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O 10¢ Twv avBpwnivwv OnAwpatwv HPV

(Human papillomavirus)

v 'Evag Kowo¢ oe§0VAALKA HETASLEOUEVOC LOC TTOU UTTOPEL VL
MOAUVEL To d€ppa Kot Tov BAEVVOYOVO TOU TPOXNAOU TNG

HATPOLG
v Meplocotepo and 100 tUmot £xouv MARPWCE TauTomoLnOel
» 40 oo autoU¢ UItopei va HOAUVOUV TO YEVVNTIKG cUoTnpa

» 0 10¢ HPV petadidetot sUKOAQ aAKOMUN KOl HECW OTEVAC SEPUOTIKAG
emadnc

v Mepinou 15 HPV tunotl Bswpoulvtat
vdnAou Kivéuvou Kat pmopei
VoL TIPOKAAEGOUV
Kapkivo TpaxnAov Mntpog

1. Bosch FX et al. J Clin Pathol 2002;55:244-265; 2. Munoz N et al. Int. J. Cancer 2004;111:278-285;3.
Trottier H & Franco EL. Am J Manag Care 2006;12:5462-S472; 4. Franco EL et al. CancerJ
MNapookeun, 6 Maptiov 2020 2003;9:348-359.




Mowa n dradpopeTikOoTNTA TOU

HPV?

v' O HPV yapaktnpiletot amnd tnv LkovotnTd Tou va
SradevyeL amo to GUOLKO HNXOVIOMO OVOOGLOKAG
OLTLAVTINONG

» Aev mpokaAei tapia (my Hratitida)
» Aev KataoTtpEPEL ApECA TA KUTTOPO TOU EEVIOTN
» KaBuotepei tn pAsypovwdn andavinon HECW KUTOKWVWV

Margaret Stanley. Immune responses to human papillomavirus. Vaccine 2451 (2006) S1/16-S1/22.
Stanley, Lowy, Frazer. Chapter 12: Prophylactic HPV vaccines: Underlying mechanisms. Vaccine 24S3 (2006) S3/106-S3/113.
Munoz, Castellsagué, Berrington de Gonzalez, Gissmann. Chapter 1: HPV in the etiology of human cancer. Vaccine 24S3 (2006) S3/1-S3/10.
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EmiOnAtotpontiopoc HPV

Aeppatikec MUpHNKIEG
HPV 1-4, 7,10,26-29, 41,48,49,57,60,63,85

OnAwpata MpwKToyevvnNTKAC XWEOLC
HPV 2, 6, 11, 16, 18, 30, 40-42, 44, 45, 54, 55, 61

Kapkwvwporta MpwKtoyevvnTikg Xwpog
HPV 16, 18, 26, 31, 33, 35, 39, 45, 51-53, 56, 58, 59, 66,68,73, 82

OnAwpata Avwtépou AvanveuotikoU Kat OpOaApou
HPV 2,6, 11, 13, 16, 32

Akpoxopdovopopodn emdeppoduoniaocia (Lewandowsky-Lutz) kot
SCC

neseoreun, 6 vaprion 2000 HPV'S, 8,9, 12, 14, 15,17, 19-25, 36, 38,47, 90



H dopun tou ov

* O HPV &ival oXetika HKPOG LOG Kat TtepLEXEL SmAN €Ak DNA péoa og
odarpko ko idio to onoio amoteAeital anod 2 npwteivec, L1 ko L2
Circular dsDNA

- 4
HPV capsids,
approximately 55 nm in diameter

L1 protein pentamer L2 supporting protein

O1 Tutro1 HPV 16 ki 18 €ivan utrevBuvol yia > 70% Ttwv mepioTaTikwyv KTM

O1 Totro1 HPV 16,18,45 kai 31 givau utretBuvol yia >90 Twv TEPICTATIKWY AOEVOKAPKIVWHATOS

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



Papillomaviridae

ICANCER RESEARCH 38, 794, February 1976)

Etepovevr’]c OIJ,d.Ga l.(,bv (enkactLKd’ T[Tr]Vd_ Kal Epnetd) Condylomata Acuminata and Human Genital Cancer

Harald zur Hausen

nepLocotepol anod 150 TumoL £Xouv avixveutel otov avBpwmo ~

The subseguent review by Goldberg and Gravell (8) References
stresses the possible role of HSV-2' infections in human

. .
m m el cancer. siuies o T SmESLILEL PN S MARNIGE LY, Pz
u a n a I O aVI ru S_ e rn a r e a suggest an association of HSV-2 with this type of cancer 2 Bauer ‘and Friederich H- C. Paniscarcinom auf dem Baden
) ) 12,14y, with 1 (6). have failed sroanand S z

to demonstrate viral DNA by nucleic acid hybridizations in 2 D D o Ko . .
cervical cancer cells (Refs. 19 and 21: H. Schulte-Holthausen o - o
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
etiology of cervical cancer (19). " of merpes
It is the intention of this note to draw attention 10 a virus- Tissue. Proc. N

induced and virus particle-containing tumor revealing a -

Richard Edwin Shope 1933, PV anopovwOnkav yla mpwtn el e e T

. 852 Erangen. 7. Mepuniic of Germamy

Ginekol

Do G mn Ogivie, .. Unrassruct. fles. 22 262-291. 1568,
. nd N, Fragmaent
cas Cancer

13), which appears to differ from human wart virus when Hautars. 25 Va7
tested (20) or (1}. These 10 Kan. H. ana mw u Matgne umwanaiung ::n‘ﬂ m.go'”‘
I I I . . I particles can be by Py in about 4y a e
50% of all 13) to grow this
dopa amnod kouvveAla-Shope Papillomavirus n e e L ipirsar
condylomata have not been very successtul in the past
(unpublished data). 3. o

Genital warts seem to be transmitted primarily by sexual 44

contact and are predominant in populations of high sexual Herpasvirus Type Carcinoma of the Uterine
57527550 aes

CRPV (cottontail rabbit papillomavirus) e Eai it iy SO G e ULS S S 1 B &S s e o e

this tumor (3. 4, 7, 9-11, 15, 17). In particular. penile :::c::ﬂ 1{_‘." Mutasiatis Oarsinomm of riight Inguinal Lympn Node
have been to Within or at a 17, Sonck, . € Gonayiome Accuminats mit Ubergand in Karzinom. Z. Haut-

site of condylomata acuminata (2. 16. 18} Goschiecniskrankn . 6. 273278,
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 also 1o vulvar and perianal.
carcinomas. This is particularly unusual in view of the

INFECTIOUS PAPILLOMATOSIS OF RABBITS localization of genital warts. their mode of wenersal
transmission. the number of reperts on malignant
By RICHARD E. SHOPE, M.D. , and the of an agent toa wall-

aroup of DNA viruses.
Witz A NoTE oN THE HISTOPATHOLOGY
By E. WestTon Hurst, M.D.

(Prem the Deporiment o Animel ond Floms ethclons of The e S Harald zur Hausen, 1976

PraTtes 33 To 35

(Recsived for publicason, July 19,1939 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.

Em;ﬁumzﬂgeze as the basis for our description of the H a ra Id zu r H a u Se n

Description of the Naturally Occurring Disease

In wild cottontail rabbits the presence of warts has cnused no apparent d)s- 1983 Kal 1984
comfort in our experi and ind d no d evi ce of

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

appeared ifl and wero in food Bhysical condition when fally killed.  The number OTTIOUOVWOE TA TPWTO OTEAEXN

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

o] R, Wi firmished s it masad oot vy Erek HPV16 kot HPV18
Gissmann etal., 1984,

Mapaokeur}, 6 Maptiou 2020 Zur Hausen, 1996




Aral lalle anlins at wervscisncedinec toom

aclnnc:@nmlcfl VIROLOGY
ﬁE" Vimlogy 334 (2004) 727 _—
warae ke o omn oo te yvis

Pl review

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
"B TAR, Db Plos Sooses Coctary 55 Losuts, M0 63532, 084
“ Dz aoff Blockewdnrry amd MWoloruber (Fosnrion, Lehersing of ALsh ar Birmbephan, Bimbephon, AL 752040005 L84

dl&mﬂrﬂfﬁh&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

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 and i based on the traditional ariteria that the sequence of their L1 genes should be at lesst 1095, 2 —1(R%, and maxcimalhy 295
dissimilar Fom one another.
£ AWM Elsevier Inc. Al dghts neserved.

Karyweords : Papillomma vineses; HPY type; Pathogen

Alapopdwaon twv puAoyeveTkwy OEVTIPWY TwV PVs pe Baon:

* TN voukAeotdkn aAAnAovuyia,

e Ta BloAoylka xapaktnplotka (eibn Eeviotwy, LOTOC, aboyEvela,
OpYAVWON YEVWUOTOC)

Ofonioav tnv tagivopnon twv PVs og yevn

Mapaokeur}, 6 Maptiou 2020



Genus

Alpha-papillomavirus -

4 1
8 G_c-sn\ 10
hﬂzg g 2 7 40 s
665330 3 2810 32 74

PcPV )
70 5330 534 ccpy RhPVI
59 €8, 135
45”15 \
51 6926
N Z 73

Beta-

Delta-
papillomavirus

Epsilon-papillomavirus v Gamma-

Zeta-papillomavirus ’V APV

COPV BPV6 a
MmPV CRPV dev&v V BPV3

BPV4
PePV Mu- papullomavnrus
Lambda-papillomavirus

PsPV
Kappa-papillomavirus Nu- paplllomawrus
lota-papillomavirus

Pi-papillomavirus

Eta-papillomavirus {°FV
Omlkron-papillomavirus

X| papillomavirus
Theta- papullomavnrus

NEoc tumnocg HPV: aAAnAouyia L1
ORF>10% KovtwvOTEPO YVWOTO TUTIO-
Yriotunoc: 2-10%-Variant: <2%

MNapaokeun, 6 Maptiov 2020

@uloyeveTiko 6€vopo
e aAAnAouyiec tou L1
yovibiou

papillomavirus

de Villiers et al., Virology 2004

16 yevn PVs-

eAAnNViKN aAdaBnto amno to
ypappa-AAda HEXPL TO
ypappa M pe Baon ta
KpLtnplo mou Beomiotnkav



Auepa 29 yevn PV

Alpha

-

N opomapdBeon L1

TLOAAQTTA

aAAnAouxlwy 189 PV tunwv

B

X

Bernard etal., Virology 2010
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Human Papillomavirus (HPV)

Genus
Alpha-papillomavirus

Beta-
papillomavirus

Delta-
papillomavirus

OvPV1
3(
OvPV2
BPV5

GCPW

Zeta-papillomavirus ¥

Gamma-

. i o . ’
Epsilon-papillomavirus papillomavirus

MmPV PCCOP\;(’PVL Ei BPV3BPV J
CRPV
\_ BPV4
- b \-/PSPV\ Pi-papillomavirus
41 R \/‘
™ Omikron-papillomavirus
\Pip" Mu-papillomavirus f  Xi-papillomavirus
Lambda-papillomavirus
Kappa-papillomavirus
lota-papillomavirus

Eta-papillomavirus \FC_P"

Theta-papillomavirus

Nu-papillomavirus

MNapaokeun, 6 Maptiov 2020

v’ yévn otov GvOpwmno
AAda-, BAta-, Mappo-, M-
Kot NLi-PVs

39/45/59/51/56
= 18 related
(“A7 species ”)

31/33/35/52/58
= 16 related
(A9 species)




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



H opydvwaon tou yovidtwpatog

tou HPV

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

MNapaokeun, 6 Maptiov 2020



aBavatomnoinon TPWTEIVEC

16-18 kDa, 150 aa I |

e AAAnAsemiépaon TnG UE

TNV OYKOKOTAOTOATLKA OvuBwtitviwon tng p53
npwteivn p53 ‘ Kot anodopnon thg oto
E6+p53+E6 ouBLKouTIVIKA 26S nMpwTteAcwWOL

Awyaon E6AP
v" 1ovo ot tumot uPnAou Kwv8UvVou SLEyEipOUV TO HOVOTIATL TG
ouBLKouTViWOoNG Kat TNV armodopnong tng NPWTELvNg
Alotipnon HEYAAWV TEAOUEPWV
e Evepyomoinon tTn¢ KATAAUTIKAG ‘ KOLTAL TNV KUTTOPLKA Slaipeon
untopovadog tng teAopepaonc hTERT QVAGTEAAOVTOC THV KUTTAPLKA

yfipavon 1

ABavartonoinon Twv KUTTApwvV

Mapaokeur}, 6 Maptiou 2020



” oo Metacymuoncuog
H I,lKn E7 T[pw'tsl_\[rl IpcSsom pRb Kot arowodormen  Apspiopds - Metacnuoncpuss

CR1, CR2, CR3 ouvtnpnuéveg Qs ham—

ePLOXEG-100 aa | |
 AAAnAenidpaon TnC HE TNV v Tl Y
OLKOYEVELOL TWV NMPWTEIVWV TOU
petwvoBAactwpatoc (pRb, p107 Gigtase ‘
‘Rb)
KOl p103) l Unphosphorylaﬁ Rbis //‘
Rb inhibits E2F. phosphorylated.
‘@ Phospnorylated Rb__
no ionger innibits -
v endyeL tnv amokododunon t¢ pRb péow tou Eﬁiﬂw P\»
LovoTtaTtioU TOU OUBLKOUTIVIKOU TIPWTEOCWHATOC E2D 3 ~
, , G for DNA
v ouvOEETalL pE TIC KUKALvEC A kat E kall PE TouC i e b
QVOOTOAELC TWV KUKAVO-EEAPTWIEVWY KVOGWV - gg:::f:,’: :f’,;{:::fed
(cdk) p21 kat p27 ——> enAyetaLn S phase ‘ —

dwodpopuliwaon tng pRb 1

ATtoppUOMLON TOU KUTTOPLKOU KUKAOU LLE GUVETIELQL
TOV AVEEEAEYKTO KUTTAPLKO TTOAAQTAQOLAGHO

MNapaokeun, 6 Maptiou”2020



E6 & E7—enidpacn otn puOLON TOU KUTTAPLKOU KUKAOU

Ear =y

/\p21c‘p1
@v @i Cdk2/cyclin E 4_‘

\’pRB-E2F —» E2F + ppRB

i ,T hTERT

( Expression & \
:._. \of E2 protsin)) | E6/E7 protein )

|
' 4 é - y /}Slabllltyt;i' \
7 / -— early gene |
7 c ~ transcripts
URR vé “ S, y * Expression of
— disruption of E2 | - virus-host fusion -
\ \ \ ORF '\ transcripts

 HR-HPV
" Integration |

Frequent Semmama =
;. = L1* URR E6 E7  E1 _

Minimum Integrated
region

Host Poly(A) ‘

Rare

L IL IL |
T

Disrupted 5' Full length HR-HPV in Disrupted 3'

*AVO.OTOAN TWV OYKOKOTAOTOATLKWY Yovidiwv p53, pRb
*Kuttaplkn aBavatomnoinon

*KakonOng LETAOXNUATLOMOC

* [evwLKA aotdBeLla



EPITHELIUM ° ca" ﬁ’\ 74

T g V51
O O LATENT INFECTION
PRODUCTIVE INFECTION

KukAog {wng tou Lov

Integration of HPY DNA
Co-factors: STDs, smoking,
uuuuuuu ppression

* AkoAouOel to poypappa Stadopomnoinons Twv
KEPOTLVOKUTTAPWY TOU EEVLOTN

 To uka cwpoatidla tpocsBailouyv toug emtBnALakou
LOTOUC LECW ULKPOTPOUUOTLOMWVY Eicodos 100 10%

* O OC eloPaAeL ota KUTTAPA TNG
Baowknc otolBadac

Mapaokeur}, 6 Maptiou 2020



Metaypadn Tou LLKoU yovidLwunatog

Viral protein expression
o8 S ¥ 0 OYLHOG UTTOKLVNTHG
Virion formation ||, e : '5 EVEPYOTOLELTOL ELOIKA OE
andrelease || = "~ - ‘ fy) |¢ Stadopornotnuévec
%' e e g 1N L2 otolpadec Tou emOnAiov
Vialgenome|| ¢ . L, v | MG
ampificaion|| ' “ " : % 4
s o b oyl
Transit amplifying oA '.c,' FoR
cells camy vl genomes. 1, 1 J bty &"' \y Al
as they differentiate l i Ma Y U O
: Persistent ‘v ‘:' 'u« ! ”f. thy ’ ~‘|ﬁ‘ Ta E1,E2,E4,E5, E6, E7
infection in ‘-" | %‘n\% ;: EBET B Bpiokovtou uTO TOV ANECO
basal Iayer €AEYXO TOU TTPWLLOU

HETAYpadLKOU UtOKLVNTH

H ékdppaon twv yovidiwv tou Lov eaptatot ano
TO Mpoypappa dtadopomnoinong twv
MNapaokeun, 6 Maptiov 2020 K£pa'thO KU't'tdpwV



Normal cervix Sguamous intraepithelial lesion Invasive cancer
1 Lowr grade High grade .3

Cervical intraspithelial neoplasia

I —— 1
Grade1 =i Grade 2 Grade 3
S sﬁ‘,’:.’;g' i Il-gz‘a’tes‘ioco years _ 14 develop into cancer,
Infectiowus viral partidles - " = E i rest heal within 2 years
enters cells through _
micro-abrasions -
LR 3 - - -
Sqguamous epithelium =

. normal skin l.ayers
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 @€ Expression of early

viral DNA and iate genes
&3 Normal nuclei

* 0 10¢ HPV swoépyetal ota KUTTApPA TNG BACLKAG LEUBPAVNC LECW HLKPOTPOAUMATIOUWV
oTo eMONALO TOU TPpOXAOU.

 Metd tn poAvvon ta npwipa (Early) yovidwa E1, E2, E4, E5, E6 kaw E7 ekdpalovran ko
TO WKO yovidiwpa avtiypadetal.

MNapaokeur}, 6 Maptiouv 2020 ﬂatllre

Woodman et al. Nature Reviews Cancer 7, 11-22 (January 2007) | doi:10.1038/nrc2050 REVIEWS




Normal cervix Sguamous intraepithelial lesion Invasive cancer
LI Low grade High grade i

Cervical intraspithelial neoplasia

| 1
Grade1 =i Grade 2 —_— Grade 3
S sﬁ;’:.‘;g' HPVv 1030 years _ 4. develop into cancer,
Infectious viral particles s " rfellcit.es rest heal within 2 years
- e

enters cells through
micro-abrasions
=3

Midzrone G . | - o ~
» 7 S I A CBLI SO0
: A "’-'jnd."‘ - (,,‘o . ¢°
ey e [ Slololololoiololobigel c%@?ﬁ%“

Dermis E ——

&3 Nucleiwith episomal D Oversxpression of Integration
viral DNA E6 andEZ7 Lz 12 LCR Er E2
€3 Nucleiwith intergrated § Expression of early I T —————T |
viral DINA and iate genes | |
& » Normal nuclei Host Es Ez jHost
DNA DNA

2TOL LVWTEPO OTPWHATO TOU £TLONAiov, TO UKO yoviSiwpa avilypAadeTol LE YPNYOopPOTEPOUG PUOUOUC Kot
ekPppalovral ta yovidia L1, L2 ka E4, To ooiot CUMUETEXOUV GTO OXNHOTLONO Tou Kaidiou Kat otnv
aneAevOEépwon TWV LOCWHATIWV.

H g€€A€n Twv KUTTAPLKWY XAAOLWOEWV O€ S1NONTKO KaPKivo OXETI{ETOL LE TNV EVOWHUATWON TOU LLKOU
YOVLSLWHLOTOC GTO avOpWILVO XPWHOCWHA, LE TV anwAela EkPpaong tng E2 npwteivng kat thv
enokOAovOn unepékdppacn Twv yovidiwv E6 ko E7

: i nature
Noapaokeun, 6 Maptiov 2020 Woodman et al. Nature Reviews Cancer 7, 11-22 (January 2007) | doi:10.1038/nrc2050 REVIEWS




HPV detection: Basic principles

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

Mapaokeun, 6 MapTtiou 2020



DNA

*MéeBodot mou Baoilovtar oto PCR
*MéeBodol mou Baoilovtal oto real-time PCR
*MéeBodoL mou ¢ Baoilovtal oto PCR

RNA

MéEBodoL mou aviyvevouv to mRNA
E6 kat E7 oykoyovidiwv Tou Lou

Mapaokeur}, 6 Maptiou 2020



5 3’
< >
3’ 5’
¥ Denaturation(i PCR
5’ »3'
+
= :
Annealing(A] ‘
.v Elongation [E) ‘
S5 3’ - & 3}
—{F 5’ 3 D=
\d | | | 4 |
5 >3 5 3
+ B + Buffer
) $ (A[E] o ’ $ (A[E] ) Primers
> - 315' 35
3’ 5
5 3 5 5
3 5’ 3" 5"
‘ B AE DNA template
8. = 7 5
s 5 . :
3 5 3 3
3" 5’ 3 5
5 3 5 2
3 5 : 3

Exponential growth of short product
n3® = 68,719,476,736 copies in~ 2 hrs
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MeBodbol mou Baoilovtol oto PCR-gvioxuon

oTOXOU
*AMPLICOR® - LINEAR ARRAY HPV GENOTYPING Tests
*CLART® HPV2 =
*INNO-LiPa HPV-SPF10LiPA25 P "
*HPV Direct Flow-chip Q (
*PapilloCheck® HPV-Screening o B/
*Hybribio 21 HPV GenoArray Ty

*GenoFlow HPV array (DiagCor)
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31 33 35
39 45 51 52

53 56 58 59 66
68 70 73 82 85

40 42 43 44 54

62 71 72 81 84 89

Y\l

Extraction
Liquid cytology
swab =

Paraffin embedded
tissue

11!
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Microarrays Technology

Biochip (3x3mm):

probes in triplicate

Internal control for nucleic acid extraction

Internal control for PCR inhibition

- »
-..
K - & o o o ©
® - & e ®© © o
o o © e *
«6‘....
® ® o =
® ® & =
A Sl el gaar =
6 e © & g @

ArrayStrip with

tured and DNA- or protein arrays

nsive
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PCR mpaypotikou Xpovou
Real time PCR/Q PCR

Reporter and
quencher-marked
probe

‘l / '
»Baoiletal otnv aviyveuon Kot nooouxonomon—svoq

$Oopilovrtog popiov avadopadg (eLbkov yLol
OUYKEKPLUEVN aAAnAovuyxia) og KaBe KUKAO :}‘ K

avtiépaonc PCR

.\\
~
—

Target DNA strand
hybridized with probe

Aev anauteital avaAvon ue nAektpopopnon




PCR npaypatikov xpovou (qPCR)

» EmutpEnel

v'tnv adLaAeuttn napakoAovdnon Twv
npoilovtwv tn¢ PCR katd tnv evioyuon LEow
NG MLETPNONG TOU EKMEUTIOMEVOU PpOopLopOU
TWV TPOIOVIWV o€ KABe KUKAO




PCR npaypatikov xpovou (qPCR)

» ETutpEmnel
v Tautomnoinon Tou KUKAOU €Ll0O0S0U oTnV EKOETIKN
daon (KUKAOC-KaTtwdAL) Ko, TNG OXETIKAC
noooTtikomnoilnong tn¢ untpoc DNA otnv apxn
TNC avtidpaonc.
v Ta tpotdvta tou oA AaoLla ol avallovTol o€
TIPAYUOTLKO XPOVO OTIWC ouvTiBevtal og kKaBe KUKAO.

Threshold

T
25

Mapaokeun, b Maptiou 2020 Cycle Number



MeBodot mou Baocilovtal o€ PCR
TIPOYHOTLKOU XPOVOU

ecobas® HPV Test '

*Anyplex™ Il HPV28 Detection '

*Abbott RealTime High HPV cotes amootFY
Sacace 14 HR B

.
:..| e — — p—

2.0
2

Anyplex™ II

HPV28 Detection

Simultaneous detection of 28 HPV types
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HPV Genotypes 14 Real-TM Quant

4 tubes strip for any

X
ki
b
W
b
9]
-
\I

10)0)
N )

add K1 16,18,31 ,IC
add K1 39,45,59.IC

5 7 9
SEORONORS
cincalsample ©) (© © © (© (©) add K1 33,35,56,68
o0 O 6 O (©) add K1 51,52,58,66
PCR-mix-1 16,18,31, IC © © © © © © © ® add K2 16,18,31,IC
PCR-mix-1 39,45,59,I1C © © © ©© O © © (O) add K2 39,45,59, IC
PCR-mix-1 33,35,56,68 ©) (© (© (© ((© © (© (O) add K2 33,35,56,68
PCR-mix-1 51,52,58,66 0.0 6 6 6 0 06 (@) add K2 51,52,58,66
2 4 6 8 10 12 14 16 18
\ \ Strips for standards (K1, K2)
Strip for negative control
FAM JOE ROX Cy5 < g .
. For quantitative detection and
16 31 18 IC genotyping of Human
39 45 59 IC Papillomavirus
a3 | 35 | ez ED (16, 18, 31, 33, 35, 39, 45, 51, 52,
= P 56 1 56, 58, 59, 66 and 68)
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Negative clinical sample

Amplification Plot
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14 High-risk HPV with 16/18 Genotyping Real-time
PCR Kit

- 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' Demonstrate no cross-reactivity with non-high risk HPV
genotypes, ensuring that positive results are clinically
meaningful
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*12 HR: 31, 33, 35, 39,
45, 51, 52, 56, 58, 59,
66, 68

*[ovotumion: 16, 18

v v
/'/./ \\\
. %, @
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.

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

*[ovoturnion: 16, 18



Amplification Plot

' '
. .
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legend

Bic BHPvie BIHPV18 [ Other High Risk HPV
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MeBobdot mou b€ Baoilovtol oto PCR-pgBodoL
EVIOYUONC GNLOTOC

*digene Hybrid Capture 2 Cg)/ ZStCZ
*Cervista® o




digene Hybrid Capture 2

*XPNOLUOTIOLEL Hiypa arto avixveuteC RNA mou avtlotoouVv GTouC
TUTIOUC TOU LOU TTOU OVLXVEUEL

*Atadikaoia avixyveuonc DNA:RNA uBpdiwv pe xpnon edkwv
LLOVOKAWVLKWV OVTIOWUATWY KoL XNUELODWTAUYELOC VLol TNV
MOLOTIKN avixvevon 18 tunwv yapnAou kat upnAov kivéuvou HPV
*Aladpoporoinon o SUo opadec HPV DNA

eXapunAou kKwduvou (6, 11, 42, 43, 44)

*YynAou kwduvou (16, 18, 31, 33, 35, 45, 51, 52, 56, 58, 59, 68)
*EUKOAN O0TN XpNOoN YLa KAWLKEC LEAETEC-TIPOCHEPETAL VLA
QUTOMOTOTIOLNON-LOXU PN KaL avoropaywyLun nebodoc

*AEV EMUTPEMEL TNV AKPLB YOVOTUTILGN TOU LOU

*Alyotepo gvaioOntn ano tnv PCR
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Cervista™ HPV HR Test Design

Eviupatikn 6paon tng voukAeaong Cleavase®
(Hologic™, Inc)

MéEBobo¢ evioxuong orpatog

lcoOepULKEC OVTLOPAOELG

Avixvevon ¢Oopilopov

51, 56, 66

18, 39, 45, 59, 68

16, 31, 33, 35, 52, 58

2
B g
ki Cafv1
5 I Fihe
5 ey *Bqp Rhl o Fha -y
3 RhE -+
- P Rh
e 5108 Rhh "
h 04 [5G fihk Tha
: oy z
. Rhi
’ Rhm
Aggsy 61
G053 ; 54 A7
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i/ =
o i 45 3%
= PCPY1 . -
= 55 1 70
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& 65
a2 /ﬁ 51
o, 3o i
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a7 5039
. = an
52 K
31 A6
C 35, 5 34

Ly

[

e  (DUAOYEVETIKO S£VTpPO TNG A UTIEP-
owkoyéveilag HPV, Baoilopévo otnv L1
TLEPLOXN TOU LoU

e Cervista HPV &ivau €16k0 yua toug HR
YOVOTUTIOUG TtOVU £X0UV eMAEYXO<ei ano
TG A5/A6, A7 & A9 UKEG OMASEG:

de Villiers et al., Virology, 2004



®

Invader Chemistry sy
Human DNA rPVesoeciile
1 1 1 A 't?‘!fga.tg
H xnueila Invader xpnolOTIOLEL EVIOXUGHN OAUOTOC

’ P ’ Cleavage Clea_vage
Kal avixveuon ¢BopLopou, mapayoviag Sl te
EKATOMHUPpLA LKA orjpaTa pog avixvevon dla & frobe
LECOU TOUTOXPOVWV SUTAWV LooBEpULKWV | .

Invader®Qligo Invader®QOligo
avTtOpAoEwWV, OL OTIOLEG: g = ) g G )
1. EmBeBaiwvouv tTnv uUaPén ENOPEKOUC Released 5” Flap Released Siblep
nocotntag DNA oto uno e€€taon deiypa — o
2. Avixvevouv tnv unapén twv 14 HPV Cleavage ClecRege

7 ’ St , Olte
Xapaktnplopevwyv w¢ HR amro tnv IARC ._K , i ! ,‘??)
(International Agency for Research on Cancer) ' ,

J 7 7 \ | ) m
2TNV MPWTOPXLKN avTidpaon, 0 ECWTEPLKOC :EI

naptupoc 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

Repeating Process
Amplifies Signal

5€lVI~10(- Napaockeur, 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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MéEBodot aviyxvevonc HPV E6/E7 mRNA

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

Mapaokeun, 6 Maptiouv 2020



(Clear focus on the key risk factor: EtE I
. HPV DNA Tests Nu(liSEr‘JS[’Ea?Zg_HPV E6 o
ATE S NucliSens EasyQ® HPV

A y ,/.z’,is f ’.;.";;/ E6 3 . .
W v | ET (B.omemeux, France)

i D NA indicates E6/E7 mRNA indicates E6/E7 oncoproteins
presence of HPV activity of HPV oncogenes induce cell transformation

v'BaoileTal oTnv moI0TIKA avixveuon mapayopevou E6/E7 mRNA amé Ttouc uynAou
KivoUvou TUmouc HPV 16, 18, 31, 33 ka1 45

v’ Xpnoigotolei popitakoU¢ 1xvnOétec (molecular beacons) yia tnv avixveuon Tou
TTdpAyOUEVOU TTPOTOVTOC

v ANiaBéTel eowTePIKG pdpTUPA

A Lo
ANA | 5

Primer 1 hybridization 5
containing T7

AT (1

RNase H (2)and
primer 2 hybridization b

AT (@) 3-

Real-time detection by NASBA

Molecular beacon
DNA probe

NASBA RNA : o 10 20 30 40
\ Time (minutes)

Narmized fluerescence
| H
o
o
)

Intensity



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 | € GEN-PROBE

Aptima HPV (Hologic)

e Transcription mediated amplification (TMA) of
HPV mRNA with chemiluminescent

e Qualitative assay for detection of E6/E7 mRNA of
14 HR HPVs
(16/18/31/33/35/39/45/51/52/56/58/59/66/68)
with optional typing for 16 and 18/45

¢ |Internal controls and calibrators

e Sample stability in ThinPrep for up to 30 days,
Aptima Specimen Transfer 105 days (2°C to 20°C)
or 24 months at <-20°C

e 1 ml of LBC, swabs, urine...

MNapaokeun, 6 Maptiou 2020
Hologic Panther training manual (Panther TM 2015 902732)
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RNAse H
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HOLOGIC" | ¢ cen-rrose
Aptima HPV (Hologic)

e |[solation of target mRNAs from cell lysate using

H Panther - Sample:
magnetic beads Magnets: ; RNA Target sequence
creates R - .
e Chemiluminescence detection using the moste CRES : i
H H : f 5T TCR: Poly-T
Hybridization Protect Assay (HPA) s e
" magnetic particle

TCR: Assay specific
capture oligonucleotide
with poly-A tail HoLoGIC

120,000
™y I LNy
ANsr N J =
3 100,000 *cT /\‘.\J/\\\ Syl Auto Detect ' ‘y\ N\ NoLight emitted
3 GC A N\ | Fluids Added = (low RLUs)
L +CT +GC <N ~
‘= 80,000
=
=
=
o) ©0,000 )()(\
2 AN X0 i T " .
: /. R oS o Auto Detect T W '@, Light Emitted
> 40,000 - 2y ’u“x\‘\g\'\ x\ Fluids Added N, S (high RLUs)
© =0\ 3 AN B
s f ~
[} O
o 20,000 HOLOGIC
o
13 5 7 9 1113151719212325272931333537394143454749
Time Interval (2 seconds)
HOLOGIC
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HOLOGIC | % cen-rrose

Analysis

e Automated analysis of calibrators and
Negative Calibrator

Sample resu":S Analyte| =0 and =45,000 RLU
e |C cutoff (flasher): 0.5 x [mean IC RLU of 'C| =75,000 and < 400,000 RLU

Positive Calibrator

the valid Negative Calibrator replicates Analyte| = 480,000 and < 1,850,000 RLU
IC| < 450,000 RLU

e Analyte cutoff (glower): [mean analyte
Aptima HPV oo
RLU of the valid Negative Calibrator |assayResur | Criteria

Analyte S/CO < 0.50

replicates] + [0.09 x mean analyte RLU of | negatve | ic=iccutor

IC = 2,000,000 RLU

the valid Positive Calibrator replicates] Analyte S/CO > 0.50
Positive IC < 2,000,000 RLU
e Signal to Cutoff (S/CO) = RLU el
Sam plE/ Analyte cutoff Invalid Analyte 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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OncoTect E6/E7 (Incell Dx)

v Kuttopopetpia poRc-HECO aViXVEUONG TNG

unep-ékppaong tou evéokuttapiov mRNA twv

yovidiwv E6 kat E7 OAwvV Twv 0yKOyovwv TUTIWV

Tou HPV w¢ OUVERELA TNG EVOWUATWONGTOU LOU ' e
OTO YEVWHLKO DNA

v'Baoiletow otov uBptSLopd evog FAM — —
oNUAcHEVOU piypatog HPV ixvnOetwy ot
KUTTOPO EEWTPAXNAOU MPOEPXOUEVA OTLO ' . . o
gevawwpnpa os praAidio kuttapoloyiag uypng l 6 : . e
(I)donq (Thinprep®) o Action N Action auired The sample is feady for analysis on the flow cytometer.

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

Papillomavirus E6 and E7 mRNA Quantification by Flow Cytometry. American Journal of Clinical Pathology -

123: 716-723.
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Analysis

e Gating of cells of interest usinga 2

FSC/SSC dot plot

 Percentage of green fluorescent
cells is calculated on gated cells )

e Cut-off for cells set by using

1.4%

clinically negative samples (1.5%
for our lab)

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 14 HR All HR

Typing 16, 18/45 None 16, 18, 31, 33, 45

Isolation mRNA None DNA & RNA

Detection Chemiluminescence Fluorescence Fluorescence

Automation Full Semi Semi

Result analysis Automated Lab cut-off Automated

QA Calibrators / IC Fixed cell lines PC, IC

Throughput 275 / 8h 24 / 4h 28 / 8h

Expandability None mRNA or proteins None

References (Szarewski, 2008; Castle, 2011; (Kottaridi, 2010; Coquillard, 2011; (Molden, 2006; Szarewski, 2008;
Ratnam, 2011; Spathis, 2012) Keegan, 2009; S¢rbye, 2014)

Castle, 2015; Reid, 2016)
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Ermwyevetikec aAAayec kot HPV

*H eppévouvoa Aoipwén Kol EVOWUATWON TOU LOU-EMLYEVETIKEC AAAAYEC

*MeBOuAiwon tou koL DNA kat tou DNA tou £evioTh, TPOTIOTIOL|OELC
NG LotovnG Kot dtapopormnoinon tng Ekppaonc pn Kwdikwv RNA
popiwv (MiRNAs, IncRNAs)

*H pUOLON TNC peTaYpadNC TWV YOVISLWV TOU EEVIOTH MEOW
ETMLYEVETIKWV HNXOVLICUWYV, GUUIANPWVEL TN 6paon Twv
OYKOTIPWTEIVWYV TTPOC TOV KUTTOPLKO
HETOOXNUOTIOMO (ab€non KuTtoPLKOU
noAAamAaolocpou, dtapuyn oVOoLOKAC
EMLTAPNONG, OVOOTOAN OIOTITWONC)




MeOuAiwon tou ukou DNA

MnXQaVviIoHOC TTOU XPNOLLOTIOLEL O LOG YL VA TTOLPAUELVEL OTOV EEVIOTH

H pebuliwon ota L1 ko L2 yovidia ntapoucialel avénuéva mocootd
OTA KOPKLVIKA KUTTOpQ

H pebuliwon otnv LCR avTikpoudEVa EVpApaATa

H pebuAiwon oto 3’ LCR pnopei va oXeTL{ETAL LE TNV EMCWHOTIKA
KOLTAOTOLO TOU LoU
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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
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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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China Medical University, Shenyang, Liaoning 110004, PR. China
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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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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
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Mopakn dtepelvnon tng Ekppaong twv miRNAs ntov puBuifouv to avoclako
povornatt PD-1/PD L-1 o€ MPOKAPKIVIKEC AAAOLWOELG KOl KAPKLVWHOATO TPOXAOU

HATPAG.

NeBevtakou Aavan, BoAoyog, MSc, PhD Candidate



Mikpa RNA popla

MiRNAs | miRs : eEeAKTIKA cuvTNPNHUEVA, LOVOKAWVA
uopta RNA

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

YrtoAoyileta otL urtdpyxouv touldxtotov 300 miRNAs
oTo avBpwrvo yovidiwpa ,cuviotwvtog ~ 1o 3% Twv
ekbpalopeVWVY yovidiwv

JUVLOTOUV HLa VEQ TAEN YOVLOLAKWY pUBULOTWY

Ta miRNAs nteplypadnkav to 1993 oto vnuatwdn
okwAnka Caenorhabditis elegans evw o 6poc 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

Méoa otov nupniva:

Ta yovidia twv miRNAs petaypadovtat eite amno tnv RNA
noAvpepadon Il eite and tnv RNA noAvpepadon lll oe
npwtoyevr) MiRNA petaypada (pri —miRNAs)

Ta pri-miRNAs, e Goun cbousztaq (stem- Ioop structure),
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
(DiGeorge critical region 8) mou katevBUVEL Kal
otaBeporolel tn dpaon tng Drosha

Ta npodpopa miRNAs (pre-miRNAs) rou
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

/ b Dicer
A} TRP/PACT

28

pri-miRNA Aidomaon Tou

a10 Kurfapomhaoya poaiRiA

poscsaaad

W Anpoupyia oupmAdkou
Drosha 5 miRNA - RISC

- v

&

TomiRNA - RISC avayvuwpile!
103UTR




BioouvBeon twv miRNAs

21O KUTTOPOTAQ oM

To €vlupo Dicer adalpei tov Bpoyxo Twv pre-miRNA
napayovtoc SikAwva TURpota PAkoug ~23 voukAgoTldiwy
TIoU £xouv 5 pwodopulwpeEva akpa Kal 3 TpoeEExovta
AKpa LRKoug 2 nt

Exel StamiotwOel 6tL N avBpwrtivn Dicer aAANAeTUOpaA 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-
Induced Silencing Complex RISC 4 miRISC)

Ta ptBovoukAeonpwTteivika cwpatio (RNPs) ou mepléxouv
Ta SikAwva MiRNAs odnyouv to wppo povo miRNA oto
KATOAUTIKO oUpmtAoko RISC kal kat’ eméktaon oto mRNA-
OTOXO YlO LETO-PETAYPAPLKA ATTOCLWTTNON

Drosha

DGCR8

fp' pre-miRNA

pri-miRNA

=3
XX

Mejapopd
OT0 KUTfapOTAQopa

/) § D Dicer
ASY  TRBP/PACT

TN
AidoTraon Tou
pre-miRNA

“IIIXIXIXIII

Anpioupyia ouptrAGKOU
miRNA - RISC

v

e

To miRNA - RISC avayvwpile
10 3'UTR




Arnoclwrnnon tTnc yovidlaknc ekppaonc

microRNA Pathway

Pri-miRNA Pre-miRNA Mature miRNA

Cellular Gene Q c

Drosha Dicer
miRNPa
P - 4

Exactly Partially

Complementa‘ry/ Xiomplementary
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MRNA Degradation Translational Inhibition




2XETIKA pe PD-1

O PD-1 (Programmed cell death receptor-1)
glval HEAOC TNC uTtepolkoyeveLlac CD 28
Elval dwapepBpavikn npwteivn tumou |,
aroteAeitol amo 268 auwoéea
AvokaAUdBnke to 1992

Ekdppaletal otnv eMPAVELD TWV
gvepyomolnuevwy T kat B Aepdokuttapwy

Tasuku Honjo



ZXETIKA pE PD-L1

O PD-L1 (Programmed death-ligand 1 ) n CD274 n B7-
H1

Elval dtapepBpavikn npwteivn pe poplako Bapocg 40
kDa

Xapaktnplotnke otn Mayo Clinic

Ekdpaletal ota OVILYOVOTIOPOUGCLOOTLKA KUTTOPA, TO
Tregs Kol Ta KAPKLVIKA KUTTOpA



2KOTIOC TNC MEAETNC

* H &lepevvnon tou poPiA ekppaonc dStapopwv 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.

* Hekdpaon twv MiRNAs amoppuBOuiletal otov KopKivo,
EMOUEVWC Oa ekTlunOel n mBavn xpnon tTwv HeAeTNOEVTWY
HLOPLWV WC TIPOYVWOTIKWYV SELKTWV yLa TNV €€€ALEN TNC
VOOOU.



YAWKO Kot M€Bodol

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 ou emtAextnkayv eival hsa-miR-106b-5p, hsa-miR-200a-3p 10 hsa-miR-
138-5p, pe oykokataoTtaAtiky dpaon kabwc epmodilouv tnv Ekdpacn tou PD-L1 .

To hsa-miR-125b-5p amnoteAel oto)0 yLa To STAT3, peTaypadLKOC TTAPAYOVTIO TTOU EMAYEL TNV
ékppaon tou PD-L1. To hsa-miR-20a-5p aAAnAemibpad pe tnv 3’ apetadpaotn MEPLOXT TOU
STAT3, €XOVTOC WG ATIOTEAECUO TA LELWHEVA ETTIMES Ol EKDPOONC TOU KOl CUVETIWE KATAOTOAN
NG evepyormnoinong tou povormatiov PD-1/PD-L1



Mpodpopa arnoteAEcpata

lotoAoywkn ApLOpag _
’ . Independent-Samples Kruskal-Wallis Test
élayvwon Selypatwyv |

APNHTIKH 16 g ]
CIN1 13 Z e :
CI N 2 14 e.e0 MNegative CIM ﬁ

CIN3 13 Total N w0

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.



JUMITEPAOHATOL

MiRNA 106b-5p deixvel va urtepekdppaletal o€
vPnAoLBaBuec AANOLWOELC

Mepattepw Epevva avapevetat vo Seléel Tnv emidpaon
Tou otnV €kppaon tou PDL-1 oe emimedo mRNA kot
NMPWTELVNC woTe va amodeLxBet n mBavn KAWVIKA Tou

onuooia






