va gival
LETaypadLKOL Kol EKKPLTLKOL TTapAyovTeC, UTTOOOXELC N
Kol KuttapLkol StoBLBactec

Victor Ambros Rosalind Lee

Rhonda Feinbaum
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BioouvBeon twv miRNAs

MéE O OTOV TILUPRHVA

A Tayovidia twv miRNAs petaypadovral eite anod tv RNA e N wn
noAvpepadon Il eite and tnv RNA noAvpepadon lll oe | -
npwtoyevr) MiRNA petaypada (pri —miRNAs) pr4nRNA " hiomonro

\ . re-miRNA

A Ta pri-miRNAs, pe Goun cbousztaq (stem- Ioop structure), ootk P

VOUKAEOAUOVTAL Qo Eval oU UTAOKO TIPWTEIVWY, TO
oUUTAOKO HLKpOETEEEpYAoTWY (microprocessor complex)
.To oUuAOKO aUTo

oUyKpoOTELTal ano tnv npwteivn Drosha mou €xeL tov
KUPLO VOUKAEOAUTLKO pOAO Kal armo tTnv npwteivn DGCR8

poscsaaad

W Anpoupyia oupmAdkou
Drosha 5 miRNA - RISC

(DiGeorge critical region 8) mou katevBUVEL Kal DGCRS ’

&

otaBeporolel tn dpaon tng Drosha

A Tampddpopa miRNAs (pre-miRNAs) mou
arneAlevBepwvovtal pe doun poupketa (stem-loop
structure) Byaivouv amo tov uprva pe tn Bondeta tng
E&noptivne-5, mou Bploketal 0To CUUMAEYA TOU —
TIUPNVLKOU TTOPOU 03 UR




BioouvBeon twv miRNAs

TO KUTTOAOpPOTMAQOMUO

A To éviupo Dicer adarpei Tov Bpoyxo twv pre-miRNA }@P i
napayovtoc SikAwva TURpota PAkoug ~23 voukAgoTldiwy ,
TIoU £xouv 5 pwodopulwpeEva akpa Kal 3 TpoeEExovta
AKpa LRKoug 2 nt

Fam

/) § D Dicer
ASY  TRBP/PACT

AidoTraon Tou
pre-miRNA

pri-miRNA Metagopd
OT0 KUTfapOTAQopa

A Exel StamiotwOei 6t n avBpwrvn Dicer aAMnAemuSpad e
dUo oteva ocuvdedepevec mpwteiveg, tTnv TRBP (trans
activator RNA (Tar) binding protein) kot tnv PACT (protein
activator of PKR) oL omoiec cupPAAAOUV GTO OXNUATIOUO TOU
RNA cupmAokou mou emnayel tn yovidiakn olynon (miRNA- DOCRS
Induced Silencing Complex RISC 4 miRISC)

e == == = = = o o o

o
\Vw Anpnoupyia oupTTAGKOU
b 5 miRNA - RISC

v

e

Drosha

A Ta pBovoukheonpwreivikd cwpdtia (RNPs) tou meptéxouv
Ta SikAwva MiRNAs odnyouv to wppo povo miRNA oto

KATOAUTIKO oUpmtAoko RISC kal kat’ eméktaon oto mRNA- TomifiA < RECavappin

OTOXO YlO LETO-PETAYPAPLKA ATTOCLWTTNON
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microRNA Pathway
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A O PD-1 (Programmed cell death receptor-1)
glval HEAOC TNC uTtepolkoyeveLlac CD 28

A Eival StapepBpavikn mpwteivn tumou |,
aroteAeitol amo 268 auwoéea

A AvakahudOnke To 1992

A Ekdppaletal otnv eMPAVELD TWV
gvepyomolnuevwy T kat B Aepdokuttapwy

U €

Tasuku Honjo
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A O PD-L1 (Programmed death-ligand 1)  CD274 1) B7-
H1

A Eival StopepBpavikn mpwteivn pe poplako Bapoc 40
kDa

A Xapaxktnpiotnke otn Mayo Clinic

A EkdpdleTal 0T QVTLYOVOTIOPOUGLOOTIKA KUTTAPA, TOL
Tregs Kol Ta KAPKLVIKA KUTTOpA



SKOTMOE MHMEAETNC

A H Sepelivnon tou mpodih ékdpaonc Stadopwv microRNAs
TTOU OUMMETEXOUV OTn pLUOULON TOU povoTmaTtLoU
onuatodotnonc PD-1/PD-L1, mpokelpevou va KatavonBet
NMANPEOCTEPA O POAOC TOUC OTOV KAPKLVO TOU TPAXNAOU TNC
LATPOLC KOlL VOL CUCXETLOTOUV E TNV Ttapouoia tou HPV.

A H ékdpaon Twv miRNAs amoppubpuiletal otov Kapkivo,
EMOUEVWC Oa ekTlunOel n mBavn xpnon tTwv HeAeTNOEVTWY
HLOPLWV WC TIPOYVWOTIKWYV SELKTWV yLa TNV €€€ALEN TNC
VOOOU.



YAL KO Kal Mg O o

Erttdoyn twv mtpoc peAetn miRNA, ta omtota otoxevouv 1o mRNA tou yovidiov PD L-1 wote va
kKataotel Suvatn n LEAETN Tou TtPodiA tnC Ekdpaonc Twv MiIRNAs t0c0 o€ HGUGLOAOYLKO LOTO
000 Kol 0€ LoTIKA delypata mpoepxopeva amo diadopa otadla evéoemiOnAlakwy
aAAOLWOEWV TOU TPaXNAOU TN LATPOG.

H aAAnAenidpaon twv emtAeyeviwv miRNA pe to mRNA tou PDL-1 eAéyxBnke pe TtTn Xprion tTou
uTtoAoyLoTikoU epyaleiov mpoBAePng DIANA-miRPath v2.1

Ta miR-191, miR-23a, U6 snRNA ypnotlpomolouvial w¢ popla otabepnc Ekppacng
TIPOKELUEVOU ETITEVXOEL Kavovikomoinon Katd tn cuykplon tng ekppaonc Twv miRNAs
OTOXWV

Ta popla otoxol mou erAéxtnkav eivat hsamiR-106b-5p, hsamiR-2008-3p 10 hsamiR-
138-5p, ue oykokataotaAtikn dpacn kabwg epmodilouv tnv ekdpacn tou PD-L1 .

To hsamiR-1250-5p amoteAel oto)o yia to STAT3, petaypadlkdG MApPAyoVTa TOU EMAYEL TNV
éxdpaon tou PD-L1. To hsamiR-20a-5p aAAnAemibpa pe tnv 3’ apetadpactn mepLoxn Tou
STAT3, €XOVTOC WG ATIOTEAECUO TA LELWHEVA ETTIMES Ol EKDPOONC TOU KOl CUVETIWE KATAOTOAN
NG evepyormnoinong tou povormatiov PD-1/PD-L1



[fpodpopa OAaTOTE A

I O--l:- 0 )\ 0 y A p l e H c,) c Independent-Samples Kruskal-Wallis Test
1l AyvVwWgodel yphpart ]

o
APNHTIKH 16 £ 50007

S 40,00

E

& 30,007 .
CIN1 13 =000

= 10,00 -

o o
CI N 2 14 0.00 Negé‘tiue iz ZIM2-3 Cancer
Group=s 4

CIN3 13 Total N o0

Test Statistic 18,243
SCC 6 Degrees of Freedom 3
Asymptotic Sig. (2 sided test) ,00o

ADENOCA 6

1. The test statistic is adjusted for ties.



LUUTTEPAOCUOAT O

A miRNA 106b-5p Seixvel va umtepekdpdletal o€
vPnAoLBaBuec AANOLWOELC

A Mepattépw épeuva avapévetal va Seifel tnv emiSpoon
Tou otnV €kppaon tou PDL-1 oe emimedo mRNA kot
NMPWTELVNC woTe va amodeLxBet n mBavn KAWVIKA Tou

onuooia






